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ABSTRACT

The fermentation of yeast reserve carbohydrates, glycogen and trehalose is a procedure to increase protein
level of yeast cells and improve ethanol production. This work studied on the degradation kinetics of glycogen
and trehalose carried out with two industrial strainSaxdcharomyces cerevisileE-2 and SA-1) and the

effect of different temperatures (38°, 40°, 42° and 44°C) on degradation rate. Endogenous fermentation was
carried out in a yeast suspension at 20% (w/v) based on wet weight, suspended in fermented media with 3.0
to 4.5 % (v/v) of ethanol. The degradation of the carbohydrate reserves at 40°C followed first-order kinetics,
showing that its rate is mainly dependent on the carbohydrate concentration in the cell. The degradation rate
(k) ranged from 0.0387 to 0.0746.nalyzing other parameters at 40°C, it was observed that viability and dry

and wet yeast biomass were reduced while cell protein, ethanol, glycerol and nitrogen in the medium increased.
Glycogen and trehalose degradation at different temperatures (38°, 40°, 42° e 44°C) showed that at 38°C the
degradation rate was slow and from 42°C on the degradation of glycogen stopped after few hours of incubation.
Thus, from a practical point of view, the best incubation temperature is around 40°C. The application of the
Arrhenius equation showed that activation energy from 40° to 42°C was 165.90 and 107PkO4 ezt for

trehalose and glycogen respectively for PE-2 strain, and 190.64 and 149 %67 koal respectively for SA-

1 strain.
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INTRODUCTION which in many instances could become a burdensome pollution
problem. Assuming an average current production of 14 billion
In many parts of the world, several industrial products ariers of ethanol per year in Brazil, the total amount of dry yeast
by-products have become seasonally available. Some a#gdls could reach 11,200,000 t/year, if the figure of 80 kg of yeast
polluting materials but others could be valuable nutrientper n# of ethanol is taken into consideration (5). Even if a
and are broadly known as non-conventional products (13pnservative value of 50 kgfnis assumed, the amount of
Various microorganisms, such as bacteria, yeasts, fungi asny yeast cells available would be 7,100,000 t/year, which is a
algae have been included among non-conventional produatsspectable figure.
They are important sources of proteins, vitamins and minerals, Exponentially growing yeast cells have rather small
yeast cells being the most important for human and animadrbohydrate reserves, but at the end of the growing cycle they
consumption (12). Therefore, it may be noted that yeastrsay accumulate as much as 23% on dry weight basis (10).
considered the most studied eukaryotic organism, becauséreésts are known to store energy in the form of the carbohydrate
the economic relevance of the biotechnological processglycogen (7). The carbohydrate trehalose is also considered as
involved. an energy reservoir (9), but its major function is attributed to
Since the fuel alcohol program was established in Brazil,call protection against stressful environmental factors (7,21).
large amount of yeast cells have been available as a by-prodiitte effect of cell membrane protection during dehydration-
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hydration and freezing-thawing was observed, and sorkermentation of carbohydrate reserves

interaction between trehalose and cell membrane phospholipids This test was carried out in a yeast suspension with ca. 20%

was suggested (6,17). (w/v) wet weight in the fermented media with 3.0 to 4.5% (v/v)
Whatever the cause, the surplus yeast cells from fuel alcolethanol and incubated at different temperatures. Thus there

plants usually have 30% to 35% protein on a dry weight basigs no increase of nutrients. Samples were collected at different

and a considerable amount of carbohydrate reserves (trehaioservals and cell viability, biomass, glycogen, trehalose, and

and glycogen). The commercial value of the product wouldtal nitrogen in the yeast biomass were analyzed. Glycerol,

significantly improve provided thatthe protein content is raiseditrogen and ethanol in the surrounding media were analyzed.

to 40%, or preferably to over 45%. This could be achieved if The data variability was performed by means of the Analysis

these carbohydrate reserves were reduced by a process knofWariance, by the F Test. The data were adjusted to the equation

as endogenous fermentation (1), which metabolizesodels according to the best coefficient values obtained. The

carbohydrates, glycogen and trehalose through a glycolytinalyses were processed by using the program “JMP-SAS”

flux. This process occurs under yeast stress conditions. T(fystem Analysis Statistic).

paper shows the variation of yeast cell component and

surrounding media data during endogenous fermentatioAsalytical methods

performed at different temperature rangingfrom 38° to 44°C. Cell viability (% viable cells) was measured by erythrosine

red staining and observed through an optical microscope.

MATERIALS AND METHODS Ethanol content was measured by distilling 25 mL of the
fermented media in a Kjeldahl micro-distiller and submitted to

Microorganisms and growth conditions digital densimetry (Anton-Paar DMA-48 densimeter).
Two industrial strains oSaccharomyces cerevisiagere Cell biomass (wet weight) was obtained by centrifuging

used: PE-2 isolated from Usina da Pedra sugar mill (Serrana, BPmL of sample (800¢/ 5 min). Dry weight was maintained at
Brazil) during the 1993/94 crushing season, and SA-1 isolat&@0-105°C until it reached a constant weight. Nitrogen content
from Usina Santa Adelia sugar mill (Jaboticabal, SP, Brazil) duringas determined by the Kjeldahl method and converted into
the 1989/90 crushing season, both in Brazil. They were kindbyotein (N% x 6.25). Glycerol content in centrifuged broth was
supplied by Culture Collection of Fermentec S/C Ltdaeterminedthrough high performance liquid chromatography
(Piracicaba, SP, Brazil). (HPLC) (8).

Cultures were grown in 100 mL YEPD broth, pH 6.5-7.0 at Glycogen was determined through Becker’s method adapted
32°C. YEPD had the following composition: yeast extract 10gy Rocha-Ledet al.(19). The sample (60 mg yeast; wet basis)
peptone 10 g; dextrose 20 g and distilled water 1 L. After growtlvas first digested with sodium carbonate 0.25M at 100°C for 90
the yeast suspension was transferred to a propagation mediaim. and then hydrolyzed at 37°C, pH 4.8, with amyloglucosidase
with 6% total reducing sugars (TRS) from sugar cane molasgE€ 3.2.1.3) ofRhizopusp. (Sigma No. A-7255). The amount
supplemented with KIPO,(5 mM), (NH,).SO,(5 mM), urea of glucose formed was determined through the glucose oxydase/
(5 mM), MgSQ.7H.0 (2 mM), ZnSQ.7H,O (0.1 mM), peroxydase method (30°C for 40 min, pH=6.0). The color reaction
MnSQ..H,0 (0.1 mM), linoleic acid (1.0 mL/L) in distilled water. with ortho-dianisidyne was measured at wavelength 525 nm, and
The medium was sterilized at 120°C/20 min. After inoculationthe result was shown as g of glycogen/ 100 g dry yeast matter.
the cultures were incubated at 32°C for ca 48 h with occasional Trehalose was extracted from 60 mg yeast (wet basis) using
stirring. After growth the cultures were left standing at 5°C fazold 0.5M trichloroacetic acid according to Trevelyan and
48 h for cell sedimentation. After sedimentation this culture wagarrison (23,24) and then determined through the anthrone
separated from the fermented media and used in the next stejgegction (3). The colored product was detected at wavelength
pre-fermentation with 15% TRS. 620 nm and the results were presented as g of trehalose/ 100g of

dry matter.
Yeast cell conditioning

Yeast (10 g fresh weigh per 100 mL substrate) was submitted RESULTS AND DISCUSSION
to fermentation at 32°C, usinga mixture of sugar cane juice and
molasses with 15% TRS (w/v) as a substrate (30% of sugar fréinetics of glycogen and trehalose degradation
molasses). After fermentation yeast was collected through In order to analyze the kinetics of carbohydrates degradation,
centrifugation (800 xjfor 20 min). Ethanol in fermented mediaoriginal data of carbohydrate concentration were transformed
and yeast viability were analyzed. This 15% TRS fermentatianto logarithms (10 basis) (Fig. 1). It shows the degradation of
allows trehalose and glycogen to accumulate in the yeast ctthalose and glycogen$ cerevisia¢PE-2 and SA-1) at 40°C.
preparing the yeast for the next step, which is the fermentatitfrihe carbohydrate content log (trehalose and glycogen) were
of carbohydrate reserves. plotted, maintaining the incubation time, a straight line would be
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1.2 Table 1. Degradation rate constants (KHor trehalose and
(A) 0
i glycogen at 40°C.

Trehalose Glycogen
0.0649 (35.5)* 0.0746 (30.9)

Saccharomyces cerevisiae

PE-2
— Saccharomyces cerevisiae
§ i . SA-1 0.0649 (35.5) 0.0387 (59.5)
tm 0.0 . T . | 1 1 *Values between brackets indicate the time, in hours, necessary
= to get 90% of degradation.
21.24
-
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dry weight and carbohydrate content (trehalose and glycogen).
A reduction in the following parameters was noticed during the
treatment: viability; dry and wet yeast weight; carbohydrate
content (trehalose and glycogen). Conversely, the following

©
~
|

0.0 : . : . : . parameters showed an increase: nitrogen content in the yeast
0 4 8 12 16 20 24  andthe medium, and ethanol and glycerol in the medium. Table
Time (h) 2 shows these data after 24h of treatment in comparison to the

original suspension (zero hour — treatment).
Figure 1. Trehalose @) and glycogen®) contents in yeast The protein content increased from 35.3% to 44.2% and
cells treated at 40°C. (&) cerevisia®E-2 and (Bp. cerevisiae from 44.3% to 51.8%, for PE-2 and SA-1 respectively, which
SA-1. resulted in increments of 25% and 17% respectively. This

increase was mainly due to the degradation of carbohydrates

(trehalose and glycogen) since their levels fell from 15.6% to
observed (Fig. 1), indicating that degradation is a function 6f0% and 24.8% to 7.4%, for PE-2 and SA-1 respectively. The
carbohydrate concentration and follows a first kinetics orderell dry weight reduction was only 1.94% and 1.56%,
Using this approach the carbohydrate constant degradation rapectively, for PE-2 and SA-1. The release of nitrogen from
(k) was determined by the straight line of the Fig. 1 as shownyeast cells to the medium was only 1.18% and 2.83%, for PE-2
Table 1. These data indicated that about 70% of carbohydraaes SA-1 respectively, and most of the protein was maintained
were removed from the cells within 2 days of incubation. This the yeast cells. One must consider that these data were
study shows that the kinetics of degradation follow the equatiobtained from laboratory grown yeast. In an actual industrial
of the first order, indicating that speed is an exclusive function efjuation the overall protein content is usually lower due to the
the concentration of carbohydrates present in the cell, thereforgurities normally found in industrial must. Hence, 33-35% of
there would be different rates of degradation of theg®otein content must be considered normal and an increment of
carbohydrates according to their concentrations inside the cell§% to 20% was expected with this treatment.
which justifies the differences found in the values in Tables 1 and 3. Most of the carbohydrates were transformed into ethanol

Since the commercial value of dry yeast depends on dsring the endogenous fermentation (unplublished data), which

protein content, it is highly desirable for this figure to be aboveuld be an additional advantage to the alcohol industry. In
40% on a dry weight basis. Normal dry yeast obtained in futlis paper, this conversion was incomplete and rather variable:
alcohol plants, without any treatment, contains 33 to 35%2d.0% and 41.0%, respectively, for PE-2 and SA-1. In an ideal
proteins, but they could be increased by means of &rmentation these figures should be above 45% (2) although
endogenous fermentation process as shown by Amorim aglgicerol, organic acids and other metabolic by-products must
Basso (1). The mechanism involved in this fermentation process produced during the process.
and some data about the rate of glycogen and trehalose
degradation will help with finding the proper temperature an@lycogen and trehalose degradation at different

treatment time required for better efficiency. temperatures
Table 3 shows the trehalose and glycogen constant
Other parameters at 40°C degradation rate of PE-2 and SA-1 strains submitted to

The variations of several yeast suspension parametersdogenous fermentation at temperatures of 38°C, 40°C, 42°C
during incubation at 40°C are shown in Table 2. They could bad 44°C. The temperature rise from 38°C to 40°C caused a small
satisfactorily described by &®rder equation, except for yeastincrease in the degradation rate. However, a remarkable variation

251



S.C.L. Paulilloet al.

Table 2.Variation in different parameters during endogenous fermentation at 40°C for 24 h.

Parameter Units 0Oh 24 h Variation
PE-2
Yeast protein g/100g dry wt. 35.27 44.20 +8.93
Yeast viability % (n°/n°) 99.3 83.90 -15.4
Yeast biomass (wet wt.) g/100 mL broth 19.19 16.84 -2.35
Yeast biomass (dry wt.) g/100g wet biomass 26.38 24.44 -1.94
Carbohydrates(TRE+GLY) g/100 g drywt. 15.63 0.00 -15.63
Carbohydrates(TRE+GLY) g/100 mL broth 0.770 0.130 -0.640
Ethanol g/100 mL broth 3.47 3.64 +0.17 (336)*
Nitrogen in broth 2/100 mL broth 0.13 0.19 +0.06 (1.18)
Glycerol 2/100 mLbroth 0.59 0.02 +0.043
SA-1
Yeast protein 2/100gdrywt. 4229 51.82 +9.53
Yeast viability % (n°/ n°) 91.33 59.82 -31.51
Yeast biomass (wet wt.) g/100 mL broth 20.40 16.97 -3.43
Yeast biomass (dry wt.) 2/100g wet biomass 25.80 24.24 -1.56
Carbohydrates(TRE+GLY) 2/100 g drywt. 24.76 7.45 -17.31
Carbohydrates(TRE+GLY) 2/100 mL broth 1.300 0.001 - 1.299
Ethanol 2/100 mL broth 3.07 3.49 +0.42 (7.98)*
Nitrogen in broth g/100 mL broth 0.063 0.213 +0.149 (2.83)
Glycerol 2/100 mLbroth 0.277 0.309 +0.032
*Figures within parenthesis are variations of parameters related to dry cell weight.
Table 3.Trehalose (TRE) and glycogen (GLY) degradation rate 1 q_ A)
constants () for yeast cells incubated at various temperatures. _\J
Yeast 38°C 40°C 42°C 44°C 0.0 , =
PE-2 TRE  0.0243 0.0291  0.1580  0.2030 ] .
GLY  0.0412 0.0459 0.1380 0.2650 1.04
SA-1 TRE  0.0396 0.0239 0.1670  0.2300 ' . R
GLY 0.0360 0.0334 0.1540 0.1500 7

was observed as the temperature was changed from 40°Gsto '
42°C. The constant degradation rate, at 42°C was 5 timesas

high as at 40°C. Higher temperatures are not recommended in0-0
real practice, since glycogen degradation ceases after 8-12h of
incubation at 42°C during the fermentation with PE-2 strain. A _{ o

similar situation was observed after 4-8 h at 44°C during the
fermentation with SA-1 strain. These results might indicate that

the glycogen-degrading system (debranching and/or-2-0-

x (g/100g)

2.0-

0_
\/ (®)

24 28 32
Time (h)

phosphorilase) is sensitive at high temperatures (Fig. 2 and@}ura 2. Trehalose @) and glycogen®) contents in yeast

Nevertheless, the trehalose degrading system was not affecigfs treated at 42°C. (). cerevisia®E-2 and (BF. cerevisiae
by higher temperatures (42°C or 44°C).

The Arrhenius plot (14) applied to the degradation rate data

SA-1.

at varying degrees of temperature (38°C, 40°C, 42°C, 44°C) shbhe activation energy (DE) value calculated between 40°C and
that the degradation reaction is not linear (Fig. 4). The highe&2°C (165.90 and 107.94 kcaf2knol* for trehalose and glycogen
degradation reaction speed was observed at temperatwespectively for PE-2 strain, and 190.64 and 149.87 kcatft
between 40°C and 42°C whereas, the degradation speed Waspectively for SA-1 strain) indicates that these values are
lower atlevels of temperature either below or above this intervabove the normal levels of enzymatic reactions, yet they are
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Mobilization of glycogen and trehalose

by fact that both synthesis and degradation processes are
somehow stimulated by an increase of temperature (11,15,18).
This situation may be responsiblefor the S shaped curves in
Arrhenius plot.
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RESUMO

Mobilizac&o do glicogénio e trealose enddgenos de
leveduras industriais

A fermentacdo dos carboidratos de reserva, glicogénio e
trealose € um procedimento para aumentar o nivel de proteina
das células de leveduras com simultdneo aumento na producgéo
de etanol. Este trabalho estudou a cinética de degradacéo do
glicogénio e trealose em duas linhagens industriais de
Saccharomyces cerevisif@gE-2 e SA-1), bem como o efeito de
diferentes temperaturas (38°, 40°, 42° e 44°C) na velocidade de
degradacdo. A fermentacdo enddgena foi conduzida com
suspenséo de leveduras a 20% (m/v) em massa Umida, no vinho
com 3 a 4,5% (v/v) de etanol. Adegradacao dos carboidratos de
reserva, a 40°C, seguiu uma cinética de primeira ordem,
mostrando que sua taxa € dependente da concentracdo dos
carboidratos na célula. A taxa especifica de degradacao (k) variou
de 0,0387 a 0,0746:HEm relagéo a outros parametros analisados
a 40°C, foi observado que a viabilidade e biomassa seca e Umida
foram reduzidas, enquanto a reserva de proteina celular e etanol,
glicerol e nitrogénio no meio aumentaram. A degradacdo do

Ylicogénio e trealose em diferentes temperaturas (38°C, 40°C,

rate (k.h') from yeast cells athigh t'emperatures. Trehal®e ( 400c ¢ 44°C) mostrou que a 38°C a taxa de degradacéo foi a
and glycogen@) from S. cerevisiae PE-2; trehalose () anfhenor. a0 passo que a partir de 42°C ou superior, a degradagéo

glycogen (D) fronS. cerevisiaSA-1.

do glicogénio ndo mais progrediu apds poucas horas de
incubacdo. Portanto, do ponto de vista pratico, a melhor
temperatura de incubagéo é em torno de 40°C. A aplicacdo da

comparable to the deactivation of cell viability at higlequacdo de Arrheniusmostrou que as energias de ativagédo de
temperatures (20). This high activation energy is usual40°C a 42°C foram 165,90 e 107,94 kcal Ao para trealose e
associated with complex phenomena like the death of bactegéitogénio respectivamente para a linhagem PE-2, e 190,64 e
spores and vegetative cells. Denaturation of bacterial cell specid9,87 kcal.°KR/mol?, para a linhagem SA-1 respectivamente.

less sensitive to heating, likeetobacter acetshowed lower

rate of activation energy (25 Kcal.ml(16) but yeast cells Palavras-chave:Saccharomyces cerevisiaglicogénio,

showed a very high rate (1750 Kcal.mip(6).

trealose, levedura, fermentacéo.

The trehalose degrading process is carried out by trehalase
(22) and t.he glycogen process by glycogen phqsphonlgse and REFERENCES
debranching enzymes (25). Trehalose synthesis is carried out

by trehalose synthetase and trehalose phosphatase while
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glycogen synthesis is performed by synthetase and branching ajcoslicos do vinho e protéico da levedura apés o término da
enzymes. The complexity of this phenomena could be illustrated fermentacéoBrazlian Pat. P.1.,9:102.738, Jun. 28, 1991.
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