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bstract

This study examines hydrothermal decomposition of Baker’s yeast cells, used as a model for spent Brewer’s yeast waste, into protein and amino
cids. The reaction was carried out in a closed batch reactor at various temperatures between 100 and 250 ◦C. The reaction products were separated
nto water-soluble and solid residue. The results demonstrated that the amount of yeast residue decreased with increasing hydrolysis temperature.
fter 20 min reaction in water at 250 ◦C, 78% of yeast was decomposed. The highest amount of protein produced was also obtained at this condition

nd was found to be 0.16 mg/mg dry yeast. The highest amount of amino acids (0.063 mg/mg dry yeast) was found at the lowest temperature tested
fter 15 min. The hydrolysis product obtained at 200 ◦C was tested as a nutrient source for yeast growth. The growth of yeast cells in the culture

edium containing 2 w/v% of this product was comparable to that of the cells grown in the medium containing commercial yeast extract at the

ame concentration. These results demonstrated the feasibility of using subcritical water to potentially decompose proteinaceous waste such as
pent Brewer’s yeast while recovering more useful products.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Spent Brewer’s yeast, the by product from the brewing indus-
ry, is being produced in large amount annually from main beer

anufacturers due to increased volume of beer production. It is
enerally sold primarily as inexpensive animal feed after inac-
ivation by heat, and much of this by product is considered
ndustrial organic waste that causes a great deal of concerns.
uch wastes are generally incinerated or put into landfill, in
hich case, the remaining proteins and amino acids, and other
seful substances were not recovered. In addition, incineration
f organic waste often gives toxic emission whose distribution

egree is even higher than that of organic solid waste. Attempts
ave been made to recover higher value protein and amino
cid products from spent Brewer’s yeast [1] by employing var-
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ous processes such as autolysis, plasmolysis [2,3] in organic
alt solution or non-polar organic solvent, acid or alkali cat-
lyzed hydrolysis, or enzymatic hydrolysis [1,4]. Plasmolysis
nd alkali or acid hydrolysis involves use of harmful chemicals
nd washing off these chemicals leads to generation of wastew-
ter. Autolysis and enzymatic hydrolysis is therefore preferred,
owever autolysis requires long process time and the enzymes
re usually costly to be practical in large scale.

Recently, hydrothermal conversion of organic wastes into
ore valuable substances using sub- or supercritical water with-

ut oxidants has been investigated. In this process, the ion
roduct and dielectric constant of water play an important role.
t the temperature below the critical point, the ion product of

ubcritical water, Kw, increases, for example, to approximately
0−11 at 250.3 ◦C and 25 MPa. The value then decreases to

0−16 at the critical point (374.2 ◦C) [5–7]. Two major types of
eaction take place in sub-or supercritical water: oxidation and
ydrolysis. Supercritical water oxidation is a process that con-
erts organic materials completely into carbon dioxide, water,
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Table 1
Approximate gross composition of dried yeast cells

Composition Chemical composition (% as dry matter)

Brewer’s yeast
(S. uvarum)

Baker’s yeast
(S. cerevisiae)

Protein 48 42–46
Carbohydrates 36 30–37
Minerals N/A 7–8
Nucleic acids N/A 6–8
Lipids 1 4–7
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nd nitrogen, and has been extensively studied [8,9]. The milder
eaction, hydrolysis, is typically carried out in subcritical water.
ydrothermal conversions of cellulose [10–12] and disaccha-

ides [13] in sub- and supercritical water have been studied.
hese materials were found to convert very rapidly into glucose
nd low-molecular-weight carboxylic acids [10–12,14]. Subcrit-
cal water hydrolysis of proteinaceous materials such as fish meat
15] and silk fibroin [16] into organic acids and amino acids was
lso examined.

For ease of storage and handling, here, dried Baker’s yeast
as used as a model for spent Brewer’s yeast for the hydrother-
al decomposition study. This is due to the fact that Baker’s

east and Brewer’s yeast have close resemblance in their phys-
cal compositions (Table 1). The purpose of this investigation
as to determine the effect of temperature and hydrolysis time
n the amount of residual yeast, TOC, and the amount of pro-
ein and amino acids in the soluble products. The hydrothermal
eaction was carried out in a batch reactor, and the results were
ompared with those obtained by autolysis of yeast cells. More-
ver, the usefulness of the hydrolysis product as a nutrient source
or the yeast growth itself was demonstrated and the result was
ompared with that obtained with commercial yeast extract. In
ddition, a kinetic model for the hydrothermal decomposition
f yeast cells was proposed and corresponding parameters were
etermined.

. Experimental

.1. Subcritical water hydrolysis

Baker’s yeast (Oriental Yeast Co., Ltd., Japan) was suspended
n distilled water to about 10 w/v%. Then, 5 ml of this yeast sus-
ension was charged into a 5 ml stainless steel (SUS-316) closed
atch reactor (AKICO Co., Japan). The reactor was then heated
ith an electric heater to the desired temperature (100–250 ◦C).
he schematic diagram of the apparatus is shown in Fig. 1. The
ressure in the reactor was estimated based on saturated steam to
e between 101.35 kPa and 3.97 MPa for the temperature range
tudied. After a desire reaction time (5–30 min), the reactor was

mmediately cooled to room temperature by immersion in a cool
ater bath. The liquid and solid contents in the reactor were col-

ected and the remaining solid in the reactor was washed out with
ater. The residual yeast was separated from the soluble product

w
v
r

Fig. 1. Schematic diagram of subcritical water hydrolysis apparatus.

ith a filter paper (Whatman no. 1) and weighed after drying in
vacuum oven at 50 ◦C. The soluble portion was assayed for the
mount of protein, amino acids, and total organic carbon (TOC).

.2. Autolysis

Yeast suspension was adjusted to obtain the pH of 5.2 using
.5 N hydrochloric acid solution. Then autolysis was allowed
o take place in a stirred vessel (Julabo HC-2/8, Labortech-
ik GMBH, Germany) at 50 ◦C. After autolysis for 19 h, the
utolysate was heated to 85 ◦C for 20 min to terminate the
nzyme activity. After autolysis, the weight of the yeast residue
as measured and TOC and the protein and amino acid contents
f the soluble product were measured.

.3. Analytical methods

The protein content of the soluble portion was assayed using
owry, 1951 method [17] using bovine serum albumin (BSA)
s a standard. Amino acids content was analyzed by Ninhydrin
ssays [18] using l-glutamic acid as a standard. Briefly, Nin-
ydrin reagent, containing 1 ml of 1%w/w ninhydrin solution,
.4 ml of 55% v/v glycerol solution, 0.2 ml of 0.5 M citrate buffer
nd 100 mg/ml manganese chloride, was added to 0.2 ml of the
ample solution. The mixture was then shaken and boiled for
2 min, after which it was cooled in a water bath. Spectroscopic
bsorbance of the sample mixture was then measured at 570 nm
n triplicates.

The TOC of the soluble reaction products was measured with
TOC analyzer (Shimadzu TOC-5050A), into which 7 �l of

queous phase was injected. TOC was calculated by subtracting
norganic carbon (IC) from total carbon (TC). The IC values
ere less than 10% of the TC values for all samples examined.
The TOC yield of the aqueous phase was defined by the fol-

owing equation:

TOC × V
w

here TOC, V, and w were TOC of the aqueous phase [mg/l],
olume of the aqueous phase [l], Baker’s yeast weight [mg],
espectively.
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.4. Use of hydrolysis product on yeast growth

The hydrolysis product was tested as a nutrient source for
east growth. Because the 5 ml reactor employed in this study
as too small to prepare a large amount of yeast product required

or yeast growth, the sample was thus prepared in a 120 ml auto-
lave reactor. The product was obtained after 5 min at 200 ◦C
ydrolysis temperature. The yeast (Saccharomyces cerevisiae)
uspension was precultured overnight in a medium comprised
f 2 w/v% of glucose (Wako Chemical Industries, Ltd., Japan),
w/v% of commercial yeast extract (Merck KgaA, Darmstadt,
ermany), and 2 w/v% peptone (Wako Chemical Industries,
td., Japan) in 60 ml distilled water. Under sterile condition,
ml of this culture was added to each of the culture flasks con-

aining 100 ml of different culture medium that was autoclaved
t 110 ◦C for 10 min and cooled prior to use. The different culture
edia tested were (1) control medium which was a 2 w/v% glu-

ose solution in distilled water, (2) the test medium containing
w/v% of glucose and 2 w/v% of subcritical water hydrolysis
east product (3) a culture medium containing 2 w/v% of glucose
nd 2 w/v% of commercial yeast extract granulated for micro-
iology (Merck KgaA, Darmstadt, Germany). The test cultures
ere incubated in a Controlled Environment Incubator Shaker

New Brunswick Scientific Co., Inc., Edison, NJ, USA) at 30 ◦C
nd 200 rpm. The yeast growth was examined by sampling the
uspension every 2 h for the measurement of the optical density
ith UV–vis spectrophotometer (UV-1201, Shimadzu Corpo-

ation, Japan) at 660 nm. All experiments were carried out in
riplicate.

. Results and discussion
.1. Amount of residual yeast and TOC of soluble product

The reaction products consisted of two parts: solid yeast
esidue and aqueous solution. Fig. 2 shows the photographs of

ig. 2. Soluble reaction product obtained at 125, 200, and 250 ◦C after 10 min.
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F

ig. 3. Effect of reaction time and reaction temperature on residual weight of
ry yeast.

he soluble reaction products at 125, 200, and 250 ◦C after the
eaction time of 10 min. The color of the soluble product became
arker as more organic content are dissolved. Also, cells started
o burn at high temperature.

The weight of residual yeast decreased with an increase in
emperature because at high temperature, hydrolysis proceeded
o the larger extent than at low temperature (Fig. 3). When the
eaction temperature was increased to 250 ◦C (3.97 MPa), the
esidual weight of solid was about 0.22 mg/mg of dry yeast.
his is a 78% reduction of the total solid waste, which is signif-

cantly higher than that obtained after 19 h of autolysis in which
nly 32% was hydrolyzed. The conversion of yeast cells into
oluble products was supported by the TOC of the soluble prod-
cts, which was generally found to increase as the temperature
ncreases (Fig. 4).

From Fig. 4, it can be seen that TOC yields increased
nd became stable after 10 min under temperature conditions
ower than 200 ◦C. TOC yields were found to increase from
.04 mg C/mg of dry yeast at the start of the reaction and reached
he highest yield of about 0.42 mg C/mg of dry yeast after 20 min

t the reaction temperature of 200 ◦C (1.55 MPa), indicating that
bout 42% of the organic carbon in dry yeast cells was recov-
red into soluble solution. The TOC yield of the soluble product

ig. 4. Effect of reaction time and reaction temperature on TOC of supernatant.
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was described by the following kinetic model.

−dC

dt
= −ryeast = kC

1 − k′C
(1)
ig. 5. Effect of reaction time and reaction temperature on protein production.

fter a 19 h autolysis process was found to be only about 22.8%,
ndicating that the lower amount of organic carbon in dry yeast
ells was recovered. This was about 50% lower than the TOC
ield obtained by hydrolysis with subcritical water (at 200 ◦C,
0 min). However, at the temperature of 250 ◦C, the TOC values
ecreased at higher reaction times and were lower than those at
00 ◦C. This result suggested that formation of gaseous prod-
ct might have occurred at these conditions and that some part
f water-soluble may be converted to water-insoluble through
arbonization.

.2. Soluble protein product

The effect of the temperature and time of subcritical water
n the hydrolysis yield was determined. As shown in Fig. 5, the
ield of protein almost reached plateaus by 5 min for all reac-
ion temperatures. The amount of protein produced increased
ith an increase in temperature and was the highest for the reac-

ion that took place at 250 ◦C (3.97 MPa) for 20 min, which was
.16 mg/mg of dry yeast. At higher temperature, the product
as found to decrease when the reaction was extended beyond
0 min. When compared with the protein yield of Baker’s yeast
btained by autolysis process (0.095 mg/mg of dry yeast after
9 h), the protein yield obtained by hydrolysis in subcritical
ater was higher at the above condition. This demonstrates that
ydrothermal decomposition yields valuable protein products in
avorable amount in a short time.

.3. Total amino acids product

The results in Fig. 6 revealed that the amount of total amino
cids produced decreased with an increase in temperature. The
ighest yield was obtained at 100 ◦C (101.35 kPa) for 15 min
eaction time, and was found to be 0.063 mg/mg of dry yeast.
ompared with the total amino acids yield obtained after 19 h of
utolysis (about 0.45 mg/mg of dry yeast), the amino acids yields

btained by hydrolysis of Baker’s yeast in subcritical water was
uch inferior, despite the higher TOC values. This strongly sug-

ests that amino acids decomposed at high reaction temperature
nd longer reaction times into low-molecular-weight carboxylic
cids and gaseous products [14,16].

F
t
e

ig. 6. Effect of reaction time and reaction temperature on amino acids produc-
ion.

.4. Use of hydrolysis product on yeast growth

The product of subcritical water hydrolysis was tested as
utrient source for yeast growth. Fig. 7, indicated that the OD660
f the suspension of yeast cells grown in the product resulted
rom subcritical water hydrolysis of Baker’s yeast did not signif-
cantly differ from that grown in commercial yeast extract. The
esulted growth was much higher than that obtained in glucose
olution, which confirmed that the yeast product from subcrit-
cal water could positively be applied for the culture of yeast
ells. The potentials of application of the product with growth
f other microorganisms are under investigation.

.5. Determination of kinetics parameter

For the process to be applied on a large scale, determination
f degradation kinetics is important. Degradation of yeast cells
ig. 7. Optical densities of yeast cultures incubated in control medium, and
hat containing product of sub-critical water hydrolysis and commercial yeast
xtract.
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Fig. 8. Plot of −ln(1–X)/t and X/t at hydrolysis temperature of 250 ◦C.

Table 2
Kinetic parameter, k and k′, of decomposition reaction rate at difference
temperature

Temperature (◦C) k (min−1) k′ (ml/g)

100 0.0008 10.543
125 0.0020 11.750
150 0.0230 11.391
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00 0.0135 11.131
50 0.0076 16.693

here C is the concentration of yeast cells (g cm−3) and k and
′ are the kinetic parameters of decomposition. This equation
escribes a reaction whose rate is first order at the beginning
hen the cell concentration is high and becomes zeroth order at

ower cell concentration.
After an integration of Eq. (1), the following equation results

= 1

k
ln

C0

C
− k

k

′
(C0 − C) (2)

here C0 is an initial yeast cell concentration.
Eq. (2) can be written in terms of mass conversion, X, as:

= 1

k
ln

1

1 − X
− k′C0X

k
(3)

Multiply Eq. (3) with k/t and rearranging the equation, the
ollowing equation results:

ln(1 − X)

t
= k + k′C0X

t
(4)

From this equation, k and k′ can then be determine from the
lot of −ln(1–X)/t and X/t as demonstrated in Fig. 8 for the
ecomposition of yeast cells at 250 ◦C. The kinetic parameters
or decomposition of yeast powder at different temperatures are
ummarized in Table 2. The kinetics model proposed could fur-
her be used for the design of a large scale process.
. Conclusions

This study demonstrates that subcritical water could be used
o potentially hydrolyze spent Brewer’s yeast cells, organic

[

s Materials B137 (2006) 1643–1648 1647

aste from brewing industries into more valuable proteins and
mino acids. The amount of protein produced increases with
n increase in temperature, while that of amino acids decreases
ith increasing temperature. The highest yield of protein and

mino acids were 0.16 and 0.063 mg/mg of dry yeast, respec-
ively. The amount of total organic carbon was found to increase
ith increasing temperature. However, the value was decreased

t the temperature as high as 250 ◦C suggesting the gaseous
roducts were formed.

Tests of the hydrolysis product obtained at 200 ◦C on yeast
rowth suggested a possible use of this product for cultivation
f yeast and other microorganisms.
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