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Abstract

Cocoa (7heobroma cacaoL.) beans are the primary ingredient used in the production of chocolate. It contains bioactive compounds,
specifically flavonoids, which are beneficial to one's health. The essential flavonoid is an epicatechin, catechin and procyanidin monomer.
Cocoa plant varieties are classified into three types: Criollo, Forastero and Trinitario. Flavonoids levels differ between varieties due to
genetic factors, variety, degree of fermentation, processing parameters and plantation environmental conditions. Flavonoids can help
to maintain immune homeostasis by increasing nutrient absorption and metabolism, lowering the risk of coronary heart disease and
acting as an anti-hypertensive agent in the form of cocoa powder. Fermentation, drying, roasting and alkalization are the most common
processing steps used by the cocoa bean industry. Flavonoids in cocoa can change during processing and the levels of flavonoids in each
processed product vary. The fermentation stage reduces the flavonoid content of cocoa beans by up to 80%. When drying cocoa beans
at low temperatures or for a short period, the flavonoid content does not decrease significantly. The high-temperature roasting step in
a short time outperforms the long-time low-temperature roasting step. The alkalization process can reduce flavonoids in cocoa beans
by up to 78.5%. Dark chocolate has a higher flavonoid content than other processed cocoa products such as cocoa powder, milk chocolate
and white chocolate. The review will discuss flavonoid benefits from a health perspective, the processing effect on flavonoid content and
the processed cocoa products with the highest flavonoid content.
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INTRODUCTION

Cocoa (7Theobroma cacao L.) is a natural biological
resource that is widely used in World and Indonesia is one of
them.Cocoais one of the essential plantation commodities for
the national economy and is classified as a non-climacteric
fruit’. The beans are a necessary part of the cocoa fruit. Cocoa
beans are the primary ingredient in processed chocolate
products that are widely available to people. It has a distinct
taste and flavour that is well-liked?. It also contains bioactive
compounds that benefit health. However, the bioactive cocoa
beans can change during processing due to heating, adding
milk and sugar additives.

Flavonoids are a type of polyphenolic compound that is
bioactive. They contain 6-8% of their dry weight in flavonoid
compounds. Most flavonoids are flavan-3-ol (also known as
flavanols), catechins, epicatechins and proanthocyanidins.
Because polyphenols are hydrophilic, flavonoids can be found
in the non-lipid fraction. Flavonoids content in each cocoa
bean will vary. It is due to several factors, including the
fermentation process, drying cocoa beans, roasting process
and extraction, which can remove up to 85% of the flavanol
content?. Flavanolsimprove cardiovascular health by lowering
the risk of cardiovascular morbidity and mortality from other
chronic diseases. In addition, flavanols are beneficial to
hypertensive individuals because they can lower blood
pressure®,

The flavonoids content of each chocolate product varies.
Dark chocolate contains the most flavonoids of any cocoa
bean product and white chocolate has the most minor>. Cocoa
butter, powdered milk, skim milk, soy lecithin emulsifier and
vanillin are the ingredients used to make white chocolate. The
number of flavonoids in the processed product is determined
by the amount of cocoa mixed in. The higher the
concentration or amount of cocoa mixed, the higher the
flavonoid content. Because of the presence of tannins, the
higher the flavonoid content, the bitterer the chocolate taste.
The review discusses the beneficial effects of flavonoids, the
impact of processing on flavonoid content and the processed
cocoa products containing much more flavonoid content.

Bioactive components of cocoa beans and their health
benefits: Cocoa bean flavonoids: The polyphenol in cocoa
beans has antioxidant properties. It is a chemical substance
that is made up of more than one phenolic group. The
polyphenolsin cocoa are mostly flavonoids. Flavonoidsin food
are classified into six classes: flavonols, flavones, flavan-3-ols,
flavanones, anthocyanins and isoflavones. Flavan-3-ol is the
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most abundant flavonoid in cocoa. It consists of epicatechin,
catechin and procyanidin monomers’. Flavanols can be made
up of 1-3% weight of cocoa beans and their oligomeric
fraction (procyanidin) 6-8% by weight of cocoa beansé.
According to Muscatello et a/°, the most abundant flavonoid
group consists of two aromatic carbon rings, benzopyran
(A- and C-rings) and benzene (B-ring). Flavanols are water-
soluble and can be oxidized both enzymatically and non-
enzymatically. Procyanidins are flavonoids that account for
58% of total polyphenols in raw cocoa beans'®.

Flavanol monomer consists of catechins and epicatechins.
Catechins are the pigments that give cocoa beans their purple
and brown hues. With a 1:0.1 ratio, epicatechin is more
dominant than catechin. Raw cocoa beans contain
approximately 60% flavonols by weight of total phenolic with
procyanidin monomers and oligomers. The bioavailability of
catechinsin their (-) and (+) forms differs in absorption power.
In chocolate, the concentration of (-)-catechins is higher
than (+)-catechins. However, (-)-catechins have a lower
bioavailability than (+)-catechins'. Flavonoids can be found
in the cocoa fraction that does not contain solid fat. The
flavonoid of cocoa beans is greatly affected by processing. It
compounds capable of scavenging free radicals. Flavonoids
are temperature-sensitive'2. Fermentation, drying, roasting,
alkalization, storage conditions and industrial processing
protocols all have an impact on flavonoid content.

Flavonoid's health benefits: Cocoa flavonoids, specifically
catechins, epicatechins and procyanidins, have been the focus
of many studies. Flavonoids found in cocoa are metabolized
by enzymes in both the small intestine and colon. Flavonoids
interact with colon microbes, which aid in the growth of
probiotic microbes. Similarly, epicatechin will be converted to
have a low molecular weight, which will then be absorbed by
the colon and aid digestion by probiotic microbes™. The
effects of microbes metabolizing flavonoids are positive, as
they help promote homeostasis of the immune system and
boost nutrient absorption and metabolism. In addition,
flavonoids have an antimicrobial activity that can inhibit
commensal or pathogenic microorganisms'. Finally,
flavonoids can make biotransformation by intestinal epithelial
cells so that they can be circulated in the bloodstream and
secreted back into the intestine for additional metabolic or
biological activities's.

Cocoa derivative products containing high levels of
flavanols will have different effects. Consumption of cocoa-
derived products high in flavonoids has a physiological
impact. It is affected by factors such as experience, mood and
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satiety. Sensory dissatisfaction causes a bad mood. Several
studies have shown that eating chocolate can improve
mood and happiness'®'’. Flavonoids have been shown in
epidemiological studies to reduce coronary heart disease. It is
related to the fact that consuming flavonoids can lower blood
pressure and improve endothelial function. When it consumed
dark chocolate regularly, Flow-Mediated Dilation (FMD)
increased by 4%'8. In cocoa powder, cocoa bean flavonoids
have an anti-hypertensive effect*. The increased bioavailability
of nitric oxide produced by flavanols reduces blood
pressure and insulin resistance'®. The Angiotensin-Converting
Enzyme (ACE) changes play an essential role in blood pressure
regulation, where angiotensin oneis converted to angiotensin
two by flavanols and procyanidins. These modifications are
desirable for hypertensive patients because they can prevent
ACE from activating the NADPH-oxidase enzyme. The enzyme
will cause nitric oxide to be oxidized to peroxy nitrate*.

Flavonoids can degrade Systolic Blood Pressure (SBP) and
Diastolic Blood Pressure (DBP). The decrease in blood pressure
is caused by angiotensin one conversion and increased nitric
oxide synthase activity.Increased blood flow in the arteries did
not affect flavonol consumption. The addition of sugar to
chocolate product samples, on the other hand, can reduce
flavonoid activity in degrading SBP and DBP?. According to
loannone et a/?', dark chocolate consumption decreasing
triglycerides, total cholesterol and Low-Density Lipoprotein
(LDL) cholesterol for six months.

Furthermore, the polyphenol fraction can prevent
resistance to elevated LDL by suppressing the formation of
atherosclerosis®. In addition, epicatechin and procyanidin-rich
cocoa products help your body's antioxidant capacity and
blood plasma triglyceride oxidation?’. The following Table 1.
summarizes the health benefits of flavonoids extracted from
processed cocoa beans.

Cocoa's Influence on Flavonoid Content
Cocoa varieties: The cacao plant is classified botanically into
three varieties: Criollo, Forastero and Trinitario, each of which
has fine grade, bulk grade and fine grade. According to
legend, Criollois a type of cocoa plant that the Mayans highly
valued and whose existence is extremely rare. Criollo has a
slightly bitter taste and is more aromatic than other bean
plants. The Criollo cocoa is indigenous to Mexico, Central
America and northern South America. Criollo is currently
growninthe Dominican Repubilic, Peru, Colombia, Papua New
Guinea, Indonesia and Madagascar®. This variety is used in
chocolate production to the tune of 5-10%*.

Up to 80% of chocolate production is made from
Forastero cocoa, followed by Criollo and Trinitario. Forastero
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is a more complex bean than Criollo and produces lower-
priced cocoa beans?*. Forastero cocoa originates in the
Amazon region of Guyana and is now available in Ghana, lvory
Coast, Sao Tome and Principe, Togo, Nigeria, Brazil, Indonesia
and Malaysia®. Overall, the highest quality cacao was the
original Forastero from Ecuador (better known as Arriba),
followed by the Criollo®.

Trinitario is a hybrid between the Forastero and Criollo
cocoa varieties. The chocolate produced by Trinitario is used
less extensively (about 10-15%)%. However, it has a well-
known strong aroma. Although it originated in Trinidad, the
Trinitario plant has been cultivated in Venezuela, Ecuador,
Cameroon, Samoa, Sri Lanka, Java and Papua New Guinea?.

Flavonoid content of different cocoa varieties: Each bean
variety has differences. Criollo cocoa beans, for example,
contain approximately two-thirds of the polyphenolic
compounds found in Forastero cocoa beans. Polyphenols are
typically around 6-8% in cocoa beans?. Variables like genetics,
bean variety and fermentation stage can affect the phenolic
concentration in cocoa beans?. It further explains the various
types of cocoa beans grown in each region.

Caligiani et a/* discovered that Forastero from Ecuador
had higher (-)-epicatechin and caffeic acid derivatives than
Criollo from Grenada, Trinitario from Trinidad and Forastero
Ghana. Variations in genotype, growing conditions and
postharvest handling of cocoa plants can all contribute to this.
According to Othman et a/?, the difference in concentration
of (-)-epicatechin can be influenced by the region of origin of
cocoa. According to the findings, the concentration of (-)-
epicatechin in the sample ranged from 270-1235 mg/100 g of
cocoa beans. In addition, it found Sulawesi cocoa bean
samples with low pH cotyledons to have higher antioxidant
potential than Ghana and Cote d'lvoire cocoa beans. Finally, it
indicates that Sulawesi cocoa has higher polyphenol content
than Ghanaian and Cote d'lvoire cocoa.

Otherfactors like climate, sunlightintensity, fruit maturity,
harvest time and pest attack can impact the flavonoid content
in cocoa. According to Oracz and Nebesny?’, Forastero from
Brazil contains the most phenolic compoundsin mg GAE/g dry
weight, 173.58. On the other hand, the phenolic compound
content of Trinitario from Papua New Guinea was the lowest,
76.14. Also, the level of fruit maturity impacts the polyphenolic
content in cocoa beans. Polyphenols in the cocoa act as a
plant defence system. It is against pathogens and adverse
environmental conditions during the ripening process®.
Therefore, the polyphenolic concentration decreases as cocoa
pods mature. Reported flavonoid compounds in various cocoa
varieties are presented in Table 2.
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Flavonoid content changes during cocoa bean processing:
It can turn cocoa beans into a variety of products. The physical
and chemical properties of cocoa beans will undoubtedly be
affected by the processing process. Fermentation, drying and
roasting are the most common stages of cocoa bean
processing. In addition, proper processing is required to
maintain essential compounds such as flavonoids in a
processed cocoa product. Table 3. shows the changes in
flavonoid compounds at each stage of the cocoa bean
processing process.

Fermentation: Cocoa processing starts with fermentation. The
formation of a brown liquid from complex flavonoid
compounds was measured as the fermentation index
parameter. It is responsible for the distinct flavour of cocoa
beans. As a result, fermentation significantly affects flavonoid
content®. Epicatechin and catechin levels in plant material can
be reduced by up to 80% during fermentation, according to
Payne et a/*°. The polyphenol content, including flavonoids,
was significantly reduced from 115-43 mg g~' dry weight in
fermented cocoa beans. Non-fermented cocoa beans have a
much higher flavonoid content. However, these cocoa beans
will lack the distinct flavour associated with cocoa beans.

Drying: Drying is done to reduce the moisture content of
cocoa beans to around 6-7%. In this condition, mould does
not contaminate the beans. However, according to
Indiarto et a/%, the amount of heat used to dry cocoa beans
significantly affects their flavonoid content. Freeze-dried
cocoa beans had the highest flavonoid content, followed by
sun-dried and oven-dried, respectively. These findings are
consistent with the heat-sensitive nature of flavonoids found
in cocoa beans?'.

Nieto-Figueroa et a/*? also investigated various cocoa
bean drying techniques. Their dryers are microwave, forced-air
drying and forced-air drying-extrusion. Microwaves are
thought to be the most effective for retaining flavonoids and
other polyphenolic compounds. It is due to the drying rate is
quickwith microwave32. Therefore, the microwave-dried cocoa
had the highest flavonoid content, followed by forced-air
drying and forced-air drying-extrusion.

Roasting: Following the drying stage, cocoa beans will enter
the roasting stage before being processed into finished
food. Roasting can shape the colour, texture and aroma
characteristics of cocoa beans, which result from oxidation
and protein degradation, polymerization of polyphenols
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including flavonoids and Maillard reactions?3. Flavanol is one
of the flavonoids found in cocoa beans. According to
loannone et a/*, the flavanol content of short-term high-
temperature roasting was higher than that of long-term low-
temperature roasting. As a result, the flavonoid content
decreases with increasing roasting levels. According to
Indiarto and Rezaharsamto®, high temperatures in food
processing can degrade nutrients and bioactive compounds.
[t was roasting cocoa beans at temperatures higher than 70°C
causes epicatechin to degrade®®. It is due to the increased
epimerization of epicatechin into catechins. Payne et a/*°
found that roasting reduced the epicatechin content of cocoa
beans by up to 82% at a temperature of up to 120°C. The
catechin content increased when the roasting temperature
reached 120°C. Although the value of catechinsis low during
the processing stage, levels can rise when the cocoa beans are
roasted. According to Giiltekin-Ozgiiven et a/¥’, Roasting
cocoa beans can remove up to 65% of polyphenols, including
flavonoids.

Alkalization: Alkalization, known as the Dutch process, is a
typical process used to produce processed products, such as
cocoa powder. This procedure is carried out to improve the
product's colour, aroma and taste to satisfy customers®, As a
result, the flavanol content of cocoa is significantly reduced
during this process. The flavanol content of alkalized cocoa is
approximately 78.5% lower than natural cocoa’. Generally, this
is used to make high-quality cocoa powder®®. The Maillard
reaction product interacts with polyphenols to change the
flavonoid content. Followingimmersion in concentrated alkali
(sodium hydroxide), followed by exposure to oxygen, can
decrease polyphenol compound content?.

Miller et a/® investigated the effects of alkalization
treatment onflavonoid compounds under three conditions. At
pH 6.77-7.13; 7.22-7.52; and 7.69-8.6, respectively, light,
medium and strong alkalization occurs. However, under light
alkalization conditions, it kept 40% of natural flavonol levels.
At medium alkalization, it maintained 22% of flavonol
compounds. There was a significant decrease in the content
of flavonoid compounds. Payne et a/*° discovered that the
alkalization process reduced flavonoid monomers, specifically
epicatechin and catechins. Thus, proper pH conditioning can
result in a pleasant taste and a high flavanol compound.

Cocoa bean-processed products: Cocoa powder is one of the
processed intermediate products of cocoa beans. Cocoa
powder is produced by pressing roasted beans, then ground



Asian J. Plant Sci,, 20 (4): 684-693, 2027

0s/€ 19 dukeq

gc/€49 J9||IN

/e 19 19bue

c0/€ 19 1UeIbIjeD

57819 71RY|

(6839 UBANBZQ-uR3ND
w232 Buariilg

oc/€ 39 WIS

4¢/€ 39 SUOUURO]
¢/ 12 0Zeng
10/€ 79 04|90

2678 39 £0IANHI4-013IN

0s/€ 19 duked

651¢/E 99 BB I pUe pifejy

008 39 YeUSWSIN
¢s/0 19 BMEW IQ
/219 1ueibijed

¢/ 19 0zeng
0s/€ 19 dukeq

"S9SBAIDUI UOIIeZI[eY|e JO 32163p DY} Se S95eaI03p UIYI33ed pue ujydaledids Jo Jusjuod)

AjoAadsal ‘gz pue op Aj93ewixoidde je s|aAs| joueAe]) [eanjeu daay UBD UOIjezZijex|e wnipaw pue ybi]

909 01 dn Aq Jopmod L0202 JO JUSIUOD [OURAR|) B} 35RID3P A[IUedIUbIS Ued UonEeZI|ey|Y

spunodwod jouaydAjod uj 95ea.103p B 0} SPe3| ‘JUSWIeaI} 13y AQ PaMo||0} ‘Uoiiezi|ey|y

958/ 03 dn Ag sueaq OJ0 U SPIOUOAR}S 9INP3J UED ss3301d UoIIezZI|ey |y

%¢6'9/ Alorewixoidde g paseadap sueaq e0d0 JO JUSIUOD PIOUOAR|) 3} ‘Bullseol oYY

D.081 03135 USAO UE 0} pasedwod JUSIUOD PIOUOARJ 3Y3 padNnpal Apuedyiubls D,07z-007 3e bunseol jeuoinipel|
SuIYD31ed 03 UIYI1edIds SHAU0D asesswids ulyda1edlds ), 0z | 18 ‘98 01 dn Aq s|9A3| ulyda1edids sonpal ued bunseol ‘,0/ 1Y
pouad papualxa ue 1oy sainjesadwal Moj Je

Bunseos 03 o|qesasa.d si pouad Jaliq e Joy sainyesadwal ybiy 3e buiiseos ‘ploUOAR]) sURSC BOJOD DY} Ulelulew o]
"JUSIUOD 133 Ul 95ea.409p e Ul bunnsal ‘dnoib piouoneys ayy Aenoied ‘sjousydAjod jo

uolezuawA|od 3y} sI YdIYm JO SUO ‘sueaq e00D UJ SI13SIDIDRIBYD BUWOIR PUB 21N3X3} IN0J0D d11dads asned ued buliseoy
ssad04d Bbulkip ay3 buunp ‘Ajaaizdadsai ‘9509 pue g Aj1ewixoidde Ag padnpas sem JUSIUOD UIYD33eD pue uiydaledids ay|
SABMOIDIW B YUM Se ydNs ‘Apdinb suop aq 1snwi 3 ‘sainjesadwal ybiy e Aip 01 3qissod si 3 3[IYM

poyiaw buikip Wybijuns ay3 buisn ‘,_6 bw 47| 01 ‘%67 Ag pue poyiaw Bulkip-azaaly ayy buisn ‘| _b buw §'7| 01 ‘%97

Aq pasea1dap A3y} ‘patip usym pue 6 bw 0'g| d19m sueag P00 [BINJRU Ul SUOIIRIIUSIUOD UIYI)ed pue ujydaiedids
sueaq PO0D U] SPIOUOAR 33} saAIasaid Bulkip 9zaal4

B Bw 0z 1-06 03 Pa2NPaJ 3¢ UL OB U] SUIYIILdIdd pue Sujyd93ed 3y} ‘21n3eladwia) WOooi 3 UO[IeIUSWID) JaYY
uoleIURWIR) bunp sueaq e030d b bw o -0z | A|3ewixoidde Ag padnpai aie suiydaiedidsy

9%0/-01 Aq padnpaJ aie suiydaled pue suiydaiedids ‘uoneuswiay buung

yb1am Aip b Bw gp-G | | woly Apuediiubis paseadap sueaq e0d0D PajUIWI) JO JUSIUOD PIOUOAR|H

uoleIURWISY bulnp 908 03 dn Ag padNpPaJ 319M sURSJ BOJ0D Ul SPIOUOAR|H

uonezijey|y
uonezijey|y
uonezijey|y
uonezijey|y
uonezijey|y
Buiseoy
Bunseoy
Bunseoy

Buiseoy

Bunseoy
buifig
buifig

buifig

buifig
UoI1eIUB WIS
UoI1eIUB WIS
UoI1eIUB WIS
UoI1eIUS WIS
UoI1eIUS WIS

SodUSI9j9Y

sbulpu4

sabeys buissadold

Buissadoid ueag 020D 3y} Jo a6e3S Udea Je spunodwod plouoAey ul sabuey) :€ djqe]

689



Asian J. Plant Sci,, 20 (4): 684-693, 2027

into a powder form with a fat content of 10%*. Typically, this
cocoa powder will be alkalized or Dutch-processed toimprove
its flavour, colour and texture. Studies found that cocoa
powder polyphenol and flavonoid levels changed during the
manufacturing process*. Light, medium and strong
alkalization of cocoa powder reduced epicatechins and
catechins in mg/100 g by 223 and 88; 69 and 70; 26 and 36;
and 4 and 9, respectively®. The highest total flavonoids were
found in natural cocoa liquor, followed by unroasted cocoa
beans, roasted cocoa beans, alkalized cocoa liquor and cocoa
powder¥,

Chocolate is another popular product made from cocoa.
Chocolate is a uniformly processed product made by
combining cocoa, milk, sugar and other ingredients. Before
cocoa can be processed into chocolate, it must be ground and
transformed into cocoa powder or cocoa butter. Chocolate is
high in flavonoids and flavanols, specifically catechins,
epicatechins, procyanidins and derivatives>*. Giiltekin-
zglven et a/*' found that the presence of cocoa in chocolate
affects the flavonoid content. Chocolate comes in three
distinct varieties: dark, milk and white*2. These three types of
chocolate have different flavonoid and cocoa compositions®.

The cocoa content of dark chocolate determines its
quality. According to data, dark chocolate has the highest
cocoa content. Dark chocolate can contain up to 80% cocoa
bean solids, with additional cocoa butter*. Because it contains
more cocoa, it has a higher flavonoid content, contributing to
its bitter taste. There are approximately 951 mg g~ flavonoids
per 40 g serving of dark chocolate®.

Milk chocolate is made by combining 20-25% cocoa
beans, cocoa butter, sugar and milk powder*. Milk chocolate
is lighterin colour than dark chocolate due to the lower cocoa
bean content. Additionally, the flavour is sweeter, but the
distinctive bitter taste of chocolate is retained. By dry weight,
milk chocolate contains approximately 24% flavonoids*.
According to Katz et a/>, milk chocolate contains 70 mg of
flavanols+procyanidins per 100 g of chocolate.

White chocolate comprises cocoa fat (20% by weight),
sweeteners and milk components3¢. Cocoa butter is extracted
from cocoa beans to make white chocolate. White chocolate
is produced by avoiding roasting the cocoa beans, thereby
preventing them from turning black. White chocolate contains
few whole cocoa beans, so many people mistakenly think it is
a sweetener. White chocolate contains only about 12%
flavonoids per 100 g of chocolate®. The following table
summarizes the flavonoid content of various processed cocoa
bean products.
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CONCLUSION

Flavonoids are the mostabundant bioactive components
in cocoa beans and they have been linked to improved health.
The fermentation, drying, roasting and alkalization processes
are used to convert cocoa beans into intermediate and
downstream products. Physicochemical properties change
throughout the process, resulting in compounds that
contribute to chocolate's distinctive flavour and aroma, but
flavonoid content has decreased significantly. In terms of
nutrition and health benefits, cocoa-based products are
considered "superfoods." Innovation is required to reduce
flavonoid degradation during processing while maintaining
physicochemical and organoleptic parameters.

SIGNIFICANCE STATEMENT

This study discovers the cocoa beans contain a high
concentration of polyphenolic compounds, particularly the
flavonoid group, that can be beneficial for enhancing the
body's health and nutrition. This study will help the researcher
to investigate alternative technological innovations that will
help prevent the degradation of flavonoids in cocoa beans by
minimizing the quality loss in their processed products that
many researchers were not able to explore. Thus,a new theory
on preservation techniques for flavonoid compoundsin cocoa
beans and their processed products may be arrived at.
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