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ABSTRACT

Twenty-four yeasts out of 342isolated from the fermentative processshowed Killer activity and threeof themwere
seleded for the fermentative dficiency ewluation in bach system with cdl recyde, flask and fermentor
experiments. The seleded three Kl er strains did na present similar results to those of pressd (baking) yeast
concerning ethand (0.07-0.18; 0.12-0.20; 0.10-0.13; 0.22-0.25 dg, respedivey) and bhomass (0.19-0.26; 0.33-
0.39; 0.13-0.27; 0.47-0.61 g/g, respedivdy) yields and fermentative dficiency (12.3-36.3; 21.0-40.0; 19.3-26.3;
47.6-54.0 %, respedivdy) in sugarcane juice, in flasks. In fermentor, similar behaviour was observed. Howeve,
the seleded strains showed high cular viability a ndkill er activity (using cdl -freefiltrate) alongthe fermentative
cydes, in spite of the unfavouable condtions of the medium, like high pH variation of the medium (from 5.56.0 to
3.0-4.0), low aeration and ligher temperature (30° C), which were not the ideal ones for the production/activity of
kill er toxins. A Pichia strain (CCA 510 showed the best results among the kil er yeasts tested, exhibiting akill er
activity against 92%of isolated fermentative yeasts of the processand aganstthe pressefbaking) ferment. It also
demonstrated kill er activity (using crude toxin preparation) at higher temperatures (38°C) and low pH (4.0) after
72 hous of incubation, under proliferative and nonproliferative @ndtions. The results indicated that the kil er
activity shoud be a characteristic to be looked for in the strain seledion for ethandic fermentation, beside other
important productivity-based characteristics, since it asaure the permanence of the seleded strain duing the
process

Key words:. Kill er yeasts, alcohalic fermentation, ethanal, kill er toxin

INTRODUCTION factor. The killer reaction can even happens when
the cdls are nat in contact: The culture medium in

The phenatype kill er was first described in 1963in ~ which the killer cells was developed previously

Saccharomyces cereMsiae (Bevan and Makower,
1963 Somes and Bevan, 1969, that certain
strains of such species could be clasdfied in ore of
three phenatypes: killer, sensitive and reutral.
When sensitive and killer cdls grew in the same
culture medium, a high proportion d the sensitive
cdls died. The neutral cels did na kill sensitive
cdls, nar were killed by the killer ones. Killer
yeast was immune to the action d its own kill er

I Author for correspondence

and removed by centrifugation retained its ability
to kill sensitive cdls (Somers and Bevan, 1969.

Accoording to Woods and Bevan (1968, the kill er
activity of a K1 toxin was only expresed in a
narrov pH range (4.6-4.8), unstable in
temperatures above 25°C and inactivated by
agitation. Subsequent studies (Philli skirk and
Young, 1975 Young and Yagiu, 1978 of several
killer toxins showed that the properties of K1
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toxin and anather were similar, indicating that all
the toxins had proteic nature. A temperature
increase (37-40°C) can lead to the “cure’
phenomenon when killer strains lose their kill er
activity. This is due to the non-chromosomal kill er
genom loss or mutation (Wickner, 1974. The
ocaurrence of killer phenatype in yeasts is
widespread in alcohdic fermentations for
beverage production such as in breweries (Maule
and Thomas, 1973, saké (Imamura & al., 1974
Quchi & al., 1979, wine (Naumov et al., 1973
Thornton, 1986 Petering & al., 1991 Sulo and
Michalcdkova, 1992 Carrau et al., 1993 and
recently in sugarcane producing plants (Sato et al.,
1993 Morais et al., 1997 Ceccato-Antonini et al.,
1999 Soares and Sato, 1999 2000. Many d these
fermentative  processes use non-pasteurised
medium, which can allow the predominance of
wild yeast strains coming from the raw material
outnumbering the starter  yeast. These
contaminations can bring about the fermentation
sowness or blockage, acidity increase, fusd oil
production, and ethand productivity decrease. So,
the killer system may be a way to avoid the dfects
caused by undesirable yeasts in the fermentative
processs. The utilisation d killer strains with
good fermentative yields can bring undaubtedly
advantages to the process once it can guarantee
competitive advantages to the starter ethand-
making yeast. We aimed to isolate killer yeast
strains from the fermentative process for ethand
production, to evaluate both their fermentative
efficiency and killer activity expresson under
industrial condtions  during the fermentation
process in flasks and fermentor, and to assss
their potential competitive advantage assaying the
sengitivity of a pand of fermentative industrial
yeasts to the sdected kill er strains.

MATERIALS AND METHODS

Isolation of yeasts using differential media

The following culture media were used: WLN and
WLD (Green and Gray, 1950; Lysine medium
(Morris and Eddy, 1957 and Lin Wild Yeast
Medium (Lin, 1975 for the isolation d yeast
strains from sugarcane juice, recycled ferment,
fermented broth, molasss and water, of two
alcohd-producing units. The samples were
homogenised by agitation, transferred 10 mL to
sterile centrifuge tubes and centrifuged at 1000 g
for 5 minutes. Supernatants were discarded,

addng sterile saline solution to ressuspend the
cdls. This procedure was repeated orce. Serial
dilutions and surface plating & 0.1 mL sample
aliquots were dore. Incubation was at 28 C for
72 h, when morphdogcal evaluations of the
colonies were accomplished. Visually different
colonies were described and isolated in YEPD
dlants. The maintenance of the cultures was made
through periodc transfer on YEPD under sterile
mineral oil at room temperature.

Killer activity of theisolated yeast grains

The conventional method d observing a clear/blue
kiling zore around the test yeast streaked on
buffered (pH 4.5-4.7, citrate-phosphate buffer)
Y EPD-methylene blue seaded (10° cells/mL)  with
the senditive strains Saccharomyces cerevisiae
NCYC 1006 and Candda dabrata ATCC 15126
at 28-30° C was used (Woods and Bevan, 1968 in
the first evaluation. Secondy, a pand of 110 yeast
strains isolated from the sugarcane fermented
broth from a sugarcane dhand-producing plant
and commercial brands of yeasts (Fleischmann(d
pressd baking yeast) were used to assay ther
differential sensitivity to the sdected kill er strains
using the same method at 26°C.

Killer activity optimization of a seleced strain

An qotimization o pH, temperature and
incubation time for crude toxin activity of a
sdected killer strain was performed under
proliferative and nonproliferative condtions.
Crude toxin preparation was obtained transferring
loops of yeast cels (CCA 510 into tubes with 20
mL of YEPD broth (1% yeast extract; 2% peptone;
2% glucose), pH 4.0, following incubation for 48
h, a 26° C. Then, filtration through Milli pore
membrane (0.22 W) was carried aut and kept the
filtrate (crude toxin) at 5° C. For the proliferative
assy, 10% (v/v) of the crude toxin filtrates were
added to tubes with citrate-phasphate buffered
YEPD broth, at pH of 2.5; 4.0; 5.5, inoculated
previoulsy with a cdl suspension prepared from
the sendsitive strain Saccharomyces cerevisiae
NCYC 1006 at a concentration d 10% (v/v) and
10" cells/mL. The incubation period was extended
to 96 h, at 26 and 38° C, and sampled threetimes
at 24-h peiods. The cdls were stained with
methylene blue-citrate dye solution and counted in
Neubauer chamber to estimate cel viability. For
nonproliferative assay, citrate-phosphate buffered
saline solution (0.85% NaCl) was used instead o
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YEPD broth. Control tubes were made utilizing
sterile distilled water (10% v/v) replacing crude
toxin filtratesin al the treatments.

Preliminary evaluation of the Kkiller strain
fermentative capabili ty

Using 24 sdected killer strains and the
FleischmannO pressed baking yeast, the initial
fermentative tests were accomplished in 250-mL
erlenmeyers with 50 mL of clarified sugarcane
juice, 14° Brix, 20% of inoculum v/v, at 30°C for
18 haurs in triplicate. After the incubation period,
the a@hand production was evaluated by sample
distillation and density measure of hydroalcohdic
solution (Amorim & al., 1979. Inoculum was
prepared with the cel transfer to tubes with 10 mL
of sugarcane juice 5° Brix, at 30° C for 24 h. The
content was transferred to 1L-erlenmeyers with
300 mL of sugarcane juice, 10°Brix at 30°C with
forced aeration (sterile air injection). The flasks
were maintained under refrigeration for 12-24 h
for cdl sedimentation. Supernatant was discarded
and cels were used as inoculum for the
fermentative tests.

Fermentative efficiency o seleaed Kill er strains

Tests were accomplished both in flasks and
fermentor for the evaluation d fermentative
efficiency and kller activity expresson o 3
sdected strains during the process For flask
experiment, inoculum was prepared by yeast cel
loop transfers to tubes with 20 mL of sterile saline
solution, homogenised and transfer of 1 mL
aliquots to 250-mL flasks with 150 mL of clarified
sugarcane juice (3.8° Brix) under agitation d 250
rpm for 24 h 30° C (initial pH 5.5-6.0). The cycle
duration was defined in this work according to
Parazz (1995 in results obtained previoudly that
shoved the most appropriated periods with
minimal sugar residues in the fermented juice. The
cdlular mass was sparated by centrifugation and
again incubated under the same condtions. The
procedure was repeated orce. The fermentative
tests were carried in 500-mL flasks with 150 mL
of clarified sugarcane juice, 12° Brix, 20%
inoculum v/v, in triplicate, during six 12-h cycles.
At the end d each cycle, a 5% volume sample was
taken for analysis. The remaining fermented juice
was centrifuged and the biomassresauspended in a
new fermentation medium, with the same
characteristics. As on the beginning the second
fermentative cycle, and so forth until the sixth
cycle For fermentor experiment, only 2 killer

strains were used (CCA 510 and CCA 449,
because one of them (CCA 574) did nd produce
enough cdlular mass to begin the fermentative
process The inoculum was produced previously in
the same condtions described, and the inoculated
tubes were transferred to the 10 L-fermentor glass
vat (Microferm - New Brunswick) with clarified
sugarcane juice, 3.8° Brix, aeration d 1 vwm at
30°C and agitation o 120 rpm until 10 g o dry
cdlular masdL were obtained. The cels were
separated by centrifugation and recycled to the
fermentor for the alcohdic fermentation for four
12-h cycles, at 3¢° C, 10 Brix, initial pH 5.2-6.0,
inafinal volumeof 4 L.

Analyses

Initially, yeast cdl viability was evaluated through
Neubauer counting chamber (Lee ¢ al., 1981,
using methylene blue-sodum citrate dye solution.
Samples of 5 mL were filtered in Milli pored
membrane (0,45 pm), washing the biomass 3
times with dstill ed water and dying at 100°C until
constant dry weight. In the cdl-freefiltrate, total
residual reducing sugar analysis was accomplished
by the 3,5 dinitrossalicilic acid method according
to Miller 1959 ethand by sample distill ation and
density measure of hydroalcohdic solution, pH
and kller activity against the sensitive strains
Saccharomyces ceevisiae NCYC 1006 and
Candda dabrata ATCC 15126 in buffered
YEPD-methylene blue, pH 4.5-4.7 (citrate-
phaosphate buffer) at 30°C using the well test assay.
Eight mm-diameter wells were produced in culture
medium, filled with 80 pL of the cdl-freefiltrate.
The biomass (Yx/s) and ehand (Yp/s) yidds
were calculated from the data of ethand and dy
cdl mass produced, and consumed sugar mass
(Duarte, 1994. The fermentative dficiency (%)
was calculated based on the alcohdic content of
the medium and the initial concentration d total
reducing sugar using practice fermentation
stoichiometry, where 1 g o total reducing sugar
produces 0.461 g o ethyl alcond at 20° C
accordingto Vailant (1980.

RESULT S AND DISCUSS ON

Isolation, killer activity and preliminary
evaluation of the fermentative apability of
killer yeast strains from the dhanol
fermentation process
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Different culture media were utilised aiming the
isolation d yeast strains, according to studies
previously accomplished (Ceccato Antonini and
Silva, 2000. Three hundred and forty two yeast
strains were isolated in dfferent culture media
and samples from two sugarcane producing units.
Twenty four strains presented killer activity
against the sensitive yeasts (7% of the total). Only
gght Kkiller strains presented fermentative
capability in sugarcane juice, which were sdected
for further tests. Two kill er strains were discarded
for their flocaulation characteristics. The results
obtained in the preiminary evaluation d the
killer strain fermentative capability are shown in
Table 1, comparingto pressed baking yeast.

Table 1 - Ethanol production (g/100 mL) of the
fermentative killer strains, in sugarcane medium,
14°Brix, 20% inoculum, 30°C, 18 hours, in flasks

Yeast strain | Ethanol (g/100mL)*
CCA 574 562+ 0.16
CCA 510 3.97+0.28
CCA 449 3.74+£0.14
CCA 377 3.61+0.24
CCA 369 342+ 0.16
CCA 476 2.30+ 0.09
Baking yeast 552+ 0.24

"The values refer tothe averagand standad deviaion (n=3).

The results pointed out a killer strain (CCA 574
with alcohd production similar to baking yeast.
However, other two killer strains (CCA 510 and
CCA 449 were sdected for fermentative dficiency
evaluation because CCA 574 did na multiply
efficiently. The cause of the absence of
multiplication was na €ucidated. The same
medium was tested with ancther strain and it
worked aut. A probable explanation could be that
this drain lost its fermentative capability by the
constant reactivation and it is known that these
operations can induce alterations in yeasts. The
killer strain CCA 510 showed a powerful kill er
activity against 101 out of 110yeast strains isolated
from the @hand fermentation process i.e., 92% of
these yeast strains were sensitive to this killer
yeast, which was also killer against the pressed
baking yeast (Fleischmannd). These results could
indcate a higher competitive advantage of CCA
510 as a starter ethand-making yeast against other
yeasts when inoculated in a nonpasteurised
sugarcane medium. None of the kill er fermentative

strains isolated showed so wide Killi ng activity. It
could be important to remember that the killi ng
action was against yeast strains from the own
fermentative process for ethand production, what
better asared CCA 510 Kkiller efficiency.
Taxonamical tests indcated it as Pichia genus. The
assays of crude killer toxin activity of this yeast
strain under proliferative and nonproliferative
condtions and dfferent pH, temperature and
incubation times are showed in Fig 1. In the
proliferative assay at pH 2.5 therewas a decreasein
the cdl viability, which was independent of the
crudetoxin additionat both temperatures. However,
at 38°C, a remarkable dfect of the toxin could be
observed. Indedd, at this temperature, we could
observea great Kill er activity of thisyeast & pH 4.0,
showing a remarkable thermotolerance of this toxin.
It was anather good characteristics of this grain,
that is, good Kl er activity at higher temperatures at
low pH values, which were condtions much simil ar
to those into acohd fermentation tanks. In non
proliferative assay, we observed the benefical eff ect
of higher temperatures ontheKkill er activity of CCA
510 mainly at pH 4.0. At pH 5.5, we did na
observe significant kill er activity in any assay. Best
results were obtained after 72 h o incubation in
both assays.

Fermentative dficiency of killer yeast strains in
batch cdl recycle system

The results howed that nore of the killer yeasts
tested hed fermentative dficiency similar or
superior to that presented by the baking yeast,
which was the most common inoculum used by the
producing units, in flasks or fermentor (Fig. 2 to 5).
The cdl-freefiltrate after the first cycle could na
be analysed, so the results were nat showed in Fig 2
and 3. The strain CCA 510 pesented the best
performance. Whatever the yeast strain used, best
results were performed in fermentor. However, the
strain CCA 510 showed high cdl viability
presented along the cycles and persistent kill er
activity in the cdl-freefiltrate, in spite of high pH
variation d the culture medium, from 5.5-6.0 to
3.0-4.0 at the end d each cycle. It showed thekill er
activity against S. cerevisiae NCYC 1006 for the
largest inhibition zones (clear region/bluish
coloured cdls).It is known that the Kill er activity is
pH dependent, better expressing in buffered
medium, and under low temperatures, around 20-
25°C (Woods and Bevan, 1968 Young, 1987).
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Figure 1 - Cdl viability (%) of the sensitive strain Sacch. cerevisiae NCYC 1006 with and
without toxin addition of CCA 510 yeast strain, under proliferative (YEPD broth)
and ng)n-proliferative onditi ons (sali ne solution), at pH 2.5, 4.0 and 5.5, at 26°C
and 38C

(m) 26°C with toxin addition () 38°C with toxin addition
(0) 26°C without toxin addition (A) 38°C without toxin addition
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Figure 2 - Cdlular viahility (%), ethanol production (g/100 mL) and killi ng inhibition zone
(mm)* during batch alcoholic fermentation, in flasks, at 30° C, using dlarified
sugarcane juice (12° Brix), 20% inoculum, with cdl regycling (six 12-hour cycles),
using kill er yeast drains and baking yeast.

! against Sacch. cerevisiae NCY C 1006
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Figure 3 - Biomassand ethanol yields (g/g sugar) and fermentative dficiency (%) during batch
alcoholi ¢ fermentation, in flasks, at 30° C, using clarified sugarcanejuice (12 Brix),
20% inoculum, with cdl regycling (six 12-hour cycles), using Kill eryeast grains and
baking yeast.
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Figure 4 - Célular viahility (%) and ethanol production (g/100 mL) during batch alcoholic
fermentation, in 4-liter fermentor, at 30° C, using clarified sugarcane juice (10°
Brix), 20% inoculum, with cdl regycling (four 12-hour cycles), using kill er yeast

strains and baking yeast.

Although the fermentation condtions are nat stated
as ideal for the Killi ng activity, concerning large pH
variation, higher temperature (30° C) and low
aeration, the strain CCA 510 maintained its killi ng
action both in flasks or fermentor. Otherwise, the
strain CCA 449did na show any killi ng activity in
fermentor experiment as wdl as the pressed
baking yeast. The commercial brand o yeast
did ot show any kind d killer activity in any
experiment. The killer system was the most
important and dkcisive factor for the yeasts to
establish during the fermentative process since
there were many yeast strains presenting
neutral phenatype, as already showed for some wild
yeasts presenting pseudohyphal  morphdogy
(Ceccato-Antonini et al., 1999.

The point is nat only to show a killer phenatype,
but to express this killing action diring the
fermentation process in industrial scale, under

limiting condtions presented by the culture
medium and environmental condtions. From the
results obtained, we concluded that this
characteristics was more an exception than a rule
for the yeast strains from the é¢hand fermentation
process But sdected ethand-making yeasts
posssdng killer activity like that could be a way
to asare ther predominance in the process A
litle has been pubished about the meaning d
yeast killer system for alcohdic fermentation to
produce éhand, differently for wine and aher
alcohdic beverages, in which yeast killer system
has performed important and expressve results.
Other tests ®&king the culture media
optimisation could take that strain (CCA 510 to
improve its fermentative vyidds, which in
asxociation with the killer activity performance
along the fermentative process could indcate it as
potential for theindustry.
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Figure 5 - Fermentative efficiency (%) and killing inhibition zone (mm} during batch alcotolic
fermentation, in 4-liter fermentor, at 30° C, using clarified sugarcane juice (10°
Brix), 20% inoculum, with cdl regycling (four 12-hour cycles), using kill er yeast

strains and baking yeast.

lagainst Sacch. cerevisiae NCYC 1006
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RESUMO

A atividade ‘killer’ poderia garantir as leveduras
fermentativas uma vantagem competitiva sobre
outras linhagens durante a fermentagdo etandlica,
no entanto, pouco se sabe sobre 0 papd do sistema
‘killer’ nesse tipo de fermentacdo alcodica. A
sdecdo e linhagens ‘killer’ atamente produtivas

pode ser uma aordagem interessante. Vinte e
quatro dentre 342 leveduras isoladas do proces
fermentativo mostraram atividade ‘killer’ e 3 ddas
foram sdlecionadas para a avaliagdo da eficiéncia
fermentativa em sistema de batdada com reciclo
de cdlulas, em escala de frascos e fermentador. As
3 linhagens ‘killer’ sdecionadas ndo apresentaram
resultados smilares agudes apresentados pedo
fermento prensado (panificagdo) em relagdo aos
rendmentos em eand (0,07-0,18; 0,12-0,20;
0,10-0,13; 0,22-0,25 ¢/g, respectivamente) e
biomassa (0,19-0,26; 0,33-0,39; 0,13-0,27; 0,47-
0,61 ¢/g, respectivamente) e  diciéncia
fermentativa (12,3-36,3; 21,0-40,0; 19,3-26,3;
47,6-54,0 %, respectivamente) em caldo &
cana-de-aclcar, em frascos. Em fermentador,
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observou-se 0 mesmo comportamento. No entanto,
elas mostraram alta viabili dade celular e atividade
‘killer’ (usando filtrado livre de cdulas) ao longo
dos ciclos fermentativos, a despeito das condgoes
desfavoraveis do meio, como alta variagdo de pH
do meio (de 5,5-6,0 a 3,0-4,0), baixa aracdo e
temperatura mais ata (30°C), as quais ndo so as
ideais para a producdo/atividade das toxinas
‘killer’. Uma linhagem de Pichia (CCA 510
mostrou os meahores resultados entre as linhagens
‘killer’ testadas, além de &ibir uma poderosa
atividade ‘killer’ contra 92% de leveduras
fermentativas isoladas do proces e contra o
fermento prensado. Demonstrou também atividade
‘killer’” (usando preparado ¢k toxina bruta) em
temperaturas devadas (38°C) e baixo pH (4,0)
apoés 72 horas de incubagdo, sob condcgoes
proliferativas e ndo-proliferativas. Os resultados
permitem indcar que a aividade ‘killer’ deve ser
uma caracteristica a ser avaliada na sdecéo de
linhagens para a fermentacdo etandica, aém de
outras caracteristicas baseadas na produtividade,
uma vez gque pode assgurar a pemanéncia da
linhagem sdecionada durante o proces.
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