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Effects of Chemical, Biochemical and Physical Treatments on the
Kinetics and on the Role of Some Endogenous EnzymesAction of
Baker’'sYeast Lysisfor Food-Grade Yeast Extract Production

S. Boonraeng?, P. Foo-trakul2 ,W. Kanlayakrit2 and C. Chetanachitra3

ABSTRACT

The effects of chemical, biochemical and physical treatments on lysis of baker’s yeast cells were
studied at pH 5.2 and temperature 54 °C. An unstructured kinetic model of first order was devel oped to
understand the mechanism of yeast lysis. The autolysisrate constant (k), yield factor for protein (Bp), total
carbohydrate (3) and autolysate (o , ) were sensitiveto disruption methods. Since there were endogenous
enzymes in the yeast cells such as proteinases, glucanases and carboxypeptidases, these enzymes were
responsible for synergistic of cell disruption and their activity profiles were affected by different treating
methods. From the determined results of amino acids composition in yeast autolysate, there were
differencesinamino acid content. Thebiochemical treated sampl e using 0.1% papain gavethe highest total

amino acid content among all analysed samples.
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INTRODUCTION

Y east extracts are used widely in food with
two main purposes, i.e., to improve the flavor of
food to satisfy consumer and to increase the
nutritional value of food (Moresi et al., 1995). The
consumption of yeast extractintheworld marketin
1994 was 35,000 metric ton or 200 millions U.S.
dollar and it is expected that by the year 2,000 the
consumption will increase to 70,000 metric ton
(Keeman and Snick, 1994).

Thenormal methodto produceyeast extract
is by adjusting the environmental conditionsto be
suitablefor yeast autolysisandtheproductiscalled
yeast autolysate. Other methodshavebeen doneby

the chemical, biochemical and physical conditions
to increase the autolysis reaction (Kelly, 1983).
The previous studies indicated that the suitable
chemical methodwasdoneby mixing40g. of fresh
yeast in 100 ml solution containing 5% ethanol
(95% pure) by volume and 5% NaCl by weight.
This processing method causes cell plasmolysis
resultingintherel easeof enzymesand other material
inside the cell (Reed and Nagodawithana, 1991).
Sugimoto (1974) found that using 1-9 percent
ethanol by volume mixing with 2-10 percent of
NaCl by weight of fresh yeast will help increasing
the autolysis rate. The biochemical method using
0.1 percent papain enzyme by wieght of fresh
yeast. The physical method was done by breaking
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theyeast cell using homogenizer twiceat 8,000 |b/
in2 pressure. All three methods were done at pH
5.2,54°C (Foo-trakul € al., 1998). Therearemany
enzymes released from yeast autolysis such as
protease, (1-3), B(1-6) glucanase, mannase and
kitanase (Breddam and Beenfelt, 1991). The
mechanism of these enzymes are complex and
controlling of the enzyme reactions are rather
difficult. Studying the kinetic of yeast autolysisis
one way to explain the phenomena and help to
understand the process better. The purpose of this
experiment isto construct the unstructured models
of kinetic of yeast autolysisby studying the effects
of using chemical, biochemical and physical
methodsand theroleof important enzymesinyeast
autolysis. The basic information obtained will be
used to develop the structured models later. The
amino acid contentsin yeast extract sampleswere
analyzed for further improvement.

MATERIALSAND METHODS

1. Studying of kinetic of Baker’syeast autolysis
and therole of related enzymes

Prepared cells of fresh Baker’s yeast at 40
percent concentration by weight for chemical and
biochemical treatments and 30 percent
concentration by weight for homogenization,
adjusted pH to 4.5 for treatments. The chemical
method used about 5 percent by volume at 95
percent pure ethanol or 5 percent by weight of
sodium chloride and 40 gram of fresh yeast in 100
ml. solution. The biochemical used 0.1 percent by
weight of papain. The physical method was done
by feeding the yeast sampl esinto the homogenizer
at 8,000 Ib/in? pressure and incubated at 54°C for
24 hours. Thesampleswerecentrifugedto separate
the yeast cells and discarded the cells. The clear
supernatant samples were analyzed for protein
content using Lowry’s method (Herbert et al.,
1971) and the content of yeast autolysate using

Hill’s method (1981), tasting proteinase enzyme
activity using Walker's method (1981), testing
carboxy peptidase enzyme activity by Saraetal.’s
method (1988) and testing glucanase enzyme
activity using Rechielt and Fleet’ smethod (1981).

2. Amino acids analysis
Aminoacidsanalysisweremadefor samples
of yeast autolysate obtained from treatments such
as control samples left under autolysis at pH 5.2
and54°C, chemical treated samplesusing 5 percent
sodium chloride by weight mixed with 40 gram of
fresh Baker's yeast in 100 ml solution and the
biochemical method using 0.1 percent by weight of
papai nenzyme. Thesampl esobtainedfrom physical
treatment was not analyzed for amino acid content
because the yeast autolysate obtained wastoo low
(Foo-trakul et al., 1998). All samples were
centrifuged to separate the cell debris and
concentrated in vacuum evaporator using amino
acid analyzer of Shimadzu Co. Ltd. at Thailand
Institute of Scientific and Technological Research.

RESULTSAND DISCUSSION

1. Thekinetic of Baker'syeast autolysis

The kinetic of Baker’'s yeast autolysis and
the effects of chemical and physical treatmentsin
thisstudy wasasimpleunstructured model modified
fromMoresi et al. (1995). It was proposed that the
yeast cell iscomposed of cell wall tissues, cytosol
and various organnels. All these are combined to
become biomass of yeast cell (C,). Hunter and
Asenjo (1987b) madeahypothesisthat yeast cell is
composed of protein (Cp), carbohydrate (C_) and
other componentsthat can bereleased fromthecell
and arein solubleforms. All these componentsare
grouped together in the form of “autolysate” (C,)
(Hill, 1981). From the above hypothesis we could
write the following
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From the above simple model we could
formthemathematical relationshipsasthefollowing

dCy

o = K(Cx-Cx) (1)
dc
=P = _ap(dCy/ dt) )
dt
dc
—C = .ac(dCy/ dt) A3)
dt
dc
d—tA = -0, (dCy/ df) 4

Considering the relationships of the
mathematical models, the amount of protein and
carbohydrateisapart of obtained autolysate. Thus,
from equation (2) and (3) anew relationship could
be written as :

dC
5 = Pe(dCy/dy (5)
dCc
& = Bc(dCydy (6)

WhenCX :CXO y CP:CPO’ CC:CCO’ CA
= Cppandt =0 integrate the equations (1), (4), (5)
and (6) will get

In(Cx ~Cxe)
(Cxo-Cx) =~ 0
As:C, = Cyg-0a(Cx-Cyp) (8

Cp
Cc

Cro-Bp(Ca-Cag) (9
Cco-Bc(Ca-Cpo) (10)

The relationship between the amount of
yeast (C,) that was autolyzed and the time was
shown in Figurel. When substituted all the data
into equation (7) and used non linear regression
method, the parameter C, , and constant value of
yeast autolysis (k) could be found from samples
under different treatments. Therel ationshipbetween
the increasing amount of autolysate and the
decreasing amount of yeast was shownin Figure 2.
The same results were obtained from the
relationships of protein, carbohydrate and the
increasing amount of autolysateasshowninFigure
3 and Figure 4, respectively.

After substituting the data obtained from
the experiment into equations (8), (9) and (10) and
using the least square method, the constant values
of a,, Bp and B, would be obtained as shown in
Tablel. Itwasfoundthat theconstant valuesa 4, Bp
and B, of the samples treated under different
conditions would have regression coefficient (r2)
more than 0.90 but some samples had lower (r?)
than 0.90. Thiswasdueto thefact that the proposed
model wasasimpleunstructured model, soit could
not well explain the complex reactions. If it is
changed to structured model the value of more
variablesare needed, such asprotein whichwill be
classified according to the source obtained from
various part of the cell. They would be used to
develop and modified to obtain basic information
needed to forecast some of the yeast autolysis
processthat could not bemeasured directly (Hunter
and Asenjo, 1987a).
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Table1l Kinetic parameters and stoichiometric constant of Baker’s yeast lysis as performed at pH 5.2,
temperature 54 “C under different treatments.

Parameters
Treatments
Cyo (@) Kk (hD) an (P Bp () Be (P

Control 70.79  0.239 0.503 (0.87) 0.689 (0.93) 0.416 (0.94)
5% ethanol 66.47 0.306 0.625 (0.88) 0.833 (0.97) 0.257 (0.95)
5% NaCl 65.52 0.449 0.747 (0.95) 0.861 (0.98) 0.262 (0.78)
5% ethanol +5% NaCl 61.78 0.537 0.672 (0.96) 0.894 (0.97) 0.238 (0.92)
0.1%papain 5238 0.320 0.784 (0.96) 0.731 (0.94) 0.311 (0.80)
Homogenization 5280 0.667 0.529 (0.78) 0.839 (0.95) 0.539 (0.88)

(8,000 psi)
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2. Activitiesof enzymesrelated to Baker’ syeast
autolysis

Therewere many enzymesworking during
autolysisof Baker’' syeast. Theenzymesthat played
important roles were proteinase, glucanase and
carboxy peptidase (Asenjo and Andrew, 1990).
The enzymes activitiesin the yeast samples under
different treatments were shown in Figure 5. The
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activities of enzymes were reported as percent of
the highest valuein each sample. It wasfound that
the activity of proteinase from all samples except
the one under homogenization would show their
activitiesstarting from the second hour and had the
highest activity after 6 hours comparing to the
control sample in Figure 5-A which showed the
highest activity after 8 hours. Neklyudov et al.
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Figure5 Endogenous enzyme activities during autolysis process of yeast at pH 5.2 and temperature

54°C.
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(1993) had studied the activities of these enzymes
duringyeast autolysisusingtolueneand chloroform
as plasmolyzer and found that the enzymes could
work well after the yeast autolysis had been done
for 4 and 6 hours respectively at 50-55°C.

Itwasfoundthatinthehomogenized samples
the proteinase had about 65 percent of its highest
activity starting from the first hour. This showed
that homogenization could break the yeast cell
causingthereleaseof enzymestodigesttheprotein.
Anyway the enzyme activity would reduce after 6
hoursbut increasing again after 12 hours(asshown
in Figure 5-F). It was possible that there were
different kinds of proteinase and the onesthat play
important roles were proteinase YSC A and
proteinase Y SC B. During thefirst 4 hoursenzyme
YSC B could start working first (Reed and
Nagodowithana, 1991). Hayashi et al. (1967) had
separated 3 kinds of proteinase (A, B and C) from
Baker’ syeast autolysate. After testingtheir activities
at pH 5.0itwasfoundthat theactivitiesof enzymes
would be highest starting with proteinase Y SC B
after 6 hour of incubation and proteinase YSC C
whichworked at about the sametime as proteinase
Y SC A at thelast hour of the experiment or at the
30t hour.

The activities of glucanase enzyme from
every sampleexcept theonetreated with 5% ethanol
mixed with 5% NaCl (Figure 5-D) showed the
highest activity at about thesametimeasproteinase.
Theglucanasewaslocated near thecell wall (Fleet,
1991) and its main position was located at
periplasmic space (Reichelt and Fleet, 1981). Thus
when the cell wall was destroyed it could readily
start working.

The carboxy peptidase had the highest
activity during the last period comparing to the
other two enzymes in the case of control, ethanol
and NaCl treated samples and the sample treated
with papain. Breddam and Beenfeldt (1991) used
0.25 ml ether per gram of fresh yeash and left it for

autolysis at pH 7.4 and found that the activity of
carboxy peptidasewould behighest after 18 and 20
hours. These results were close to the control
sample and NaCl treated sample which showed
highest enzyme activity after 20 and 16 hours
respectively. Empter and Wolf, 1984 reported that
the carboxy peptidase would work faster dueto the
dertruction of vacuoles which are the collector of
enzymes such as carboxypeptidase Y and S. This
would cause fast release of enzymes. Considering
theactivity of enzymesrelated tothe Baker’ syeast
autolysis, itwasnotedthat protei naseand glucanase
startedworkingfirst by digestingtheyeast cell wall
and glucan, respectively. The carboxy peptidase
enzyme would work during the last period by
digesting protein from different parts of the cell.
The work of enzymes observed in this study was
similar to theyeast autolysisasreported by Hunter
and Asenjo (1988b).

3. Amino acid analysisin yeast autolysate

The results of amino acid analysis of the
control, NaCl treated and papain treated samples
areshownin Table 2. It could be seen that the total
amino acid content werelisted from themost tothe
least for papain treated, control and NaCl treated
samples. The papain treated samples gave higher
essential aminoacid contents. They werethreonine
(Thr), valine (Val), methionine (Met) isoleucine
(lle),leucine(Leu), phenylalanine(Phe), andlysine
(Lys) which was much higher than other samples.
Glazer and Smith (1971) reported that the peptide
bond from lysine was easily digested by papain,
Table 2 showed that papain treated samples had
lower alanine (Ala) content than control and NaCl
treated samples, this might caused by complex
yeast protein molecules which were digested to
peptides and woul d have the amino acid sequences
asfollowing. Thephenylaaninewasat theposition
2 next to the carboxy! group (C-terminal) such as-
Ala-Ala-Phe-Lys-COO- or -Ala-Ala-Phe-Ala-
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Table2 Amino acids composition in yeast autolysate.

Amino acids Y east autolysate
(9/100 g dry extract) Control 5%NaCl 0.1% papain Maxazomel/
(9/100 g product)
Aspartic acid 5.09 4.02 6.34 4.2
Threonine 1.98 1.66 2.78 1.9
Serine 213 1.63 2.64 1.9
Glutamic acid 7.41 7.64 7.35 6.0
Proline 1.75 1.46 2.18 15
Glycine 294 2.20 2.59 1.9
Alanine 4.56 343 291 2.7
Cystine 131 0.54 1.10 no data
Valine 2.50 219 3.38 29
Methionine 0.43 0.42 0.69 05
Isoleucine 1.87 1.87 3.00 17
Leucine 2.83 2.70 4.23 2.6
Tyrosine 1.23 1.18 1.30 13
Phenylalanine 171 154 2.36 15
Histidine 0.95 0.85 1.30 0.8
Lysine 3.63 3.13 4.78 29
Arginine 193 2.04 291 2.0
Tryptophan 0.33 0.36 0.56 no data
Total amino acids 42.94 37.96 50.74 36.30
(except tryptophan and
cystine)

1/ Datafrom Keeman and Snick (1994) and product has 80% dry solid

COO . This type of peptide chain would inhibit
papain from digesting the bond of Ala(Glazer and
Smith, 1971). When comparing 16 amino acids
except tryptophan and cystine of yeast autolysate
in this study with the commercial sample or
Maxaromwhichistheyeast autolysat produced by
Gis-brocadescompany of Netherlands. It wasfound
that the papain treated smpleshad moreamino acid
content. The Mexarome had 80% total dry weight.
After convertingto 100 gram dry sample. Thetotal

16 amino acids would be 45.38 g comparing to
42.94 g of control sample and 50.74 g of papain
treated sample.

CONCLUSION

After studying thekinetic of yeast autolysis
under chemical, biochemical and physical
treatments. It was found that the developed
mathematic models could explain the processto a
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certain extent. The enzymeswhich play important
role were proteinase, glucanase and carboxy
peptidase. During the first period of digestion
proteinase and glucanasewould start workingfirst,
after that carboxy peptidasewould digesttheprotein
to make it smaller and became amino acid. The
result of aminoacid analysisshowedthat thesamples
treated with papain had higher amino acid content
than other sampl es. It wasconcludedthat production
of yeast autolysate was best done by papain
treatment. It was recommended that the feasibility
study of using yeast autolysate should be done as
well as increasing the production capacity and
testing for consumer acceptance.

Symbols

C, : amountof autolysate(g/100gyeast dry wt.)

Cc : amount of carbohydrate (g/100 g yeast dry
wt.)

Cp : amount of protein (g/100 g yeast dry wt.)

Cy : amount of yeast (g dry wt./I)

k : constant for yeast digestion rate (h'1)

a, : coefficient of autolysate yield

Bc . coefficient of carbohydrate yield

Bp : oefficient of proteinyield

0 : origina point

o : last point or equilibrium point
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