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4.1 Introduction

Fermented foods and beverages are produced as a result of the activities of micro-
organisms, principally yeasts, molds, and bacteria. Fungi (yeasts and molds) play a
major role in traditional fermented foods that have long histories. Today, some of
these fermented products have achieved industrial development and are produced
on a large scale as a result of the application of modern technology, automation in
production engineering, and biotechnology in the genetic manipulation of func-
tional yeasts and molds. Yeasts play vital roles in the production of many traditional

TABLE 4.1

Main Functional Properties of Fungi in Fermented Foods

Genera Species Functional Properties
Fungi
Zygomycetes
Actinomucor A. elegans, A. taiwanesis Production of enzymes:
Amylomyces A. rouxii Carbohydrases—oa-amylase,
Mucor M. circinelloides, M. rouxii, amyloglucosidase, maltase,
M. indicus invertase, pectinase,
Rhizopus R. microsporus var. chinensis, B-galactosidase, cellulase,
R. oligosporus, R. oryzae, hemi-cellulase, and pentosan-
R. stolonifer degrading enzymes; acid and
Ascomycetes alkgline Plfoteases; lipa:ses;
Monascus M. purpureus, M. ruber, M. anka antl—nutrltlonz.\l propertlevs, .
e.g., degradation of phytic acid,
Neurospora N. sitophila, N. intermedia thus improving bioavailability
Aspergillus A. oryzae, A. sojae, A. glaucus, of minerals
A. melleus, A. repens, A. candidus,
A. tamarii, A. usamii, A. niger
Eurotiomycetes
Penicillium P. glaucus, P. roqueforti
Basidiomycetes
Ustilago U. maydis
Yeasts
Brettanomyces B. anomalus Production of amylolytic
Candida C. javanica, C. famata enzymes, ethanol, aldehydes,
Geotrichum G. candidum isobutanol, isoamyl alcohol,
Hansenula H. anomala esters, fusel oils, flavors
Pichia P burtonii compounds, 4-hydroxy-2 (or
5)-ethyl-5 (or 2)-methyl-3(2H)-
Rhodotorula Rh. glutinis furanone (HEMF), phenolic
Saccharontycopsis Sm. fibuliger compounds—4-ethylguaiacol
Saccharomyces S. cerevisiae, S. dairensis, and 4-ethylphenol contribute to
S. globosus, S. kluyveri, S. saké aroma
Torulopsis Tor. versatilis
Trichosporon Tr. Pullulans
Zygosaccharomyces  Zygos. rouxii, Zygos. sojae.

Source: Adapted from

Nout, M.JR. and Aidoo, K.E., Asian fungal fermented food, in
The Mycota, ed. Osiewacz, H.D., Springer-Verlag, New York, 2002, pp. 23-47.
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fermented foods and beverages across the world (Aidoo et al. 2006) that signify the
food culture of the regions and the community (Tamang and Fleet 2009). About
21 major genera with several species of functional yeasts have been reported from fer-
mented foods and beverages that include Brettanomyces (its perfect stage, Dekkera),
Candida, Cryptococcus, Debaryomyces, Galactomyces, Geotrichum, Hansenula,
Hanseniaspora (its asexual counterpart Kloeckera), Hyphopichia, Kluyveromyces,
Metschnikowia, Pichia, Rhodotorula, Saccharomyces, Saccharomycodes, Sac-
charomycopsis, Schizosaccharomyces, Torulopsis, Trichosporon, Yarrowia, and
Zygosaccharomyces (Kurtzman and Fell 1998, Pretorius 2000, Romano et al. 2006,
Tamang and Fleet 2009). Molds in fermented foods and beverages are relatively lim-
ited, and include the genera Actinomucor, Mucor, Rhizopus, Amylomyces, Monascus,
Neurospora, Aspergillus, and Penicillium (Hesseltine 1983, 1991, Samson 1993, Nout
and Aidoo 2002).

This chapter deals with the main functional yeasts and molds in some of the major
fermented foods of the world. Some of the benefits and problems associated with
fungal fermented food are also discussed. The major functional properties of yeasts
and molds in fermented foods are summarized in Table 4.1. Fermented foods and
beverages of the world and their respective functional yeasts and molds are presented
in Table 4.2.

.|
4.2 Functional Roles of Yeasts and Molds
in Fermented Foods of the World

4.2.1 Fermented Foods of Asian Origin
4.2.1.1 Furu

Furu, also known as sufu, is a flavor-rich Chinese fermented soybean product
(Figure 4.1) (Han et al. 2001). According to the region and local preferences, there are
different shapes, colors, and flavors of furu. The principle of preparation is as follows:
first, soymilk is made by soaking, grinding, and extracting soybeans; next, the soy
protein is coagulated by the addition of salt, and the resulting tofu is collected and
pressed to a sheet of firm consistency. Tofu is cut into dices that are spray-inoculated
with fungal spores (Actinomucor elegans and/or A. taiwanensis) and incubated at
about 20°C-25°C to allow profuse mycelial growth (pehtze); the pehtze is matured
during several months in brine that also contains coloring, spices, etc. The final prod-
uct has a soft, spreadable consistency. It contains high levels of free amino acids,
particularly glutamic acid (Han et al. 2004), and free fatty acids, and it is a very
popular item at the breakfast table to go with rice, vegetables, etc. The key function
of Actinomucor is its production of proteolytic and lipolytic enzymes. Studies on the
modifications of soy protein before and during maturation have shown that at an early
stage, the large protein molecules are decomposed to oligopeptides, followed by the
gradual release of peptides, free amino acids, and nitrogenous degradation products
such as NH;. The optimum temperature for the production of extracellular enzymes
by Actinomucor is 25°C; thus the production of furu during hot summers is prob-
lematic. It was found that “tropical” molds such as Rhizopus spp. can be used in the
production of an acceptable furu as an alternative (Han et al. 2003).



Fermented Foods and Beverages of the World

130

uoneoyLeydoes ay) juswa[ddns

Kew ppp1q)3 ) pue ‘vpuoun o “dds
40onp ‘uononpoid [ouByld J0J 950N 0T
syoqIut 193uy Jo yoreys Junyeaiq ‘rueel Jo
uoneIuaULIRY Ay ur ssedo1d uonoejenbiy oy
pue uonedyLeyodes ur ool Jofew e Aerd *dds

(900 “¥000) sndoznyyy pue p4251nqy g tuoNEIUSULIY

Suewre], pue edey], 10 19)IB)S PAXIUL S PAsn SI DYDY
ones Kos pue
‘SQUIM Q01T “'S°9 ‘JO SUOTBIUAULIRJ JOF

(6861) ewIysmng 19118)S YOLI-OWAZUD Uk Sk pasn st 2oy

UOTIBIUSULIdY OI[OYO0d[8 FUINSUD J0J 2509n[3
sop1aoid asepisoon[3ojAwe Jurpei3op-yoIels
(Kyriqusasip
paaoxdur ‘FuruaAe]) ses ‘10Ae[]

(L00?) Te 32 SunQ

(L00D) 'Te 12 MON

(3] uroorUOW) SUTEI)S [RIOYOUA] [I[Eay pue

(2007) oop1y pue InoN Joaep ‘(syuowSid) s)ueIO[09-01q SIINPOIJ
Kyanoe
[eeoyreIp-njue ‘A1qusaSip soaoxdwr
uonepeIsop dneWAZUD ‘SuoneIyIpouwt

(S00T) SIoT] pue INON QUOARJOSI ‘IOAR] ‘SSBWOI] [BI[QIAW J[qIPH
AINX9)
su)jos pue ‘sproe ourwre pue sopndad ojur

(1002) & 12 uey surajoxd Aos sayipouwr A11A10R d1K[09)01]

syo[Iw 1o3ur
sueaqhos

‘reaym ‘ory

90Ty
vp weid
3oe[q pue 291y

2oy

sueaqAos payoo)

pInd ueaqhog

Auvpl 0y opoy]

(19110)8) 10y
(1911818
UONBIUSULIDY)

Yo 13DY

npi

(ypySup) oo 1oy poy

adwag

nang

(N stsuauayd -y

‘saprojjauidad W “(X) v4231nqy uig
‘DIDAGD]S ") aDIS1A2L2D S ‘DIDUIOUD

(N) 4231 "y ‘avlos "y ‘av2L40 'y

‘(R) avlos 508Kz ‘11xnou s03z
‘QYDS *§ ‘SUDSLIA “LL], ‘DIDWOUD “Ff

(W) txmou -y
(R) tuopng “[ ‘v1281nqy uig
(&) syuvs12a 14

ssuppnpnd 4 ‘voruvavl ")

(N) snaandund

(IN) sn1odso8110 Y “(R) S1suadivp -

(IN) supsaja 'y
uI3LIO UBISY JO SPOOJ PAJUSULId

SIIUIYY uonejuduLId g jo yeduy

[OILEIER L /I

poojq

(JAD SPIOINl Pue (X) s)seax

PHOA 9Y3 JO SPOO,] PAIUULI] UI SP[OJA] PUB SISBOX [BUOIIOUN,] dWOS

¢'v 319Vl



131

Functional Yeasts and Molds in Fermented Foods and Beverages

(panunuod)

(9L007) "Te 10 opoLe]

(6661 “¥661)
‘Te 10 ueSmoyunoy

(8861) 'Te 10 QUN[ASSOH

(T661) snenjuralg

(z661) 0opry

(0661)
BINWIYO[) pue IezZoy

(9002)
edey], pue Suewe],

Jyauaq [eUONLIINU puE
‘UOTIRULIO} JOAR[J ‘UOTIBIUSULISJ O[O0

(gVv7) LRI pIoR Onoe| Jo
Uone[NWIS ‘UOTILIINU ‘UOTJRULIO] JOAR]

SpO0J O1[0Y0d[e
INOS/J99MS ‘UOTIBIUSULISJ OT[OYOI[Y

AN[eA [RUONLINNU “IOARY ‘QINJXJT,

JOAR[J 9YI[-9599Y))
IOAR[J SYI[-9893Y)D)

Anpiqnsasdip paaorduy
spunodwoo 10Aep
‘UOTJEJUQULIQJ OI[OYOI[E ‘SISA[OIPAY yoIelS

uoneredaid Jueel neeyq
Ul UOTJBULIO) BWOIE UT OS[e pue ‘uononpoid
[OYOO[k 10J 9500N[T OJUT SABSANS JO YoIe)s
Sunyea1q ‘9011 snounni3 jo uonoejonbiy pue
UOTIBOYLIBYOOBS UT SIINQLIUOD DLSyNqL "wg

wnysI1oS

ZIRIN

001 p[im ‘1o3urd
9011 snounnio

ed 20U
POWED)S PAUIALY]
ysy ‘eara)
sdwnys 0oy

LYA1) I

2oy

ooy

nomoynoydy ‘ong

2uvpy

JIoyre)s poqng

omg
3vjpp Suoing
(uodry Suoung)
ovpq ovpg
wmndoy-vluvvy
s . LODJ

A&ndpy,

aupvl novyg

(R) 2quiod s2211040Y20DS021Y0S
‘ap1s142.420 °§ “dds saokworaadnyy
WNIDAN DLOASDIUISUDE]

(R) 2p185142.420 °§

SNUDIXADUL Y ‘DIDAGD]S ") ALY D)
(12510 DPIPUD))) SYDIUILIO |

ur31I0 UBDLIJY JO SPOOJ POIUSULID]

(R) pppwioup [ ‘1xnod °y ‘viasynqiyf
ws ‘(IN) “dds sndoziyy ‘av2£10 'y

(R) V18142420 °§

(R) V185142420 °§
(R) V18142420 °§

(R) V15142420 °§
(R) wnoruuaf uJ ‘sisojisdpavd -
‘Nnuasuvy " ‘smyns Yy ‘v1a3ynqy wg
uISLIO UBISE[ENSNY JO SPOOJ PAIUSULID]

(IN) 121101038 "y ‘S1SUUIYD "y

‘Sypwany " ‘Sap1ojauIdLL0 W

(R) vIDAGD]E ) pUR SNUDPAD] *S

‘aVIS142.420 *§ “1MUOLING  ‘D]PUOUD J
‘suvpnsdpd s ‘vaadynqgy uwg



Fermented Foods and Beverages of the World

132

spunodwod

soSesnes

(R) tuasuvy “q ‘(W) 1142quiauind

(4661) INON JoARp ‘sanianoe onAjodif pue onAoaoid JBIN pauadLl pjouwr 9ov}Ing ‘WnuaSosiyd J ‘asuaao1sipu g
(R) viownf )
spunodwoo ‘nuasuny “q ‘(ON) B42quaUDI
(8007) 'T® 12 dpeipuy JoARf ‘sanianoe onAjodiy pue onA[oaoid ylod wey pAjuduId] WNUISOSKAYD  ‘aSU20018DU
(£007) ToPAM-UDI[YQL]
‘(0002) 1MON “(0007) PIo®B JLIID 10 O1OR[ JO UOnRZI[NN (R) wnoupind "L, ‘140an1qjap 1o,
‘e 9 sisiurg ‘(L661) ‘spunodwod Joaey ‘sopndad 1911q JRquawe)) aDIS14242D °§ ‘SNUDIXADUW "y ‘S1IIDSLIA
‘Te 10 1319qny (0661) JO umopyeaIq ‘uoneInjew 0} SAINQLIUOD ‘pauroa-an[q ‘D) ‘nuasuvy “(q WnNppupd "0
aIssng pue 19[S Knanoe onAjodiy ‘Aianoe onkjojoig Pand A “10jonboy—asoay) (IN) B12quidund o ‘ui0fonbos g
SIUALINUOIDIU PUB -OIoRW (IN) 12511 ) ‘105108
(1L61) T8 19 eIRYISNS ‘JoA®p ‘sproe J1uesIQ 9K ‘yeayp y3nopinog DIY1d ‘avIS142.420 *§ ‘1uljoy sisdojniof
u13uo ueadoing JO SPOOJ PAIUSULID]
(800¢ (vuvyrmput 7)
L007) ‘Te 30 eSueAN UOIBULIOJ JOARY ‘UONRIUSULIQJ JI[OYOI[Y NeseA nseyoey| (R) S1IDJU1LO °[ PUR IDISIAAID °
(€007) ‘T8 10 uRIn qVv1 Jo uonenuuns ‘I0Ae[] [T moD) 1sDUY (R) av1upiisn] viodsiap])
(8002) (X) -dds
9[0MK( pUE 9[eM0qOS qVv1Jo uone[nuins ‘uonLnnu ‘I0AB[ BARSSED) nfin,g §20U01DYIIVS037 ‘Dpuioun g
SIDUIIYY UONBJUIWLII] Jo 3oeduuy (S))uURIPAIuU] U\l pooy (D) SPIOIA Pu® (X) SIseax

PHOA\ 9Y3 JO SPOO,] PAIUSULI] UI SP[OJA] PUB SISBOX [BUOIIOUN,] QWOS

(panunuod) 7'y 319vL



133

Functional Yeasts and Molds in Fermented Foods and Beverages

(S661) 'Te 19 9pIoATeA

(1661) "Te 30 oftury
(€007) IMON
(S661) 'Te 10 epremN

(L00T) T8 19 wepy

(2007) oopry pue
INON ‘(9661) Snenjurals

(£007) 10pAM-UoIYQL]
‘(1661) AS[0I0]
‘(6961) 2IQIATY BT

(£002) 'T& 10 dojeoouan
(L00D) 'Te 10
IwspzQ “(S00T) PUNH

(D142 52)2Y) WNIRIAW [eSuny 9[qIpg

QoIn[ oueore3ns ur

PIOE O1J90E PUE [OYOJ[E JO SAJBI) ‘PIOE J1)or]
‘sed (0D 2onpoid 0) UOT)BIUSULID) PAXTIA
UONBULIOJ JOARY ‘UOTIRIUSULIDY OI[OYOI[Y
98e10A2q INOS

JOABY ‘@IM)x9) ‘SISK[OIPAY yore1s
JueIS[OIUT

950)0B[ 21k OYM 9SO1]} JOJ UOTIINNU JO 20INOS
"pIoE JLNID
10 O130€[ JO UONBZI[NN ‘SWSIURIIO0IdTUT
u2aM)aq s1so1quiAs ajowold osfe

SISeaA ‘ewoIe pue JoAe AIsedk ‘proe dieys

spunodwod

JoARf ‘sanianoe onAkjodi] pue onkjoaoig
Aniqnsasip

PaAoIdwI U ‘SUTWEIIA ‘STRISUTIAL

azreur jo

$QO9 1SAATRYI]
si1seak pue gy
SurppequIa-uenxap
Jo Sunsisuod

Qeo[S01qOIDTIN

*dds 2av3y jo 2omf

QZTew POZI[EWEIXIN

INO JBAYM

AN

uress 4oy NN

Suruoseas
‘quie oo

JnySoA
IOy 1Y

Qyo0oEINH

(19)1e38) Ssures 1qif
anbmg
10204

uppN

ssnumy

A2y

ynong

puvyin],

(W) stpdous )
(A) (218142420 °§
‘DSOUISDIIONUL DINLOJOPOYY ‘SNPIGID
§1220203dK1D) ‘SUODiUDIQUIZW
“UPUOULIZNING  “DIPUIOUD DADYYI(]
(R) sirqout 7 *avis142420 °g
(A) wnaupmd 14y “dds vpipun)
UISLIO UBDLISWY UM JO SPOOJ PAUAULID]

(R) Maadnpy “§ ap1s14249D °§

(R) snppuwoup g ‘snsoqoys °§

(R) V18142420 *§ ‘SNUDIXADUL *)]
(R) prownf )
‘nuasuny @ ‘(N) B42quaUDI
UNUaS0SK1Yd  ‘asu24018pu g

(R) 2018142420 °§

ur31I0 Jseq S[PPIAL JO SPOOJ PAIUSULID]



134 Fermented Foods and Beverages of the World

FIGURE 4.1 Furu. (From Nout, MJ.R. and Aidoo, K.E., The Mycota, eds. Osiewacz, H.D.,
Springer-Verlag, New York, pp. 23—47, 2002. With permission.)

4.2.1.2 Idli

Idli is a small spongy cake obtained by steaming a naturally fermented mixed batter
of parboiled rice (Oryza sativa) and black gram (Phaseolus mungo) (Figure 4.2). Idli
is a popular food in South India and Sri Lanka, well appreciated for its pleasant acidic
flavor and its easy digestibility. Although the batter undergoes a natural fermentation,
usually a small portion of previously fermented batter (back-slop) is added to achieve
better results. The fermentation takes place at ambient temperatures (25°C—-35°C) for
16—24h. Obligate heterofermentative lactic acid bacteria (LAB) (Leuconostoc mes-
enteroides) and yeasts (Saccharomyces cerevisiae, Debaryomyces hansenii, Pichia
anomala and Trichosporon pullulans) co-ferment the product, later followed by
Trichosporon cutaneum, and finally dominated by S. cerevisiae (Aidoo et al. 2006).

FIGURE 4.2 [dli. (Picture by Sarkar, PK., 1998.)
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As a result of the fermentation, the pH decreases, amylases and proteases are formed
that modify carbohydrates and degrade proteins, and considerable quantities of gas
are produced. The latter cause a leavening of the batter and the final open and flex-
ible structure of the steamed cake. Another important functional aspect of the yeasts
is their contribution to the nutritional value, by enhanced vitamin B levels, and the
decomposition of anti-nutrients such as phytic acid. The latter have a detrimental
effect on mineral availability, and the uptake of iron is greatly enhanced in dephy-
tinized foods (Towo et al. 2006).

4.2.1.3 Ragi and Men

Ragi (Indonesia) and men (Vietnam) are examples of amylolytic starters for rice wine
preparation (Figure 4.3). Such starters principally consist of uncooked rice flour to
which a local mix of herbs and spices is added. The flour and herbs are moistened
with some water to form a dough, which are made into small balls or flattened discs,
spread on an incubation tray, and sprinkled with previously powdered ragi or men
(Dung et al. 2007). The microflora of ragi or men can now proliferate in the fresh
dough during an overnight period at high relative humidity and temperatures around
30°C. The next stage consists of a careful dehydration to stabilize and preserve the
microbial starter; this is done by incubation in an artificially heated room of about
60°C for a few days. For commercial purposes, the tablets are packaged and labeled.
Several researchers investigated the microflora of these and similar amylolytic start-
ers. From their combined efforts, it can be generally concluded that there are three
components of the microbiota. The first component comprises filamentous fungi such
as Amylomyces rouxii and Rhizopus spp. that are able to degrade the native starch in
the raw rice flour, by forming amylases especially amyloglucosidase, which degrades
starch directly into glucose (Dung et al. 2006). The second component consists of
fermentative yeasts such as Saccharomycopsis fibuligera, Hyphopichia burtonii, and
S. cerevisiae; whereas some of these yeasts can degrade starch as well, their main
function is in the alcoholic fermentation and the production of flavor components such
as esters. The third component comprises the LAB, which do not seem to have a posi-
tive contribution to the quality of the fermented wine. However, they are present as a
natural accompaniment of yeasts in the manufacture of ragi and men.

The similar mixed starters common in the Himalayas are marcha, phab, and
hamei (Tamang et al. 1996, Thapa and Tamang 2004, Tamang et al. 2007), which are

FIGURE 4.3 Ragi or men. (Picture by Nout, M.J.R., 1986.)
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used by the ethnic people to ferment alcoholic beverages and drinks. Molds, mostly
species of Mucor and Rhizopus, along with the amylolytic yeast Sm. fibuligera and
alcohol-producing yeasts S. cerevisiae and P. anomala are the dominant organisms
in these mixed starters along with LAB, Pediococcus, and Lactobacillus (Tsuyoshi
et al. 2005).

4.2.2 Fermented Foods of Australasian Origin
4.2.2.1 Bubod

Bubod is a dried, powdered starter used in the Philippines to prepare basi or sug-
arcane wine and other fermented products. Bubod starter is prepared by mixing
powdered rice and ginger and then rolled and shaped into discs. These are then
coated with 1-3-month old bubod, placed in bamboo baskets, and incubated at room
temperature for up to 48h. They are sun dried to about 14% moisture. Bubod is
then used to prepare an activated starter, binubudan, for the production of sugar-
cane wine, basi, which contains up to 14% alcohol. Bubod contains molds, yeasts,
and LAB. Functional molds and yeasts in bubod include Aspergillus oryzae, Mucor,
Rhizopus spp., Sm. fibuligera, A. rouxii, H. anomala, and S. cerevisiae. The molds
and amylase-producing yeasts produce enzymes to release assimilable carbon com-
pounds from the carbohydrates of the rice flour. The alcohol fermentation is domi-
nated by S. cerevisiae.

4.2.2.2 Puto

Puto is a leavened steamed rice cake usually consumed for breakfast or as a snack
food in the Philippines. The production of puto is an important cottage industry. It
is closely related to the Indian idli except it contains no legumes and is generally
served with grated coconut (Steinkraus 1996). It is made from year-old rice stock
grains that are soaked and ground with water to produce slurry (galapong), which
is allowed to undergo a natural fermentation. A portion of the slurry is set aside as
starter culture (lebadura) that is added to the galapong. The organisms responsible
for the unique characteristics of puto are heterofermentative LAB like Leuc. mesen-
teroides and yeasts like S. cerevisiae. The yeasts are usually low at the first stage of
the fermentation but increase steadily during the process resulting in the production
of small amounts of alcohol. S. cerevisiae also plays an important role in the leaven-
ing of the batter.

4.2.2.3 Tapuy

Tapuy is a traditional alcoholic drink popular in the mountains of northern
Philippines. Tapuy is produced by inoculating cooked rice with rice yeast, bubod,
and allowed to ferment in a jar in a cool place for 2 weeks. The fermented mass is then
pasteurized for 30 min and stored for a minimum of 6 weeks; after that the clear liquor
is decanted. The liquor undergoes a final pasteurization before bottling. The alcohol
content reaches about 5.6% after 48 h and increases with fermentation. One kilogram
of glutinous rice may produce about a liter of rice wine. Yeasts, molds, and LAB
bring about fermentation of rapuy with yeasts as the predominant organisms. Yeasts
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isolated from tapuy include Sm. fibuligera, Rhodotorula glutinis, D. hansenii, Pichia
burtonii, Candida parapsilosis, and Tr. fennicum (Sakai and Caldo 1985, Kozaki and
Uchimura 1990). During the fermentation, yeasts like Sm. fibuligera and P. burtonii,
which are also amylase producers, dominate the early stages. Mucor and Rhizopus
spp. also produce amylolytic enzymes that hydrolyze the rice starch to sugars for
conversion to alcohol. LAB, Lactobacillus viridescens and Lb. brevis, also prolif-
erate during fermentation and contribute to the production of organic acids. In the
Philippines, drinking tapuy is a part of traditional ritual.

4.2.3 Fermented Foods of African Origin
4.2.3.1 Mawe

Mawe is an acidic fermented maize dough popular in Bénin, West Africa; it is
an intermediate product that is used to prepare a variety of beverages, porridges,
and dishes (Figure 4.4). It is made by cleaning, washing, and decorticating maize
kernels. The maize endosperm is ground finely by a wet-milling procedure. The
wet flour is adjusted to dough consistency by the addition of water, and it is left
at ambient temperatures (25°C-30°C) for 2-3 days, under a cover of polythene
sheeting. During the period, a natural microbiological succession will take place
of a mixed biota of LAB and yeasts. Gradually, the microflora will be dominated
by a few heterofermentative LAB (e.g., Lb. fermentum) and several yeasts includ-
ing Issatchenkia orientalis, C. kefyr, C. glabrata, Kluyveromyces marxianus, and
S. cerevisiae (Hounhouigan et al. 1994). Experiments with pure culture starters
showed that both LAB and yeasts derive benefit from the presence of the other
microorganisms, resulting in better growth and acid production (Hounhouigan
et al. 1999). The additional functionality of yeasts in cereal foods is the degradation
of phytic acid, resulting in a better availability of mineral micronutrients for the
consumer.

FIGURE 4.4 Mawe for sale at a market in Cotonou, Bénin. (Picture by Nout, M.J.R., 2002.)
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FIGURE 4.5 Tchoukoutou for sale, and calabash containing yeast starter. (Picture by Nout,
M.J.R., 2006.)

4.2.3.2 Tchoukoutou

Tchoukoutou is one of the many different traditional African beers (Figure 4.5). It
is made from red sorghum. First sorghum grains are cleaned, soaked, allowed to
germinate (sprout) followed by a careful sun-drying in order to stabilize the obtained
malt. After polishing and grinding the malt, it is mashed with water at a gradually
increasing temperature until the final boiling, within a total period of 4—5h (Kayode
et al. 2007b). The wort obtained is decanted, cooled, and transferred to fermentation
vessels that contain active yeast sediment. Extensive research on African beer yeasts
has shown that most can be identified as S. cerevisiae. Although different genotypic
clusters can be distinguished (beer, porridge, palm wine), these are distinctly differ-
ent from the S. cerevisiae of industrial (European) origin (Jespersen et al. 2005). The
alcoholic fermentation starts immediately. After 1 day, the beer is slightly alcoholic,
effervescent, and sweet. Gradually, the sweet taste is replaced by alcohol and acidity.
There is always a contaminant flora of acidifying bacteria (acetic and LAB) that limit
the shelf-life to only 3 days. Tchoukoutou has a relatively low (3%—4% v/v) alcohol
content and is locally regarded as a refreshing healthy beverage, which plays an impor-
tant social role during market days and other festivities. In addition to the attractive
sensory attributes, it was shown that the fermentation results in very good availability
of iron (Kayode et al. 2007a).

4.2.3.3 Kachasu

Kachasu is an alcoholic spirit popular in Southern Africa, particularly Zimbabwe
(Figure 4.6). Wild edible fruits locally called masau (Ziziphus mauritiana) are gath-
ered from jungles as a part of the family diet in the rural areas. The fruits are also
sold at the market to generate some income. Excess fruit is allowed to undergo natural
fermentation, followed by distillation into kachasu (Figure 4.6). After fermentation,
the pulp contains 2.1%-3.7% (v/v) alcohol, whereas the alcohol content of the distil-
late ranges from 23.8% to 45.6% (v/v) (Nyanga et al. 2008). A study was made of
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FIGURE 4.6 Kachasu: distilling in a countryside in Zimbabwe. (From Nyanga, L.K. et al., Ecol.
Food Nutr., 47, 95, 2008. With permission.)

the yeasts on the fruits and during the fermentation of the fruit pulp. It was observed
that the yeasts on the ripe fruit surface are dominated by Aureobasidium pullulans.
This yeast was not detected anymore in the fermenting pulp which was populated by
S. cerevisiae and I. orientalis (Nyanga et al. 2007). LAB are also encountered dur-
ing this fermentation; these may stimulate yeast growth, and generate volatile flavor
components.

4.2.4 Fermented Foods of European Origin

In this section, the roles of fungi, particularly yeasts, in the production of traditional
bread, wine, beer, and other alcoholic beverages are not considered.

4.2.4.1 Sourdough

Although sourdough has a long history in Europe and North America, its origin goes
back to the ancient Egyptian times. Sourdough (Figure 4.7) is a carbohydrate-based
product with LAB and/or yeasts at low pH (<3.6). In bread dough, microorganisms,
mainly LAB, predominate but yeasts also play a role in the development of organic
acids, flavor, and nutrients. The yeasts tend to be acid tolerant and are unable to fer-
ment maltose. It is thought that LAB benefit from yeast metabolites and the bacteria
produce antimicrobial compounds for which yeasts are immune. In sourdough fer-
mentation, the fermenting mass may be seeded with starter from previous batches
and maintained at 20°C-30°C. Where such fermentation is propagated continuously,
the microorganisms are usually heterofermentative, with the yeast C. milleri and
Lactobacillus sanfranciscensis as predominant organisms. During fermentation, the
lactobacilli produce maltose phosphorylase that hydrolyses maltose to glucose as a
substrate for yeast. Lactobacilli also was reported to produce the antibiotic cyclohexi-
mide in the fermenting mass to which the yeast C. milleri is resistant (Sugihara et al.
1971). Wagner (2005) published on the production of sourdough bread to illustrate the
role of industrial microorganisms in the food industry.
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FIGURE 4.7 Sourdough. (From http://en.wikipedia.org/wiki/File:masa_madre.jpg, accessed
March 20, 2009.)

4.2.4.2 Cheese

Mold-ripened cheeses are usually dominated by Penicillium spp. (Samson 1993).
Camembert cheese is an example of a surface-ripened cheese with the mold P. cam-
emberti. The cheese curd is sprayed with an aerosol of P. camemberti conidia and
after brining and conditioning, the mold starts to develop at the surface during the
incubation period. The starter strains have colors ranging from white to grayish blue
and during ripening, lipolytic and proteolytic enzymes are produced by the mold that
then diffuse into the cheese resulting in softening and the development of flavor. The
product is ready for consumption in 3—5 weeks (Kosikowski 1997). Like molds, yeasts
also play an important role in surface-ripened cheeses during maturation and develop
a smear of growth on the surface that results in the development of flavor. The smear
is a biomass of yeasts and bacteria, and the main yeasts species are Trichosporon
spp., Y. lipolytica, K. lactis, and Candida spp. (Bockelmann and Hoppe-Seyler 2001,
Petersen et al. 2002, Hansen and Jakobsen 2004).

4.2.4.3 Fermented Meats

In Europe, fermented meat products date back to Roman times and production
spread to other European countries and the rest of the world; Europe is still a
major producer and consumer of fermented dry sausages. LAB, molds, and yeasts
all contribute to the development of the characteristic flavor and aroma of fer-
mented meat and sausages. Molds, in particular Penicillium spp., are tradition-
ally used as starter cultures. Aspergillus and Eurotium spp. also contribute to
the fermentation and ripening of meat (Samson 1993, Josephsen and Jespersen
2004). Molds produce extracellular enzymes (amylases, proteases, lipases) and
give a characteristic flavor and aroma. When carbohydrates becomes limiting in
the protein-rich substrate, amino acids may be used as a carbon source. The most
common molds used in mold-ripened fermented meat include Penicillium nalgio-
vense, P. chrysogenum, P. camembertii, and other molds include P. commune,
P. aurantiogriseum, and P. olsonii. P. nalgiovense and P. chrysogenum are the
main organisms in the production of salami. Yeasts produce proteolytic and
lipolytic enzymes and help develop flavor in the fermentation of meat and meat
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products. Debaryomyces polymorphus, C. zeylanoides, P. membranifaciens,
P. guilliermondii, and Cryptococcus spp. are known to be responsible for the
ripening of cured ham.

4.2.5 Fermented Foods of Middle East Origin
4.2.5.1 Tarhana

Tarhana, a traditional Turkish fermented cereal food with sour acidic taste and yeast
flavor, is produced principally by mixing wheat flour, yoghurt, yeast, vegetables
(tomatoes, onions, green pepper, and paprika), salt, and spices (mint, thyme, dill,
tarhana herb, etc.). S. cerevisiae and LAB (Streptococcus thermophilus, Lb. lactis,
Lc. diacetylactis, Lb. bulgaricus, Lb. acidophilus, Leuc. cremoris, and Lb. casei) are
the most important fermentative microorganisms. Studies on tarhana fermentation
showed a significant increase in riboflavin, niacin, pantothenic acid, ascorbic acid,
and folic acid contents of the product (Ekinci 2005). Ozdemir et al. (2007) reported
that since tarhana is a good source of B vitamins, minerals, organic acids, and free
amino acids with improved digestive properties, and since it is a product of yeast and
LAB fermentation, it may be considered a functional and probiotic food. Tarhana-
like products are known as trahana in Greece, kishk in Egypt, kushuk in Iraq, and
tahanyaltalkuna in Hungary and Finland.

4.2.5.2 Kefyr

Kefyr is an acidic, mild alcoholic fermented milk originating from central Asia but
has become very popular in the Middle East. A review on the history and the symbi-
otic microflora of kefyr was reported by Frohlich-Wyder (2003). Traditionally, kefyr
was prepared from bags of goat hides of cow, sheep, or goat milk inoculated with the
kefyr grain. The microflora of kefyr is known to be dependent on the fermentation
process employed. However, Von Wiese (1986) and Koroleva (1991) reported that
LAB and yeasts were the main symbiotic microflora. The production of kefyr is a
two-stage process, namely fermentation occurring at 18°C—22°C for 18-20h followed
by a ripening process at §°C—10°C for 1-3 days (Frohlich-Wyder 2003). Yeasts like
K. marxianus, C. kefyr, S. cerevisiae, and S. delbreuckii (Torulaspora delbrueckii)
were isolated from kefyr (Wouters et al. 2002). On an industrial scale, addition of
kefyr grains is rare; instead commercial mixed cultures isolated from the grains are
used (Hansen and Jakobsen 2004).

4.2.5.3 Koumiss

Koumiss originates from Kazakhstan; it is a milk wine originally made from mare’s
milk; however, variants are now made from cow’s milk (Figure 4.8). Koumiss usu-
ally contains about 2% alcohol and has a pH of about 4. The predominant microflora
of koumiss are LAB and yeasts, particularly S. unisporus and K. marxianus (Hansen
and Jakobsen 2004). Ni et al. (2007) isolated 87 yeast strains from traditional kou-
miss made from mare’s milk in China. They also reported the two main yeasts as
S. unisporus (48.3%) and K. marxianus (27.6%) with P. membranifaciens and
S. cerevisiae accounting for 15.0% and 9.1% of the total yeast isolates, respectively.



142 Fermented Foods and Beverages of the World

FIGURE 4.8 Koumiss. (From http://fen.wikipedia.org/wiki/File:kumis.jpg, accessed March 19,
2009.)

The starter culture used in traditional koumiss was thought to contain Candida spp.
and LAB (Gordon 1997). Traditional koumiss has a uniform consistency; protein from
mare’s milk, unlike other types of milk, does not form visible curds when renneted.
Although rennet is not used to make traditional koumiss, the acid produced during
fermentation results in the formation of a fine precipitate that remains in suspension.

4.2.6 Fermented Foods of Latin American Origin
4.2.6.1 Pozol

Pozol is a Mexican fermented maize product. Traditionally, maize grains are boiled in
lime water in order to enhance the swelling and ease of decortications. This method
is referred to as “nixtamalization.” The cooked grains are then dehulled, washed, and
ground into wet flour that can be shaped into semicylindrical balls. These balls are
wrapped in polythene or in banana leaves and undergo a natural fermentation for 2-5
days. During this period a complex microbiota develops, consisting of fungi and bac-
teria. As a result, the pH decreases to 3.5-4.0, and an acidic mixed flavor is formed.
Pozol balls are used to make beverages by suspending them in water with added
flavors such as salt, sugar, etc. (Figure 4.9). The microflora of pozol was investigated
and was dominated by LAB (Leuc. mesenteroides, Lb. plantarum, Lb. confusus, Lc.
lactis, and Lc. raffinolactis), yeasts, and the filamentous fungus Geotrichum candi-
dum (Galactomyces geotrichum) (Nuraida et al. 1995). Although the latter could not
hydrolyze starch, almost all of LAB and half of the yeasts studied degraded starch.
This indicates that like in ragi and men, the substrate has a big impact on the natural
selection and enrichment of the niche microbiota.

4.2.6.2 Pulque

Pulque is a fermented alcoholic beverage (Figure 4.10). Mexican pulque is made from
agave juice (Agave atrovirens or A. americana). Essential microorganisms in the fer-
mentation are Lb. plantarum, a heterofermentative Leuconostoc, Zymomonas mobilis,
and S. cerevisiae. Other yeasts include C. parapsilosis, C. rugosa, C. rugopelliculosa,
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FIGURE 4.9 A pozol ball and beverage made by diluting in water. (Picture by Wacher, C.)

FIGURE 4.10 Pulgue. (From www.ianchadwick.com/tequila/pulque.htm, accessed March 6, 2009.)

Debaryomyces carsonii, P. guilliermondii, P. membranifaciens, and Tor. delbrueckii.
Although S. cerevisiae appears to be the major producer of ethanol, it is Z. mobilis
that transforms 45% of the glucose to ethanol (4%—6% v/v in final product) and car-
bon dioxide (Nout 2003).

4.2.6.3 Huitlacoche

Ustilago maydis is a basidiomycete that grows as a parasite on cobs of preharvest
maize (Figure 4.11). The large fruiting body is edible, and is locally known as caviar
azteca, huitlacoche, or “maize mushroom” (Valverde et al. 1995). In Mexico and
other Latin American countries, huitlacoche is highly regarded as an interesting dish
or condiment, containing diverse nutrients such as carbohydrates, proteins, fats, vita-
mins, and minerals. In addition, essential amino acids (especially lysine) and fatty
acids (linoleate) are present in huitlacoche.
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FIGURE 4.11  Huitlacoche (U. maydis) as grown on preharvest maize.

|
4.3 Benefits of, and Some Problems Associated
with, Fungal-Fermented Foods

Fungal-fermented foods offer several benefits in relation to the nutrition and well-
being of humankind. During the fermentation process, bio-enrichment of food mate-
rials occurs through a diversity of macro- and micronutrients, textures, enzymes,
vitamins, trace elements, flavors, aromas, alcohols, and their derivatives. Food may
also be preserved or attain an extended shelf-life through the production of alcohols,
acids, esters, and other preservative compounds. The benefits of fungal-fermented
foods also include improved digestibility and the production of essential nutrients,
improved sensory properties, the production of edible fungal biomass (e.g., Quorn and
Huitlacoche), natural food colors, carotenoids; furthermore, the processes involved in
the fermentation system are usually simple.

Problems that may be associated with fungal-fermented foods include the forma-
tion of potential toxic substances, for example, ethyl carbamate produced as a result
of yeast metabolism, mycotoxins (mold secondary metabolites) known to be carcino-
gens, yeasty off-flavors, film-forming yeasts, and undesirable discoloration. Many of
the processes in fungal-fermented foods are based on solid substrate fermentation
with various limitations such as mass and heat transfers, monitoring of fermenta-
tion parameters, and the relatively large inoculum size. However, the advantages of
fungal-fermented foods outweigh the problems (Nout and Aidoo 2002, Nout 2003,
Aidoo et al. 20006).

——
4.4 Conclusion
Yeasts and molds play a major role in the fermentation of foods during which there

is bio-enrichment leading to the production of proteins, vitamins, minerals, aroma,
alcohols, acids, esters, and also improvements in digestibility, preservation, and
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organoleptic properties. The authors have presented some examples of fermented
foods that have received much attention and are produced with a high degree of
technological advancement and automation, as well as some lesser-known and less-
developed products. Some of the problems associated with fungal-fermented foods
have also been highlighted. The majority of these fermented food products is of
plant origin and could fulfill the ever-increasing worldwide demand for healthy
foods, naturally fermented products, protein-rich meat substitutes, and exotic foods
of plant origin. Although fungal-fermented foods are now receiving more atten-
tion, further developments are necessary to scale up and/or improve some of the
lesser-known products to maximize substrate utilization, process control, yields,
and hygiene.
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