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ABSTRACT

Although cocoa production generates numerous by-products,
only 10% of cocoa pods are used commercially, with the
remaining 90% discarded. Cocoa processing generates
by-products such as pod husks, pulp, and bean shells. It can
recycle as a result of its high fiber and bioactive compounds
Cocoa-pods produce additional dietary fiber,
wrinkle-reducing cosmetics and preservatives, animal feed,
organic fertilizers, raw materials for paper-making, and
biofuels. Sugar, minerals, fat, and protein are abundant in the
pulp. The cocoa pulp can be used to make various beverage
products, including mixed drinks with added fruits, kefir
beverages, wine, soft drinks, marmalade, and vinegar.
Because of its high content of lignin, cellulose, protein, fat,
carbs, and polyphenols, the cocoa bean shell is an excellent
source of dietary fiber. It contains a high fiber content and has
a high resale value when used as a renewable energy source.
This review article will discuss the management of cocoa
by-products and value-added products with various
applications.

Key words: By-product, catechin, cocoa, eco-friendly, husk,
cellulose

1. INTRODUCTION

There are twenty recognized cacao (Theobroma cacao
L.) varieties, but these are the three most popular. It is
available in the Criollo, Forastero, and Trinitario varieties.
Numerous by-products are produced throughout the cocoa
manufacturing process. However, only 10% of the entire
weight of cocoa pods is utilized economically, with the other
90% thrown as waste [1]. The amount of waste generated
creates economic difficulties and may contribute to
environmental pollution. As a result of population growth and
the threat of raw material depletion, extensive reuse of waste
materials that are still useful is being undertaken. Cocoa
processing can reuse by-products due to the high fiber content
and bioactive compounds found in cocoa [2], [3]. Bioactive
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components are substances found in trace amounts in foods
that have been shown to benefit human health [4].

Cocoa by-products are produced during cocoa bean
processing. The cocoa beans are separated from their pod
husks and fermented then dried for storage and
transportation. The pod husk, pulp, and bean shell make up
about 70-80% of the dry weight of cocoa pods [5]. The three
waste products are considered trash because they might create
environmental issues like smells or disease transmission to
neighboring plants [6]. The major by-product of cocoa bean
processing is the bean shell. Ninety-eight grams of cocoa bean
shell can be obtained from one kilogram of cocoa beans. This
skin is typically separated from the cotyledons before and
after roasting [7], [8]. Cocoa bean shells comprise 10% to
17% of the total weight of cocoa beans [9]. The percentage
varies depending on how the cocoa beans are fermented [7].

Cocoa pod husks are obtained after the cocoa beans have
been collected from the cocoa pod. The husk of the cocoa pod
contributes to roughly 52—-76% of its weight. Cocoa pod husks
are widely used in animal and poultry feed due to their protein
content (5.9-9.1%), fiber content (22.6-35.7%), and fat
content (1.2-10%) [10]. Cocoa pod husks are composed of
three distinct layers, i.e., pericarp, mesocarp, and endocarp.
There are various colors, ranging from green in the Forastero
species to red in Criollo species to mixed colors in Trinitario
and Forastero-Criollo hybrids. It corresponds to the color of
the exocarp. The thickness of the fruit's skin varies depending
on how mature it is [11].

The cocoa pulp is the white mucus that coats the beans
inside the cocoa pod. The pulp is typically sweet in flavor and
can contribute color, taste, and aroma to the fermentation
process by incorporating various microorganisms [12]. The
pulp is a rich source of sugar, minerals, lipids, and protein.
Cocoa pulp contained 3.12% fat and 3-5% protein. The pulp
has a pH of 3.78 due to acetic and lactic acid [13]. This review
discusses cocoa by-product management and product
development with applications in various fields.

2. COCOA POD HUSKS

Pod husks are a by-product of the cocoa production
process. Following cocoa bean separation, the pod husk is
typically removed and used as organic fertilizer. However,
leaving untreated cocoa pods on the soil surface can result in
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plant diseases such as black rot on fruit caused by
Phytophthora sp. [14]. Cocoa pod husks are primarily
composed of fiber. It contains 19.7-26.1% cellulose in the
mesocarp, 8.7-12.8% hemicellulose in the epicarp, 14-28%
lignin in the epicarp, and 6-12.6% pectin in the endocarp
[15]. Cocoa pod husks also contain between 32-47%
carbohydrates, 7-10% protein, and 1.5-2% fat. Additionally,
minerals such as potassium, calcium, magnesium,
phosphorus, sodium, and iron are present [16], [17].

Due to the high content of cocoa pod husks,
bioconversion of its value-added products is exceptionally
high. However, cocoa pod husks as a renewable resource are
still underutilized. The following are some of the applications
and potential value-added products for cocoa pod husks.

2.1 Dietary fiber supplementation

Cocoa pod husks are high in fiber. It contains a variety of
dietary fibers, both soluble and insoluble. The pectin, -glucan,
oligosaccharides, and some hemicellulose comprise soluble
dietary fiber. Additionally, insoluble dietary fiber contains
lignin, cellulose, and hemicellulose [18]. Pectin is the most
abundant component in cocoa pod husks [19]. Pectin is an
essential component in food products because it may create a
gel, which enhances texture and stability [20]. The pH, time,
and temperature are the primary variables that influence
pectin's extraction process and physicochemical properties
[14]. Pectin can be dissolved in water, hydrochloric acid,
nitric acid, or citric acid [21], [22]. The development of foods
containing soluble dietary fiber can benefit individuals
deficient in dietary fiber or suffer from anorexia. Soluble
dietary fiber can help the body retain water, sustain a sense of
fullness after eating, and reduce glucose absorption in the
small intestines [23]. The large intestine ferments soluble
dietary fiber that cannot be digested in the small intestine.
Soluble dietary fiber from cocoa pod husks has been added to
muffins and bread manufacturing. Soluble dietary fiber has
been shown to influence both texture and organoleptic
properties [24].

Additionally, cocoa pod husks contain 52-74% insoluble
dietary fiber. Within the digestive system, insoluble dietary
fiber acts as a laxative. They make high-fiber bread by
substituting cocoa pod husk powder for wheat flour, resulting
in a denser and harder texture. It demonstrates how fiber
during processing affects the texture and quality [24]. The
food industry is required to maintain a healthy balance of
soluble and insoluble dietary fibers [25]. As a result,
pretreatment, such as acid hydrolysis, is required to balance
the two fibers. Insoluble fiber content is more significant than
soluble fiber content. Acid hydrolysis can distribute uronic
acid inside the insoluble dietary fiber and enhance soluble
dietary fiber [26]. The addition of cocoa pod husk powder to
food remains a challenge due to the community's varied
acceptance, even though its inclusion in food processing
promises improved food quality.
2.2 Cosmetic  antiwrinkle

preservatives

Cocoa pod husks may be an antioxidant source due to
their phenolic content. Some of the active phenolic

agents and  natural
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compounds in cocoa pod husks are catechins, epicatechin,
quercetin, and gallates [27]. Cocoa pod husks have a greater
antioxidant capacity than cocoa bean shells, cocoa pulps, or
tomato rinds [6].Cocoa pod husks must first be dried to ensure
the content's stability before further processing. Many
methods are utilized to dry the products, such as hot air
drying, microwave drying, and freeze-drying. Specific drying
techniques may affect the phenolic content due to changes in
the microstructure [27]. The phenolic compounds found in
cocoa pod husks were extracted with organic solvents. The
efficiency of extraction is dependent on the chemical
composition of the organic solvent used. Due to the effect of
different solubility, the phenolic content extracted with
acetone and methanol yielded significantly higher yields than
when extracted with ethanol [6].

Cocoa pod husk extract is used in cosmetics as an
antiwrinkle agent. It applied a gel containing cocoa pod peel
extract to adult human skin for 3-5 weeks. The results
indicate that cocoa pod husk extracts can significantly reduce
wrinkles while also hydrating the skin [28]. Additionally,
supercritical pod husk extracts may be used as natural
antioxidants in food. This antioxidant compound acts as a
natural preservative, prolonging food shelf life [11].

2.3 Animal feed

Cocoa pod husk is also utilized as cattle fodder. It aims to
reduce conventional corn and bran-based feed while also
lowering the feed cost [29]. Research is still needed to
ascertain its effect on the digestive system of animals. Cocoa
pod husks contain 14% lignin, 11% hemicellulose, 35%
cellulose, and 6% pectin [30]. Animals with a monogastric
stomach, such as pigs and rabbits, are unable to digest
hemicellulose. It is because enzymes capable of hydrolyzing
hemicellulose are not readily available [31]. Pretreatment
actions include the addition of viscozyme and pectinex
enzymes and Phanerochaete chrysosporium fungi, which can
boost the digestibility of cocoa pods by up to 30% [32].

2.4 Organic fertilizer

Due to the high mineral content of cocoa pod husks, they
can substitute conventional fertilizers with cocoa pod husk
fertilizers. Minerals are critical for plant growth. Minerals as
micronutrient components perform various functions,
including supplying nutrients to plants, activating various
enzymes, and protecting potential electrical gradients in cell
membranes. Minerals assist the cells in maintaining a balance
of anions and cations. Additionally, minerals regulate turgor,
osmotic pressure and are responsible for water distribution
throughout the plant [33].

Combining cocoa pod husk powder with phosphorus
fertilizer has improved crop quality, seed yield, and yield
index compared to NPK fertilizer alone [34]. Pod husk
powder may also affect tomato fruit growth, yield, and soil
fertility. This environmentally friendly application can
replace the use of expensive and less eco-friendly NPK
fertilizers. Burning cocoa pod husks also produces ash,
improves agricultural sanitation, and controls black rot
disease sources [35].
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2.5 Paper-making

Paper is typically made from tree wood fibers. Cocoa pod
husks may be a solution to global warming and alternative
energy research. To extract the pulp, first, dissolve the fruit
peel in an alkaline solution at a high temperature. Pulp
quality is determined by lignocellulose content, with more
cellulose, lower lignin, and lower ash desired [36]. Surface
morphology, fiber characteristics such as length, diameter,
lumen width, and thickness affect paper quality. Teabags are
typically made from pulp with thinner and shorter fibers,
whereas writing paper is made from pulp with more robust
and thicker fibers [37].

2.6 Biofuels

Cocoa pod husks are rich in lignocellulosic material. It
can be converted to bioethanol. Because cocoa pod husks have
less carbohydrate than corn cobs and rice straws, they produce
less bioethanol. Cocoa pod husks contain more lignin than
corn cobs and rice straw [15], [38].

Pretreatment methods to remove lignin from
lignocellulosic biomass are essential for biofuel production.
Physical, chemical, and biological treatments were all used as
pretreatment measures. Chemical treatment utilizing acid or
alkali extraction and organic solvents. While physical
treatment using a steam explosion. The biological treatment
was utilizing enzymatic hydrolysis [15].

Pretreatment can increase the hydrolysis susceptibility of
hemicellulose and cellulose. It resulted in fermentable sugars
and  assimilated = monosaccharides.  Saccharomyces
cerevisiae, Pichia stipites, and Kluyveromyces marxianus
ferment lignocellulosic biomass to generate pentose and
hexose sugars. [38]. Combining physical treatment methods
such as steam explosion and enzymatic treatment is
recommended to reduce energy and increase lignin separation
efficiency [39].

It can also create bio-oil and biogas from cocoa pod
husks. Bio-oil and biogas are made through the pyrolysis of
cocoa pods in a 17.4-liter hot reactor operating at atmospheric
pressure. Pyrolysis was performed at 300-600°C. Bio-oil is
the condensed fraction of volatile substances, while biogas is
the non-condensable fraction [40]. Table 1. shows the
numerous applications of cocoa pod husks.

Table 1. Utilization of cocoa pod husks

Main compounds  Application Ref.
Pectin Reduce the amount of wheat [24]
flour used in the production of
high-fiber bread
Phenolic Anti-wrinkle ingredients in [28]
cosmetics
Phenolic Food natural preservatives [11]
Hemicellulose, Animal feed [29]
cellulose, lignin, ,
and pectin [32]
Potassium, Organic fertilizer [33]
calcium, and ,
phosphorus [34]
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Main compounds Application Ref.
Lignocellulose Basic paper-making material [36]
[41]
Lignocellulose Biofuels [38]
[40]
[42]
[43]
Cellulose Nanocrystalline [44]
Cellulose Bioplastic film [45]
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3. COCOA PULP (MUCILAGE)

The fruit pulp/mucilage is another by-product of cocoa
pods. The cocoa pulp is white and slimy outside because it
comprises spongy parenchyma cells containing cell sap. The
cocoa pulp can produce a slightly cloudy whitish liquid
known as cocoa pulp juice or sweatings [10]. Based on Anvoh
et al. [13], the physicochemical composition of cocoa pulp
liquid was 85.30 % water, 3.76 % ash, 3.54 % fat, 0.41 %
protein, and 16.17 % total solids. The pulp liquid has a high
level of acidity, where the pH ranges from 3.66-3.75. The
pulp liquid included citric acid, malic acid, acetic acid, oxalic
acid, lactic acid, fumaric acid, citric acid, fumaric acid, citric
acid, and ascorbic acid at concentrations (mg/L) of 9.14; 3,6;
2.28;1.27; 1.23; 0.02; 9.14; and 18.3 respectively.

Meanwhile, the liquid waste contains 7.5 % sugar. It
comprises sucrose, glucose, and fructose with 107.6, 23.3,
and 10.6 mg/mL. Then, for the mineral content, potassium,
sodium, phosphor, calcium, and magnesium had
concentrations of 950, 30.5, 62.47, 171.5, and 82.5 mg/L,
respectively. Because of its composition, the cocoa pulp may
be used to make beverages such as mixed drinks [46], kefir
drinks [47], wine [48], and other products such as
marmalade[13] and vinegar [49].

3.1 Fruit juice mixed drinks

The cocoa pulp contains significant minerals [46]. Still,
it is deficient in vitamins, particularly vitamin C. Afolabi et
al. [46] created a cocoa pulp drink product with fortified
pineapple juice to supplement the nutritional content,
particularly vitamin C, to create a complete beverage product
with nutrients. According to his research, the CP-PJ (Cacao
Pulp-Pineapple Juice) mixed drink contains more calcium,
iron, fat, and phosphorus but less protein, carbohydrates, and
vitamin C, with a higher cocoa pulp content (PJ). The greater
the concentration of cocoa pulp in the CP-PJ mixed drink, the
lower the crude fiber content. It demonstrates that the mixed
drink CP-PJ is an easily digestible beverage. The panelists
gave the most favorable rating to the composition of 50%
cocoa pulp (CP) and 50% pineapple juice (PJ), 7.33.

3.2 Kefir beverage
Apart from fruit juices, the cocoa pulp can be fermented
with kefir to create a fermented beverage. Kefir is a milk
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beverage made from kefir grains that is acidic and alcoholic.
It is like watered yogurt. Kefir originates in the Caucasus
Mountains and comprises probiotic microorganisms
suspended in a complex protein and polysaccharide matrix
[50], [51]. Consumers regard kefir beverage products as
healthy beverages. According to Nielsen et al. [52], kefir has
gained widespread recognition as a beneficial probiotic.
Hamida et al. [53] investigated the use of kefir and its
by-products as antiviral agents. Puerari et al. [47] researched
fermented drinks made from cocoa pulp-kefir beans that are
healthy while also utilizing and developing cocoa pulp waste.
Kefir beans were used as a starter culture in this study to make
fermented cocoa beverage products. Inoculating kefir beans
on cocoa pulp resulted in fermentation. For 48 and 72 hours,
the fermentation process was carried out. During the 72-hour
fermentation period, lactic acid concentrations, acetic acid,
malic acid, propionic acid, and citric acid increased to their
maximum values. The panelists approved the products
fermented at 10 °C for 48 and 72 hours with 92 and 100%
acceptance, respectively. It is due to the drink's low acidity
and alcohol level. After 48 and 72 hours at 25°C, it generated
an alcoholic kefir drink. The acceptance value of the alcoholic
kefir beverage is also relatively high, at about 80% among
panelists.

3.3 Wine

Duarte et al. [48] investigated the production of alcoholic
beverages from the cocoa pulp. It compared alcohol
production from cocoa pulp, cupuassu, gabiroba, jaboticaba,
and umbu pulp. Cocoa wine contains the most alcohol of all
the alcohol compounds. Only cocoa wine 6.8 mg/L has the
2-heptanol ethyl ester group. However, 2-phenoxyethanol and
3-ethoxy-1-propanol  are  not  present.  Methanol
concentrations (mg/L) in cocoa wine and jaboticaba were 195
and 181, respectively. It is very hazardous alcohol present in
wine that must be controlled. Enzymes hydrolyze the methoxy
pectin group during fermentation to generate methanol [48].

The most common wine acids are tartaric, malic, citric,
lactic, and succinic. The acidity level of wine products can
indicate the wine's quality [48], [54]. The concentrations
(g/L) of malic, succinic, and acetic acids in cocoa wine were
0.29; 3.94; and 0.37, respectively. Malic acid contributes to
the wine's acidity. It has two carboxylic acid groups, which
release protons to the solution and make it more acidic.
Succinic acid, produced during fermentation, gives a salty
and bitter taste to wine [55]. Acetic acid with a concentration
greater than 0.7 g/L imparts the vinegar flavor and aroma.
Ethyl esters such as ethyl lactate, diethyl succinate, diethyl
malate, and mono-ethyl succinate are found in cocoa wine.
According to Perestrelo et al. [51] and Duarte et al. [43], this
group of ethyl esters contributes to overall wine quality and
provides ‘flowery' sensory attributes.

3.4 Carbonated cocoa beverage

Carbonated beverages are non-alcoholic beverages that
have been carbonated. It is composed of water, carbon
dioxide, and flavorings. Although there is no standard for
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carbonation in a carbonated beverage, it typically contains
between 1 and 5 gas volumes (1.05-5.27 kg/cm? gas pressure)
per liquid volume [56]. According to Randall et al. [56], the
essential ingredients for carbonated beverages include water.
It has been saturated with CO,, sweeteners, acid compounds
(acetic, citric, fumaric, gluconic, Tartaric), flavors (derived
from fruits, vegetables, leaves, and synthetic flavors), natural
dyes, as well as preservatives, and other additives. Escalante
et al. [57] cocoa soda beverage is made with a combination of
chocolate paste and cocoa pulp in concentrations of 10 and 15
grams, mixed and heated at 71.1°C for 15 seconds. The
filtered mixture added the carbon dioxide (CO,) via a soda
stream, and each beverage receives five pulses of 2 g CO..
Randall et al. [56] state that the essential ingredients for
carbonated beverages are water that has been saturated with
CO, gas. Each drink had a Brix degree of 13-15 and a pH of
4.5-4.6.

The raw material, chocolate paste, contains a higher
concentration of minerals compared to cocoa pulp. Sensorily,
there was no discernible difference between the two cocoa
soda drinks produced. Both beverages scored slightly higher
on the hedonic scale of acceptance. However, if chosen for
commercialization in the food industry, a carbonated cocoa
drink containing 10 grams of cocoa pulp is recommended.
Microbial growth was 10 CFU/g in dry and fermented beans.
CO, gas dissolved in carbonated beverages and imparting a
distinct flavor. Gases also contribute to the inhibition and
eradication of pathogenic bacteria [58].

3.5 Marmalade

Marmalade is a fruit-based processed product. According
to the Food Standards Agency [59], it is a mixture of water,
sugar, fruit flesh, fruit puree, fruit juice, fruit peel, fruit juice
extract, or a combination of these ingredients that forms a
consistent gel. Marmalade is typically made with citrus fruit
and long-term stability. High sugar and pectin content and
low acid content are desirable fruit characteristics for its
product. Pectin is a hydrophilic charged biopolymer. Pectin's
gelling properties are due to its ability to form a
three-dimensional network through chain cross-linking.
Water cannot move freely in this hydrophilic network to a
certain extent. It must avoid excessive dissociation of the
carboxyl group to induce cross-linking. Increased acidity
suppresses dissociation.

Additionally, a low pH can help prevent sucrose
crystallization in marmalade products during storage.
Increased pH values can result in the contraction of the pectin
network and the release of fluid (syneresis). Sugar is
necessary for flavor and for forming a fairly hard gel due to its
water-binding properties. Additionally, sugar's reduction of
water activity is critical for preservation [60].

Anvoh et al. [13] investigated the process of making
marmalade from the cocoa pulp. Cocoa pulp sap has a pH of
3.14 and a high glucose concentration of 214.2 g/L. The
resulting marmalade product exhibits characteristics like
commercial apricot marmalade. Jams should have a pH of 2.8
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to 3.5, and marmalade should have a total dissolved solids
content of 65 to 68 °Brix [60].

3.6 Vinegar

Vinegar gives foods such as sauces and mayonnaise a
sensory flavor and aroma, apart from its use as a food
additive. It can use to preserve fruits and vegetables. The
acetic acid in natural vinegar contains acetoin, diacetyl,
ethanol, and several different acetic esters [49]. One can make
vinegar from synthetic or natural compounds derived from
coconut water, apples, beets, pineapples, and even cocoa pulp
liquid. Cocoa pulp liquid contains acetic acid, lactic acid,
alcohol, and sugar, allowing it to be processed into vinegar.
Ganda-Putra et al. [49] used three different fermentation
methods: one-phase acetic acid fermentation, two-phase
alcoholic and acetic acid fermentation, and natural aerobic
fermentation without inoculum or carbon sources.

The vinegar produced contains a high concentration of
acetic acid (1.64%), propionic acid, total dissolved solids
(0.09% Brix), and sugar (0.06%), all of which are obtained
using the phase 1 fermentation method with the addition of
10% alcohol. However, this vinegar product contains a trace
of salt (0.01%) and low acidity (pH 2.53). While adding 10%
alcohol can increase the concentration of acetic acid,
increasing the concentration of certain alcohols inhibits the
growth of Acetobacter aceti bacteria, lowering the acid
content. So, the optimal concentration of alcohol to use is
5-7%. This study found that cocoa pulp liquid may be utilized
as a raw material for vinegar manufacture, although further
fermentation is necessary to maximize acetic acid synthesis.
Table 2. summarizes the formula for cocoa pulp-based
ingredients and their application to food products.

Table 2. Cocoa pulp-based ingredients and their food
applications

Ingredients formula Application Ref.
Cacao pulp-pineapple juice  Fortification of juices [46]
with nutrients,

particularly Vit. C

Cocoa pulp and kefir Cocoa pulp-based [47]
kefir beverages

Cocoa pulp, sucrose Cocoa pulp wine [48]

solution, calcium carbonate

Cocoa pulp, cocoa liquor, Cocoa marmalade [13]

sugar

Pasteurized cocoa pulp Cocoa vinegar [49]

liquid, Saccharomyces

cerevisiae inoculum,

Acetobacter aceti inoculum,

alcohol

Cocoa pulp, cocoa liquor, Carbonated cocoa [57]
carbon dioxide beverages

4. COCOA BEAN SHELL

Cocoa bean shell is a by-product of cocoa bean that has
nutritional and bio-functional potential [61]. These shells are
high in cellulose lignin and can be used as dietary fiber [62].

Additionally, it has a significant amount of protein, fat, and
carbs compared to other cocoa by-products. The protein
content of the cocoa bean shell ranges from 10.30 to 27.40 %
[63]. It also contains bioactive components like polyphenols
that serve as antioxidants. [64], [65].

Climate, cocoa variety, and processing variables such as
fermentation, roasting, and temperature affect cocoa bean
shell quality [66]. Hygroscopicity is also a property of these
shells. Assume that the cocoa bean shell is stored in a humid
environment. The shells will become infested with fungi or
mycotoxin such as Aspergillus and also contaminating during
the fermentation, roasting, and drying processes, among other
processes. It can make efforts to avoid the growth of
mycotoxins through proper storage, which inhibits the growth
of fungi or mycotoxins on the cocoa bean skin.

The cocoa bean shell has a fat content ranging from 1.50
to 8.49%. Roasting reduces fat content in cocoa bean skin.
Some of the fatty acids found in cocoa bean shells include
oleic, palmitate, capric, and stearic acids [67]. Cocoa bean
shells are also high in antioxidants. Using the extraction
method may be utilized in the food sector as a dietary
supplement or flavoring for cakes and biscuits [68]. It may
utilize cocoa bean shells' chemical and physical
characteristics to create materials by integrating them into
bioplastics to achieve antioxidant properties,
biodegradability, and enhanced physicochemical properties
[69]. Cocoa bean shells have antioxidant properties that can
counteract oxidative effects. It is due to polyphenols in the
cocoa bean shell, such as epicatechin, catechin, and
procyanidin, which are antioxidant-rich compounds [64],
[65], [70]. Renewable energy in cocoa bean shells is the latest
innovation to make cocoa a valuable product and its potential
for food applications.

5. CONCLUSION

Cocoa by-products are generated during the processing of
cocoa beans. Most cocoa pods' by-products comprise pod
husks, pulps, and bean shells. The three by-products produced
are classified as waste that can pollute the environment or
spread diseases to other plants. Cocoa pods can be used as
dietary fiber, antiwrinkle cosmetics and preservatives, animal
feed, organic fertilizers, paper-making materials, and
biofuels. The cocoa pulp can make mixed drinks, kefir drinks,
wine, and other products such as marmalade and
vinegar—one of the latest innovations in research on
renewable energy for cocoa bean shells.
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