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Cocoa and Coffee

Cocoa and coffee are two of the many foods that rely -

of-a migrobial coring process or fermentation for flavor
dévelopment. The popularity and worldwide appeal of
these products are due primarily to their unigue flavor
and .aroma. Although 4 primary curing process is con-
ducted in the preparation of exch product before mag-
keting, fermentation of cocda is absalumiy ‘essential for

Havor development; whergas with ¢offes, the.curing pro-.

cesy is.less efticial to flavor and more important for the
removal of puip. Consequently, this chapter will focus
mamly on the more comprehensiveirole of fermentation:

in cocoa curing and to-alesser extent in the production:

ofcoffee.

GOCOA PROCESSING

Commercial cocoa is-derived from the seeds (beéans) of
theripe fruic{pods) of the p]am: Theobroma ciacio, which.

is.native to the Amazon réglon of Soutl: America, Tt has

been vised by the Amerindidns to produce a beverage

since time immemorial and was ineroduced to Europein

the 15th century by Cortés during the period of disco-

very and colonization of the Aimeticas: s popularity and

demand led to thie establishimienr 4ad; spread of: rootstock
to virmally altof the European colotiies located berween
1 degrees north daud sotith of thie equator wick damates
thdr could support.¢ocoa. production:.

Of the Theobroma species, only’ ? EdED Produces
beanssuitable for chiocolate manufacruring, Immediately
following the-harvest of tipe friit, or following x brief -
storage period;. the séeds are remaved and: subjected se-
quentially to 4 fermentation and. drying: process. ¢ffen
referred to-a8 curmg,” which-is:cartied Gl on farms,
estates, or cooperatives in the pmducmg courntries, The
origin of this process: has been fost in dntiquity, butir
was befieved ar one time: that fermeritation was con-
ducted simply to did in'fémoying the mumiagmeus‘ piilp
surrouzsdmg the s¢ed s0.as to facilitate: drying and stoe-
age, as in the case: ef ceffee, This:in-fact rrue, bt the

formatian of the cc:lor, roma, _'vor precursors 'af :
chocolate, Withour this HI8AtMENt, .Covea beans are ex.
cessively bitter and astringent and, whew processed, do
ot devclop t:hu: ﬁavar that:is -charac:tensnc of ChQCO-
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governed primarily by the gésietic constitution of the co-
coa variety, while the fermentatiofn process teleases and
develops this flavor potential (30}, The inherited char-
agteristics of the bean therefore set a limit-to what can
bee achieved by fermentation. It is inapossible to improve
genetically inferiofmaterial by superior processing tech-
nigues, yet, on the other hand, it is quite easy fo rain
good-quality cocoa by careless or inadequate curing,
The cocoa fruit varies among varieties it size; shape,
external color, and appearagee. These characters have of-
teni been tised in classifying cocoa; butas faras the flavor
quality is concerned, the-only really important morpho-
logical differences are those that distihgnish between the
white-seeded Criollo variery-of South and Central Amer-
ica'and the purple-seeded Forastero variety of the Ama-
zon. The forimer type is the source of the original “fine”
cocoa which has almast disappearéd fram the market
because of its susceptibility to-disease, its lower produc-
tivity, and its replacement by the hardier, more prolifi
Forastero varieties-and their varietal crosses, whichnow
account for over 95% of the world production. Hence,
the followitig discussion refers primarily to the process-
irig-of Forastero cocod, _ -
Flowers are produced seasonally frosi cushions that
emerge on the bark of the wunk and stems. Fertilized
flowers bear frufe 170 -days from pollination, 4. period

during which the fruit grows to maturity and changes.

color from green or dark red-purpile to yellow, orange,
or ted, depending on the variety. The matute fruits-are
thick walled afid contain 30 to-40 beans, eachenveloped
in-a sweet, white, mucilaginous pulpand loosely attached
toan'axial placenta, ©nly the beans are used in chocolate
manufacruring, For the purpose of describing the curing
process, the bean may be envisaged as comprising two
thain paits, namely, the testa {seed coat) together with
theattached sugary, mucilaginous pulpdiatsurroonds it,
and the embiryo or the cotyledons contained within. The
mucilage, coptaining sugars and citric acid {58}, serves as
a substrate for microorganisms that are involved in the

natieal fermentation process; the cotyledons, referred to -

as the *aib™ in the cored bean, are used in chiocolate
manufacturing.

Processing begins with the harvesting-of healthy vipe
fruirs, an operation carried our over a period of 310

4 days ata frequency which varies according to the size of

the farm and yield. Fermentation is a batch-type process,
and harvesting is conducted to allow for the accumila-
tion of sufficient material for each barch while taking pre-
cautions that, in. the process, pods do nor overfipen and
the seeds within do not germinate. The pods age dsially
collected in piles in the field and broken open on site ox
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at the provessing plane (fermentary) avthoend of the hag.
vesting operation, The beans are removed manually or
miechanically on somie laiige estates in West Afritdn coun=
tries, Mexico, and Brazil; Where pod breaking and bean
extraction-are mechanized {35) Onge rémoved from the
pods, the seeds are aggregated in heapsor in-reveptacies
of vatious types and lefe to ferment for 4 period of 2 to
8 days, During thisitterval, mickoorganisms which dre
cransferied to the seeds from laborers” hands, fruit sur-
faces, and containers used in transpostand fermentation
degrade the cells of the:mucilage that surround the bean
(39). The collective micttbidl activity resulting from the
secideiital inocnilation by a multivude of microosganisins
is refetred to ds “fevinentation”™ ar “sweating,” This pio-
cess teselisin theliberagion.of puly julees from whigh al-
cohols and acids are produced with theevolationof heat.
During fermentation, concentrations of ethanol and lac-
tic-and acetic acids sequentially increase and decrease.
This can result in an excess.of acetic acid that remaing
at-the-end of fermientaticn {39} Together these factois
bring about changes snd affect the cuting of the bean.
The two principal objectives of fermentdtion are to z¢-

movemucilage, thus allowing-acration during fermenta~

tion of the beans and facilitating drying later on,-and to
provide the heat and aretic acid nocessary;to inhibit ger-

mination, which assures proper ciring of the bedns (31).

Methods of Fermientation

The manner-of fermenting cocoa varies considerably
fom country 1o country, and in many instunces,even ad-
jacent farms may adopr different ciiting methods. Much. .
effort has been made to standardize fermentation prac-
tices. Today, many of thé primitive methods such as fer

mentation 1n banand leaflined Holes in-the ground, in
derelict canoes, :anéd: in makeshift Banana sud bamiboo

frames are the exception rather thartthe-vule: I general,
large farmis with' adequate cocon fruit production will
fave permanent facilities specifically constructed for-this

purpose. In such indtances, fermentation is carried outin

batterivs of wooden or fiberglass boxes. However, fiost

wfthe world's cocoa iy-produced on small boidings un-

der very rural conditions; bere, relatively small volumes

ars produced and do not always merit-permanent: pro-

cessing Facilities: Tir this case; pocoa is ferrnented in any

convenienitreceptacle such asfruitboxes, baskets, plastic

buckets, or fertilizer bags, oi whini these ate ot readity

available, the beans are sirnply piled on a sheetand cov-

ered with any handy material. On the whole, howeves

the majoiity of the world’s cocoa is fermented on drying

platforms, in heaps covered with banana leaves, in bas-

kets, or in an assotement of wooden baxes (13,26, 50).
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Approximarely cie-half of the warld's crop. is fermented
insome type of box, and the reriwining half is fermented
in-heaps:or by using sther primitive methods.

Fermentation on Drying Platforms

Fermentation-ondrying platforms is'practiced inparts of

Central America where Criollo cocoa was-ohge.growa.

Wet cocoa beans are. s;}:ead difectly on diying placforms
where they ferment-and dry during the day and ase
heapedititopiles-eachnight to conserve heatand retard
the growth of surface molds. Griollo cocoa requires only

a sho;:t permd of fcrmen;atmrx {abeut 2 o 3 days} for

tation:time of § to: 8 days for the deveinpment ef flavar
(14). Although Criollo cocoa has been Targely. replaced
by Forastero hybrids in Central American countties, in
many instances; the old method-of fermentation still pés-
sists (46}, This practice preserves the firie flavor charac-
téristics of Criollo beans; however, it is inappropriate for
Forastero varieties, which reéquire longer fermentation
tinges for optimal flavor development: Fermeniing cocoa
on: the: drying ficor is-convenient, ‘bur anless properly

managed, the process tends to produce underfermented.

cocoawith the added danger of undesitable mold growth
and its consequences of off flavor development.

Fermentation in Heaps

Fermentation in heapsis-a poputar-method amengsmall-
holdingfarmers in Ghana and many other African cocod-
producing countries. It also has-been obsetved sporadi-
cally in the Amazon region of Byazil: This imethod does
not Tequire o permanent structirs aid is-well suited to
fapilly holdings with a small productim Jodging from
Ghanaian coeoa, fermentation in heaps can prodice
good-quality products. Varying quantities of cocod beans
from 2510 1,000 kg are heaped ini the field-on plantain
leaves-and covered with the'same material, The beans are
miiwed (tucned! periodically toensure even fermentation
and to décrease the porential for mold growth. This is
often done daily or every other day by forming another
heap. Mizing is labotions and-small Reaps sy hot be
turned 4t all. The duration of fermentation is from 4 to
7 days.

Fermentation in Baskets

Fermentation inbasketsis practiced privicipally by smiall-
scafe producers in Nigeria, the Amazon region, the
Philippines, and some parts of Ghana. Smalllors6fcocoa
are plited in woven baskets lined with plaatain leaves.
Thesurface is covered with plantain leaves and weighred
down, The arning procedure and ferrigntation process
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are similar to: thas used: for: smaii hcaps ‘Basgket formens
ratlon: 15 ofen uged when focoa: fefdiented in heaps is

vulnarabie t: prcdial larceny..

nient.over athar mcthnds 'I’_hxs batch pmcess reqmres Y
fixed volumie of €0coa. and he met:hc;d of chmcc on

apgroxlmately 1 by 1. by--i.m w;th cither fixed 4 St .m0V~
able intermal partitions: These Boxes: hold betwien-600
and 700 kg of freshly harvested {wet) cocoa beans, The
biox is aiways ralsed above gmuné level, over a drain

which carries away the pulp juices (sweatmgs} Tiberated
by the degradation of the micilage duting fermentadon.
The wooden floorof the box ger vy has holesvrspaces
between the boards or slats o facilitate drainage and et
ation. Swear boXes vty consxdembly in size from thar
ofa small fruir’box'(0.4 by 04 by 0.5 mj to'sopme mea-
suring 7 by § by T m, used on some Malaysian estates .
{24). Large estates-and ‘cooperativés often have bateée:
ies of 20 to 30 swear boxes arranged in tiers in three to
seven rows, one belowthe other to facilitate mixing or
turning, M;xmg is achieved by simply femoving a divid:
ing'wall 2nd: shovelmg the beans-intorhe next boxor in
thie case of thetier design, into.the box below. On some
Malaysian estates; boxes are: budt: o paliets, anid.a fork-
hft is used 0 transfe,r rhe Contents intg an em ty bex

a_ls_o in t_he ;yp,e of wood usc_:d in _thexr construction and -

‘i drainage and aeration methods and the:duration. of”
férmentation. The recommendation isto ferment a-1-nid

vehuefor 6ieo 7days with two to_three RIXIngS: durmg _
this period. In the inajority of ¢ ces Ay ;
within 10 cn of the fop; dnd the ‘surface is covered with
a padduig'of banana {eaves bf jute. sacking to help:retain
the héa’:’ aﬁé 'p'reve'rit’ the ﬁ;rface beans fmm drying

modxﬁmi I an agremipr 1. ovem:me problems such a4
acidity by varying the preferméntation treatmentand the
depth of beans in the sweat boxes (30). In: Ma%aysza, for

instaice, harvested cocoa pods are stored up to 15 days

before breaking 1o remove the ‘beans, or the beans may:
bie pressed-or prediied to reduce the pulp volume before
fermentation (4, 103

Fertiientation progess is assessed: by the adorand the
extechal and internal color chariges in the beans. When:
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the' process iz ;udged complete,the'beans are. éned inthe.

sufi-orin mechanical dbyers,

-M;cmbmingy of Cocoa Fermentaﬁen _
‘Permentation beging in : ;
maover from-the pocis, ag: they
vanety of m'

ots fcrmen‘catmn, insects; -aﬂd ban&na o plantam Tédves
{18, 19,26, 36; 39, 48,55} It 1§ the pulp surmundmg

the beaiis, not the cocoa beany: that undergoes micro--

bial fermentation. Chemical changes take place within
the-bean as aresult of the fermentation of the pulp; The
testa of the bean acts as 4 najural barrier between micro-
bia} ferimentition activities-outsitle the bean and chem-
ical resetions within the bean, Howevey thére is.a mi-
gration of ethanel; acetic acid; and water of microbial
origin front the outside to the inside of the bean. Af-
ter. the bean dies, soluble bean components. are feached
through-the skin dnd-lost in the drainings, The pulpdon-
sists of abuut 85% water, 2.7% pentosans, 0.7% su-
crose, 10% glucose and fructose, . 0.6% protein, (7%
acids, and 0.8% inorganic salts {21}, making i 2 rich
substrate for microbial growrh The conceitation of

sucrose, glucose; and fructose is influenced by the.age.

of the pod {56} _ _

The initial microbial populationis variable in number:
and typeshiowever, the Key groups active during fermen-
tation of bearis are yeasts, lactic acid bacreriz; and dcetie,
acid bacteria {28; 39,48, 61 (.,hmam: iom

influenice: tﬁesequenca of microrganisms lnvalved in the
fermentation (61): It iy theorized-that Bacillis species.

playan iinportant tole during che latter stages of the fer
mentation and become the dominant.group: durtiig dry-
ing {61), More research is needed to confirny this theory,
0ver 100 aex:oblc :sporc formmg bactena wete Lsc:iated

1cfennfiad Ay Eaczllxxs subtilis, B. Izcbemformxs, B, ﬁrmus,;

B. coagulans; B.. pumilus, B. macerans, B. polymyxa,
B. laterosporus, B, stearothermophilus, B. cireulyss,
B. pusteurii, B. nregateriin, B. brevis, and B. cerens:
B. subtilis, B. circulans, and B, lickesiformis. were éi-

gountered mote frequently than thi othier Bacillis species.

during fermentation (61).

Durmg fermientation; yeasts, lacticsaeid bactema, and
acetic acid bacteria develop-in suceession, Species of mi-
croorganisiis that have been detected “in eocoa dusing
fermentation in Ghanae, Malaysiz, and Belize are lisred
in Table 35.1. Avthe onset of fermentation;. 4 pH of 3.4
to 4.0, a sugar content of 10 to 12%, and a low oxygen

: Fbpn;:&xmmﬁmg

tenision favor the gwwth of ycasts (56 60} Yeasis :
the carbohydrates iri the pulp under:aerobic and anaero: | :

bic conditions and may form 40 to 65% of the microflora .

fermentation begiis (9,40}, The yeast-phase:’ L
; o0 48 h, during which populauons may se
to 90%. of the ‘total microflora. Yeast popnlanons have
been derermined in several § mvcstxgatlons (2817

dramage of juicesi {16, 48). Tn addition to mctabohzmg. X

roduce ethanol, yeasts utilize Citric acid, canse.
1}1‘1 o iricréase (48). All yeast spécies that cons
stnentation areigot present simultaneoush

step (am:atmn} and the fact that fermenting. bean massey

arenot:-homegeneous (28). Several. geitera of yeasts arg
irivolved in fermentation {Table 35:1): In one study (9)70f
the 142 yeast genera detecred. mfermemmg bean masses,.
105 weré asporogenoiis and 37 were AS60POTOgenoLs,
Between 48 and 72:h of fermentation, the' yeast popula<
tion begins:to ‘decreaseso that by day A, it is reduced €5
10% of the mtal mmmbml populauon (4} Ti:(rce factoz:s-

yeasts Fmst, ycasts ra;ndly mesaboiize sncrose,. g!ucase,.

-and fructose: in: the ‘pulp to -form carhon dioxide:and

ethianiol, causing a. reduction in energy source. Secosd;.
the production of ethariol pr{sduccs a to¥ic environment:
that suppresses yeast growth, Forexample; Schiivan-eral:

i 61} regomd thata decling i in the opuiatmn cf Kioeckemi '

greater than 4%..4 smail amount of heat is deveioped i
muitaneously with ethanol production (2), Third, aceric’
acid; which is produced from ethanol By the acetic scid,
bactena, is'also toxic to yeasts. The acetic adid conet-
tration ey reach Lo 2% (&) -

The anaercbic conditions created by }feasts miake the
enivitonment suitable for lacric acid bacteriz (403 Lac;

ti¢ acid bacteria prefer alow oxygen concentration o%if
‘oxygen is présent, a hlgh concentration of carbon diox-
vironment develops as the pulp col-
The- popuia».

ide [28): Suchian
.Eapses and the yeast gaopuianon decreas'

50) The lactxc add
served to reach: 1[)6

tota[ mlcroﬂor& aftez iy of fermantanen “Thedactic
aéid bactéria popilation temained high spro 3: days, at
which: time it ‘decregsed o less than 10% of the total
microflora {(40).

casts. pmduce varions pecunolytxc euzymes;

that .degrade the cocoa pulp,  thereby aiding. in  the
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Table 35:1 Mlicroorganisms iselated from fermenting cocoi beans

725

‘Countey

Microorganism Ghania?

Meiwm" . Belize

----- Lactdbiacilies plasitarsine
Lactobadilius riali-
Lactobacillus colfinoides

;Lactof;aa!l_ﬂs _c_ollm;)zdcg

- Tactobacillus plantarini
Tddtobacillus fermentuns
detobnct[ias brc'vss

Lactobacillis fériantum
Leucanﬂsmc paramesemarozdw
Lesiconuator osios.
Kcerle acid bacteria Acetobacter tincess. Aietobdctor vancens Acetbbatter SPp.
Abetobarter dsceridens Aretobacter {ovanersis Glicorabaiter by
Acetobucter sylinm Avetobacterylingm g
Ghliconobacter oxvdans Glupanobagter oxydans
Yeasts Candidnspyp. Candida spp.. Brettanotybes clanssenii’
Hansenals spp. Debaryoimyees spp. Candida spp.
Kloeckeraspp. Hanserinspiora sgp. Caididaboidisiii
Pichid spp, Hansenula spp. Candﬂia cocOa‘;
Saciharomyess spp. Kiloeckerd spp. i
Saocharomycopsisspp. Rhodotorula spp. Candida gutlfwrmomiu
Schizosaccharorwyces spp, Sdcchiaromyses spp.. Candids besiser
Toralopsisspp, Torukapsis spp. Candidareskanfii’
Kloecheraapis
Klodckerd javaricy

Bichia mmbmrxaefa £

Sc%&zosac::&mmmyces mr:{sa'emmm

* From Carr étal. {7).
85, S, Thonzpsonant [ Pléifer, anpabiished duts,

Both hoinofermentative and. heterofermentative Tac:
tic acid bacteria. veenr In cocos fermentations; how-
ever, the majority are homofermentative (61, Lactic
acid ‘bacteria detected ‘in tzaditional box: fermenitation
of cticoa beans in Brazil wereisolired and chiaracierized
as being Bomofermentative and héterifermentative, The
homofetmentative, species. included: Lactobacillis plas-
tarup, Lactobatillus casei; Lactobatillus delbrieckis,
Lactobacillus aéidophilus;. Pedivcocsus cerevisie, Pe-
divcoceus. geidilaetics, and Streptococcus {Lditosoceus)
lagtis. The heterofertiienrative species inchaded Len:
conostoc meseiteroides-and Lactobacillns. brevis {41}
Citric acid is megabolized either- to acetic acid; carbon
dioxide; and lacticdcid by-heterofermentative speciésor
to-acerylmethylearbingl and carbon dioxide by homofér

mentatwﬂ speues Lactlc acxd b&ctcr;a may be mon

Iarger than the yeast poyuiatmn (40) T}u; diffsrs fmm.
most other fcnncntaacns wbc:n-;: yeasts ate th& dommant"

zhe populazagn of acetie: acxci bacteria mcr::asea with -
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increased asration. The pobalation of dcetis adid bag-

teria generally reached 107 1o 10° CFU/g in'a typical
[ferméntation in Belize, Two genera of acetic acid bactes:

xia, Averobacter and Gluconobacer, have bee

- from: fermenting cocoa béans. Acewbaz:terspecm otehr

more fxcquent[y than (r!uconobac:ter spc:czes (6 ’7 39)

make ap 80 to 90% of the mtai mmmﬁexa aﬁ:ez 2 daysr

in fermentations in Trinidad {55, Aceric dcid bacteria
guidize echanol o aceic: acxd exothermaliy {25y causing

the temperature of the bean mass £ rise to 45 'to S0°Ci:

Turnisig che bears periodicafly facilitates oxidation ofthe
ethanol to acetic acid and conserves the high temperature
of the bean mass: When all of the ethanolis oxidized 1o
acetic-acid and then catban dioxide snd water, fermeny

tation subsides and the t_empera_mre of the bean mass:

deereases quickly.
Duiing the larer stages of fermentativn and while
drying, aerobic spore-forming Bacillus species. develop

and may become dominant {8, 35}, Bavillus species are.

present during the first 721 of the fermentation, butdur-

ing thisearly ‘stage, their: population: remains. constant:

Thcy become dominant faterin the fermentation; mak-
ingrup over 80% of the microbial population (60, 62).

Development of Bacilliis species in the bean mass is fa-

vored by increased aeration, an inereased pH (3.510'3.0)
ofthe pulp, and anincrease intemperatute to 45 10 56°C
(6, 39, 62)

Baaflus §pecige can produce séveral compounds that,

may coniribute to theacidity and off flavors of fermerited

cacoa. The Gy, Cs,and Gy freefattyacidsthat are present
in the bean mass dufing thie aerobic phase of fermenta-
tionfhay contéibiite to thedevelopment of some of the off

flavars of chocolate: (33, 44). The importance of Bacil-
lus species in cocoa bean fermentation is not well estab-
lished; but théy are feputed to produce acetic and lactic

acids,. 2,3-butaniédiol, @nd tewramethylpyrazine, which:

can affect.the flaver of chocolate (33,62, 731

& key factor that must be considered when deciding
on a fermentation scheme is-wheir to remove the beans
from their fermentation envitonment gid begin: dry:ng
Extendingthe fétmentation can restilein undesirable i
crabial activity, leading vo potrefaction.and the piodus-
tion of compounds.such as bueyric and valeric acids that
contribute to off Bavors {34). Forsyth-and Quesnel {13)
suggested thar the following factors may collecnvely in-
dicate when fermentation is optiminiy (i} éxternal colér
of the beans; (i) time schedule; (jii} decrease in temper-
ature; {iv) bean cut test-and the fiiternal color used as a
criteriong (.v]_ aroma of the fermenting mass; {vi) plump-
ing or swelling of the beans.

A more desirable messurementof optimum fermenta-

tion would'be & chemical:method thavis relatively rapid,

'Fcrmcatatwn e.f Socoa beanis: con{mues te be & “Haty-

thie.quality of chie chocolate (113, Ani

Foop FERMENTATIONS

mexpenswe, and easy m perform ané mtergret e haw: _

ral precess”, l'aowevcr, studaes havc bccn cnnductc'd o

20031), Candzda norbegensis (ATCC 22971), K. fmg»'

iis {ATCC 8601), and §; - eva!;en WELE evaluataé g
their. ability to increase the yield of the cocoa sweat-
ings: for use in the developmeiit: of products: such as.

~ soft drinks; jams, and. marmalades. These controlled-

fermentationy did not-have a negative effece on the
physicochemical properties of the cocoa sweatings or
seulumy cockeail”
consisting oF Sacchoromyies devevisiae var. chevaliers;
Lactobacillus lactis, Lactobasillis plaptariim, Acetobac-
ter aceti, and Gluconobacter oxydans subsp. suboxydans’
was successfully used to' produge an acceptable quality
chocn!ate {5 9} We ccmducted bench -top seedmg studxes-

tatioft stuéxes i BeExze. Th:: mzx;:ua:e comamed 11 mi-
crocaxgamsms ccnsmtmg of ycast& and_lacm: anci acetm:'

must. be rcm]ved to cicrﬁrmme whf:zher 4 starter cu!~

tire dpproach can-supplement or replace the traditional
fermentation.

B;ochemxstry of Cocoa Fermentation

deurs wxd‘un the cotoa: bean and: is pnmamiy thie
result of biochemical changes that take plive daring
fermentation and drying: The: mode of fermentation
and the: microbial environiment durmg these stages
of cocod producton provide the necessary conditions
for complex blochemical redctions to oeour Although
flavor compounds such 4y lactic and -dcetic acids -are
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produced external to. the bean. by microbial activity,
chocolate flavor development. is.largely dependent on
the erizymatic formation of Havor precursors within
the cotyledon that are uridue to cocod, Such classes
of compounds include free amino acids, peptides;
reducing. sirgars, and pr}iypheno]s When: fermienited
dried cocon beans contaiiiing these flavor’ precursors
aresubjected to: masnng during chocolate:manufacture,
a necessary step in favor development, a. smss of
complex nonenzymatic browning reactions: ocelrs

produce flavor and colored componnds charseteristic of

chocolate (23, 29, 51, 53, 54), However, if unfermented
cocoz beans lackmg these precursar. compcaunés ate
is, there’for.e__, 1mgoztant dhat thcs.e ﬂav&r precutmr
compounds. be formed ingide the cocoa beatr diiring
fermentation,

iitiation of fermeritation-also cortesponds fo an
incipient gebrmination:phase which is necessary for mo-
bilizdtion.of the enzymes and hydration of bean compo-
ments i preparation for: growth However, the germing-
tion phiase is-undesirable in cocoa beans used to. make
chocolate.

Bean Death.
Bean death is a eritical event during-cocoa fermenta-

tion ‘which allows the biochemical reactions responsi-

ble for flavor: development-to occur within. the cocna
bean. Althotgh rising remperatires and increasing acetic
acid- concenteations during fesimentation have been. im-
plicated in causing 'seed death {42), tuore recent data
(27} indicate that the production-of sthanol during the
anaerobic veast growth phase correlates very closely with
death of the seed. Fotal inability of the seed to germi-
nate gecues about 24 Y affer maXifim congentrations
of ethanol ate: atrameé within the cotylcdon {Fig, 35.1).
As a result, evetits dssociated with germination:andicer-
tain quality defects, e.g., the utilization: of valiable seed
components such as cocoa batter and the opening of the
testa by hypocotyl extension, will not occur, This pro-
duges-a more stable;-desirabléend product.

Frora flavor perspective, events assodiated with the
death of the séed also cause cellular membranes to leak
and permit enzymes:and substrates to.react’to forin fi-
vor precursor compounds important to'chooolate flavor
deveiepment Ativity of these etizymis in the catyledon
results Tn signibicant icredsés in free ariine aci atid e
ducing sugar contents {gliucose and frustose) (Fig. 35.1).
While:the temperature of the beans i inicreases, the cons
centration of organic acids increases, causing a decrease
in pH. All of these- factors influence the. biochemistry
withinrthe bean:and have an impacr ot cocog flavor and

aurality:

Temperature ("C} or Molsture (%]
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E)ays of Fermentation:{F} and Dving “(D)
Figure 33:1  Physical (A} and ¢Hemical £BY changesin cocoa
beatts during fermintationand dryingiin Belize: Fermigntation . .
was.conducted with:2,00015 of wet cocoa beans from tipe pods
inwWoodenbuxes that wite turned daily Dryingwas conducted
inflat-hed dryers indirserly-heared with hovair. Data represent
angverage of 11 férmentation widls using conzposite samples
collected daily: {A) Tempetature was measured.in: the whole -
bean:mass, Moisture (%) and pH analyses ate hased on shell-
fres: catylec[ons {B): Suc:ose, lugose 1Gle), fricrose (Fruch, ) &
toal amino acid, atkric acxd and éthanal: tontents (% ). were
determined by analysis of water extraées of shell-fiee cotyledon
samples. Daga from Letirian. {27)

Environmental Factgrs

There ‘are: several environmental :factors, viz, pH;
TCIMpPerature, afid moisture; in the fermenting mass that
influence cotos bean ehzyme reac:ncm& Each enzyme
has an optimin. pH at which it 18 most 4 :
swithin 4 defied fange; an: enizyte reaction |
CETLAIN AMOAT
Uow: enzymes and thmr

of meisture i necessary t
substrates:to react toiformip
in pH, remperatire; 4
fermengation and drym : : : _
influence the type and quansity of flaver precursp:
compounds produced by enzymatic dction.
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Maoisture content within thecotyledonduring fermen-
tation is usually more than 33% and will permis ‘ade-
guate migration of enzymesiand substratestor enzymatic
activity, However; oncethe drying process begisis, mivis-
" “ture content gradually decreases, making it ineredsingly
difficult for enzyimes and substrates: to resct, When.a
moisture conterit of ‘6 to 8% is achieved, virtually afl
enzyine activity ceases,

The pH of the unfermiented  cotyledon. is abud 6.5
and may-decrease to af low 45 4.5 by the end of the fer-
mettgEtion. This lowering of pHwecurs afterseed death
and is primarily-die to the dszus:on it the beahr. of
organic acids produced by lactic and acetic acid bacte-
ria, It.is the growth of these.and other microorganisms
that also-contributey 16 the ingreasing temperaruie of the
mass of fermenting beans: Typically, bean mass tesiper-
ature will tise from 25°C o about 50°C, followed by a
shight decrease as bacrerial growth subsides. Aninerease
i temperature of more than 20°C during fermentation
can havea profdund impacton enzymeactivicy, If very
little change in temperature. Occlrs; enzyme activity iy’
reduced; resulting in fewer flavor preciirsors and poor
chocolate flaver Likewise, if appropriate amounes of or:
ganic acids dre not produced during fermentation, the:
pH of the cotyledon will not:be suitable for optimalien-
zymeactivity; and the flavor profife of the resulting cocos
will 'be affected. Howevet, too much acid will produde
excessive sourness that.can mask the chocolate fAavoer

Congéqiiently, there is a delicits balance among the
length of fetmentation, énvironmental facrors, and mi-
crobial'activity tharinfluences enzyme activity withinthe
cotyledom. Mydrolytic and oxidative enzymes play a ma-
jor role in reactions that prodice flavor precunsors: A
summary of cocoa bcan enzymes, thexr substmtcs, and

H:m_s_en et ai have smdmd coc0a hean enzy_mcs and thm
activities difing the fermentation and drying process in
an effort tounderstand thicir impact omcoeox flavorand
quality {20},

' Foon FERMENTATIONS

Hydrolytic Enzyme Reactions
Hydxoiync enzynies such as invertase, glycosidases, and:
proteases have highest ‘activity: during ‘thie ‘dnaercbicy:,
phase of cocoa fermentation: The products of these .
gnzyime: activi durmg cocoa fermentation fafl info”
thiter Basic categories: gars; amino drids/peptides;uad
cyamdms. Sigars and amino. acids/peptides participrite:
in ngnenzymanc broy nmg'reacnons dumng rodsting 1o
form important dhocolate flavor precitsors; whereas the
eyaniding hive moreof an impaction color development
gtid some minge ﬁavor componemfs :

Sucrose is the niajor’ sugar o’ unferme:med cotoz
bezms Aeis not'a :educmg sugar a,nd therefom;docs not

tratmns increase almost thfee foi& durm_g_ffe_rmemat;on,
whiile sucrose is depleted:(Fig..35:3).
Anather ciass of h}rcimlym enzymes wx!:hm th& fela

ing fermentation is the. giycaszdascs* ’I"hs subscrates for
these EDZYIES dre: the:purplescolored anthoeyaning Jo-
cated in speciatized vacuolesswithin the cotyledan and

. are responsible for the charagteristic deep purple color

of the unfesmented bean, The actions of specific glycosi=
dase enzymies begin ac seed death and are responsible for
cleaving the sugar moieties, galactose; and azabinose:ar
tached to the anthocyanins, This resitlis in a bléaching
of the purple color of the beans a5 well asithe release of
reduc:mg sugars-that-can participate i flavor precursor
reactions. during roasting: {12}, Pigtments: themselves:do
not carry any flavor potential 112,:33, 49) Cocoa bedns
thatstill c:emam ssgmﬁcam pm'plc Qoicn' Ak cnnszdered
Although- there are: smali amountsof free aming ac‘xda
presentin unfermented cocoa beans, the total free arhing

Table 35.2- Characteristics of the peingipal enzymes active:during the curing of'the codoa-bean®

Enzyme Location Substrate Prodact pH. Temp G Referencels)
Invertase Testa Sucrose Glucoseand fructose 4.0 52 k2
525 37
Glycosidases Béan Glycosides{3-f-o-galactondyl Cysnidin and sugars.. 38435 43 1z
{Begalactosidase} eyanidin antd 3-w-t-arabinosidyl
cyanidin
Proteases Bean Protéins. Peptides-and 47 - 5% 5,43
armino dcids
Polyphenol oxidases Bean. Polyphenols fepieateching a-GQuinones 540 31:5, 345 45.

and-o -difiisiones

“Infornurion. tiken. from Lopez {3an




35, CoOcoA-AND. Cc)fﬁﬁﬁ

acid pool increases significantly doring fermentation due
to the action of both endo: znd exoproteases by co-
coa Bean proteins. After seed death ooours; these proe-
olyticernzyies are fresto act'on profein substrates within
the beain, and their activity becomes dependeart on.pH
and temperature, A vicilin-like globular storage protein
within the cotyledon is the primary target ofthese prote-
olytic enzyires; and tatios of free amino-acids and pep-
tides that are unigue’to cocoa are produced (70} These
flavor precursor compounds contiibute 1o the develop-
ment of cocoa flavor when roasted in the presence of
reducing sugars.

Oxidative Enzyme Reactions

Significant oxidative enzyme activity also- accurs, being
mest prcvalent lite in the aerobic phase of fermentatioi
birt continuing well into the drying of cocoa. Polyphenol
oxidaseis themaior oxidase in cocon and s résponsible
for much of the brown:color that otcurs:during fermen-
tation as-well as some flavor modifications. This-enzyme
becornes active during the aerobic phase of the fermen-
tation 4 a result of oxygen pereneating the corpledon.
Events thatcontribute to activity include seed death, siib-
sequent breakdown of gellular membranes, reducnon in
the amount-of seed:pulp, and aeration of the Hean 'mass
by agitation. Oxygen continues to peneirate the beans
during the drymg pProcess; enablmg polyphenol oxidase
activity‘to continue until rising temperatures and insuf-
ficiest moisture become inhibiting factors.

Catechins and leucocyanidins aré the majot classes of
polyphenolsthatare subjectio oxidation in cocoa beans.
Epicatechin makes uptuore than 90% of the total cate-
chinfraction and is the majorsubstrate of polyphenol ox-

idase (17). Oxidadion of eplcatechm during the gerobic.
phase of ferentation and drving is largely responsible:

for the charactéristic brown color of fermented cocoa

bzans. Polyphenols in the dihydroxy configuration dre.

- oxidized to. form ‘quinones which in turn can polymer-
ize with other polyphenols or complex-with amincacids

and high-molecular-weight insolublé material: This com-

and proteins to yield characteristic colored compourids.

plexation alse has-an impact on flavor. The formation of
+these less soluble polyphenolic complexes reducesastrin--
gericy and Bitterness associared with native polyphenols.

present in-unfermented cocod (14, 47), Tn-addition, the
ability of polyphenols to complex with proteins Fesults in
the reduction of off favors associated with the roaiting
of peptide and protein matesial (22, 71).

Flavor and Quality Iniplications

“The ultimate goal of biochemical changes during fermen-
tation isto proiim:e cocoabeanswith destrable flavor and
color characteristics. Good .chocolate flavor potential

729

_' the aotion ef proteasas' .
substrates, Pfoper cone -

rcasonabie ieveis to minimize soitr and pumd off fia-
vors white still developing the pHeand temperature en-
.vsmnment for enzyme~substratc react:ons thax producc

produces the desicable: brosin color: rypxcal of properiy
fermented cocoa bedns. The drying: processwill then pre-
setve the flavor and.color characteristics of the ‘beans
until they are made into chocolate.

Aithough cocoz has been succe:ssfuily produced for
centiuties, flavor chatdcteristics of spccaﬁc varieties of
cocoa are: becoming diluted due to-the prevatence of
genetic hybrids. While these hybrids are- beittg selected
for high crop yield and disedse resistante; cersain favor
attributes are being lost, The acrudl identity of ‘the Ha-

vt précursots résponsible for chocolate flavor-has not

yet besn confirmed. Hoever, recent work has fodiged
on.characterizing cocoa bean enzymes. and proteins that

~ yield breakdown products unique-to cocos duting the:

fermentation process {69). This work needs to-continue-
in: ordetr to understand flavor development and main-
tain the Bigh quality of chocplae favor the consumer
EXPECTS:

Drying

After the bieans are feemgnted, they havea moisture con-
tent-of abour4l to 50%, which must be réduced to'6:ta
8% forsafe storage. A higher finalmaoisture.congent witl
resaltin mold growth during storage. The drying progess
relies on dir moveinent to remove water. ‘T i
mient - favors derobic mitroorganisms which proliferate.

at.ratés that decréage with moisture loss. Sun drying is

the preferred method, but in regions where hafvesting
coincides with frequent rainfall, some form of artificial
deyingis necessary and desirable, I general, san deying
is employed on small farm}; whereas farge estates may
resorteo both naturai and amﬁm. ﬁ érymg Sun &rymg al -

during=£ermmtation..

During sun drying; beansareplacedon wooden:plac-
forms, mats, polypropylene shieets, or concrers: flooks.
in layets rangidg from S to 7 em thick. The beans ate
constanitly mixed to promote uniform: deying, to-break
agglomerates that may form,: and' to discourage. mold.
growth. Under sunny conditions; the'beans diy in about:
a week; bit under clondy or rainy copditions; drying
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times may be prolonged to 3or 4 weeks, increasing the

riskiof mold development and. spmiage
Lo Marious: types: of. drdificial ‘deyir
the dependence on. wearher conditions have been
descnbediby McDoitald et al: (37, Hot aif dryers of one

form -or another, foeled by wood ‘o il as:zsource-of

cheap, readily availiblé.energy; are generally employed.
The beans may. be: heated by dxrect contact wit _' the

eoriy mamtamad heatmg systems present the danger
of contamination with smoke which results if shoky
or hammy off:-flavers characteristic of beans from some
countries. Platforms, trays, #nd rotary diyersof various
designs; cotipled to fiirhaces, are used, bt i eveey -
stance, theiniaal dryingviost beslow and with frequent
* miiking to gbtain uniform removal.of water, This results
in- volatilization of acids and sufficient time for oxida-
tive, biochensical reactions to eccur For this reason,
remperatiires: should not-exceed 60°C and drying tinds
should take at least 48 h. Elevated temperarires also
tend to prodiice cocoa with britle shells and cotyledons
- which erumble during hendling. In shorr, the drying rate
should be:controlled soas to remove moisture at a rate
that will avoid case hardening (rapid-dying on the bean
surface with myisture retention insidé the bean) or &x-
cessive mold groweh, while still allowing sufficient fime
for biochemical oxidative reactions and loss of acid to
OCCIL,

Storage

Die to marketing practices and manufacturing proce-

dures; fermented, cured; died bedssare stored for peri-

ods of 30 12 months inwaréhoses on farms, at wharfs

in exporting sad recefving countries, and at factories be-
: fom bamg pxocessed into chocolata The efﬁcxency of the

Umﬁormiy d:scé bcans w;th 4 mcktate ccmtent of 7’ to
8%, when stoted at arelative humidity 6f 65 16,70 %, will
generally maintzinthat moisture, resist mold growth-and
insect. infestation, and not require repeated famigation.

Thecocoa quality can change during storage depending

oo temperature, relative humidity, and ventilation condi-
tions. Slow oxidation and acid Joss contine 1o enhance
produst quality sémewhat, but prolonged storage residlts
in a noticgable staling (31,

COFFEE PROCESSING.

Coffee beans may-also undergo a fermentation step to
prepare the fruit for commercial use’(3, 8;.66). Lile co-
coa, the fermentation of coffee hay the important goai

nployed 10 over- -

FOoD PRRMENTATIONS

of breaicmg dawn the- pulp 1ayer suzroundmg the beans.. .

berry apprommat&ly the size'a

It mkes appmxxmateiy 1 )
zeach matunty As .t.he .f.nut tipens;itich
grec.rs 1o chﬁrry red The r:p red: coff_

dosed in an om:f:r sicm It is- necessary m'ﬁrst ‘Tenbve
the auter sicm and pulp Lm:r £ obtam the. grccn mffc,e:

. step
'washed roffee Thc pemz:nf y'ie'ld of dfied coffee from
ripe cherries varies among species: Arabica produces 12
t0 18%, Robusta produces 17 1022 %, and Liberica pro-
duices about: 10%,

Natural Coffee -
The *natural” drying process relies on partial dehydea-
tion of the: pulp layer-while'the coffee frnit is ripening on
the tree, The ripe fruit is: then: harvested. and sub}actcd
roadditional drvite, and the dried pulp i eer
skin are removed by hulling: Some mucilages

1 3;S¢ne.-

trate the cotfee bean dusing drying, and for this reason,
the natural process produces a light-brownscolored Bean
mstead 0f the biuc-gn:m cator of wac—pmcessed s:e;ifce

fcrmentatzon éunng the mmal Stages whu_:h c_an resuir
in reduiced product quality. Molds that siay develop on
stowly drying cofféecan produce off flavors-typical of o
butyric fermentation, Coffeeds dried to a moisture cons
tent below 13%.

Washed Coffee

The wet process is accomphahed by Hagvestingripecoffer
fruit and immediately rémoving the majority ofpulpby
mechanical squeezing or depulping his | i faiic&wed by
a fermentation step which is ertittie
ing mucilage to wates-sol .
moved by washing. In genéral, wooden orconcrete bu:zs-
are used for this fermesitation step. The white, - sticky;
pardally depitlped beangare held under water for 12 to
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&0 b, dépendingon enwmnmentai conéitmns, ipe

of the cherties, and the variety being prc)cessed Mic

bial by-products-are periodically washed
the fermentation stép toavoid the deve

sive off lavors: Once the sticky pulp fayer is con ertedto

witer-solisble products, the beans are washed with water

and deied to 4-mdisture content of abour 12%,

Mictobiology-and Biochemistry
of Coffee Fermentation
A gtated above, the:purpose of fermcm:anon is'removal

of the muc:lage frem arouné the seed A naturai fermcn— ;

is: the pnmary method used. to rémove the mu:::}age

Three nonmicrobial methods, namely, the addition.of

enzymes; chemical treatment. {sodiuny hydroxide), and
mechanical force, may also b isedto remove: mucxiage

(25). Howeves; oiily the natural fermentarion used inthe
wet process to- produce washed coffee will be discussed. .

Cofferis genera].ly fermented in wooden or concrete

eanks. Mucilage is easily metabolized. by most of the

microorganisms- chiat have been idemified in coffee for-
mihtation studies: Mucilage is composed of pectin, pec:
ti¢ acids, Feducing sugars, SUcrose,: caffemc_, chlorogenic
acid, amino acids, atd hydrolytic and oxidative'enzymes
(25).

Many -coffee fermentation studies have been con-
ducted overthe years, but researchers doinot-agree on

which microorganism(s) is responsible for digestion of

die- mucdage Howevet, there is agreement that several
microorganising. ate prcsen: duting the fermentation.

Molds, yeasts, severalspecies of lactic acid bacreria, dgil-

iforms; dnd other gram—ncgame bacteria have been iso-

lated. Thése microorgarisms-originate frony'the surface:

of the fruje and thesoil (1, 15,67
Since the mucilage composmon cotigists fargely-of pec-

tic substances {23), the microsrgaiisms respozlsi}ﬂe for

colonization and utilization. of this matérial miust be ¢d-
-pable of producing pectinases. Coffee fermentation stud-
ieshave demonstrated thacthe highest microbial dedviry
occuits diring the fiest 12.to 24 hiafter the beans are har-

vested {68). Most ofithe microorganisms detected during:
this early stage belong to the generd Aerobacter (Enter-

obacter’ and Escherichia, Populations of these bacteria

tnctease from 107 to 10% CFU/g during that fiese 24+h.

period. Pectinolytic species of Bacillus, Fusariwm, Peni-

cillign, dnd Aspefgrllus have also been-detected, Only:
a few yeast species have been identified. Fermentation

studies conducted .on Kona coffés beans-demonstrated
that Erivinia dissolvens was the main-cause of mucilage
decomposition {15),
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te 3-:7 (1 . 38} Low ieveis of ethano,l l::ave been ‘e

—r

ariagrobic: férmenmncn conchtlons (25 i :
Duratzon ofa namrai fermensanon w1il dcpend en ch—

temmainiig muc:lage i femoved: washmg Washmg the

‘Hennsivrequired to avoid gxcessive. fermcmatmn andien-

hance the-deying process:

CONCLUSIGN

Although setving. somewhat d!ffe:mt Purposes, micro-
bial fermentation plays a critical role dn the. production
of beth socon and coffee A comman gaai of fcrmen- :

removal of fruit pulp, “This' process: a:ds gicy thf: proper-
deyibig of coffee and, in'the case of cocoay provides a st
able enviroament for flavor and color dévelopment. Agin
riost nateral curing processes, there is a delicate balance
berweén environmenta} factors and conditions enabling
iniceobial activisiés, all of which influence the bitchem:
ical changes that take place in: pmcessed foods, Coffée
and cocoa-dré oo excepnons, ard it ig the proper: contmi
of the fermentation process that ldrgely déterimines the
colorand flavor quality. f final products: Consequently,
understanding the microbiology.and: bicchemistry of co-
coa and colfes produczmn, as well as the factors that .
influence them, i ¢ritical 1o quality control,
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