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Contents and yields of solid, a-amino nitrogen, protein and carbohydrate were determined.
It can be said that optimum temperature and time for the production of yeast extract was
50 8C for 24 h on the basis of a-amino nitrogen and protein contents. Sensory analysis was
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yeast extract had the highest overall acceptance.
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1.

Introduction

Yeasts are substantially beneficial in human culture and in
particular they are widely used for the production of alcoholic
beverages and leaven bread dough (Stewart and Russell, 1998;
Walker, 1998). They are also a source for the production of
yeast extracts which enhance or impart a meaty flavour to
food products. Yeast extracts are mainly used in the food
industry for the preparation of soups, gravies, meat products
and sauces, and in the flavouring of snacks (Berry, 1982;
Peppler, 1982; Erten and Tanguler, 2006).
Yeast extracts can be obtained by the methods of autolysis,
plasmolysis and hydrolysis but the most frequently manufacturing practise is autolysis (Kim et al., 1999; Nagodawithana, 1992, 1994; Suphantharika et al., 1997; Shotipruk
et al., 2005). Autolysis is a degradation process carried out by
activating the yeast’s own degradative enzymes to solubilize
the cell components found within the cell (Babayan and
Bezrukov, 1985; Dziezak, 1987; Nagodawithana, 1994; Erten
and Tanguler, 2006). Degradative enzymes, generally compartmentalized within the living cell, are located in the general
matrix of the cell. These hydrolytic enzymes, particularly
protease and nuclease, break down insoluble macromolecules
like proteins and nucleic acids to soluble products of peptides,
amino acids (mainly glutamate), nucleotides and amino acid

derivates (Reed and Nagodawithana, 1991; Nagodawithana,
1994; Sommer, 1998).
Yeast extracts are commercially marketed as liquid, paste
or powder (Nagodawithana, 1992; Sommer, 1998; Joseph,
1999). They are usually produced from baker’s or spent
brewer’s yeast, Saccharomyces cerevisiae, by autolysis, but other
yeasts, in particular, Candida utilis and Kluyveromyces marxianus
are also sometimes used (Sommer, 1998). In general, since
spent yeast in the brewing industry is relatively inexpensive, it
is utilized largely in the production of extracts to meet the
needs of food and fermentation industries (Reed and Nagodawithana, 1991; Stam et al., 1998). Although spent brewer’s
yeast is available in large quantities for a relatively cheap
price, it is likely to contain undesirable flavour characteristics
as a result of the carryover of hop resins and beer solids from
beer fermentation (Nagodawithana, 1994; Sombutyanuchit
et al., 2001).
The hop resins contain often a bitter taste and which they
are primarily humulones and isohumulones which present as
beer solids or as compounds firmly adsorbed at the surface of
the yeast cells (Reed and Nagodawithana, 1991). This yeast
cream requires a debittering before usage (Bridson and
Brecker, 1970; Reed and Nagodawithana, 1991). In that process
hop resins are dissolved by increasing the pH level and then,
removed by further washing (Bridson and Brecker, 1970;
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Suphantharika et al., 1997). Hop resins are removed by rotary
microfiltration (Shotipruk et al., 2005). Debittering is less costly
and makes the final extract less bitter (Bridson and Brecker,
1970; Hough et al., 1982; Reed and Nagodawithana, 1991;
Nagodawithana, 1994; Sombutyanuchit et al., 2001; Shotipruk
et al., 2005).
Parameters which affect final flavour profile and extract
yield in a process are temperature, pH, duration of autolysis,
viability and autolysis prometers such as NaCl, ethyl acetate,
amyl acetate and papain to facilitate cell lysis (Peppler, 1982;
Reed and Nagodawithana, 1991; Champagne et al., 1999). Of
these, temperature is the most important factor on autolysis.
Although in a typical autolysis the temperature is adjusted to
45–60 8C (Conway et al., 2001; Nagodawithana, 1994), there is
little information on the effect of elevated temperatures for
the production of yeast extract by autolysis. The objective of
this study was to examine the utilisation of spent brewer’s
yeast Saccahromyces cerevisiae (formerly Saccharomyces carlsbergensis) for the production of yeast extract by autolysis at
elevated temperatures.

fuged to remove the cell debris. The supernatant was
concentrated to 15% solids content by using water bath at
80 8C (Memmert, Germany). The concentrate was then spray
dried with lab scale spray-drier (SD-04, UK) using an inlet air
temperature of 180–190 8C, an outlet air temperature of 80–
85 8C, a feeding rate of 30 mL/min, an air flow rate of 80 m3/h
and an air pressure of 0.005 bar. The resulting powder was
stored in a jar at 4 8C.

2.5.

Chemical analysis

Dry solid content was determined in an oven at 105 8C for 24 h.
Total nitrogen was analysed by using the Kjeldahl method.
Protein was estimated by multiplying total nitrogen by 6.25
(Anon., 1990). a-Amino nitrogen was measured by the
Nynhydrin method using glycine as a standard (Baker, 1991;
Munch et al., 1997). Total carbohydrate was determined by
means of phenol–sulphuric acid method (Catley, 1988;
Amrane and Prigent, 1998). The pH was measured with Orion
Research 399 A Model meter.

2.

Materials and methods

2.6.
Calculation of percentage of yields of solid, protein and
a-amino nitrogen

2.1.

Yeast

Yieldð%Þ ¼

Yeast used in the experiments was spent brewer’s yeast
obtained as a by-product of lager production. It was kindly
provided as slurry from Efes Pilsen Brewery, Adana, Turkey.
After collection from fermentation vessel at the end of 4th
fermentation, it was brought to laboratory as soon as possible
for experiments.

2.2.

Debittering of brewer’s yeast cells

Brewer’s yeast slurry was centrifuged at 11,000  g for 10 min
at 4 8C to remove the beer liquor. Sterilized distilled water was
added to yeast paste and the pH level was adjusted to 9 with
NaOH. The suspension was stirred for 30 min at 4 8C and then
washed two to three times with sterilized distilled water until
the pH level became neutral. After neutralisation of pH, the
suspension was stirred and then centrifuged at 11,000  g for
10 min at 4 8C to obtain debittered brewer’s yeast cells
(Sombutyanuchit et al., 2001). The pH was determined with
an Orion Research 399 A Model.

Protein yield or a-amino yield ð%Þ
Amount of protein or a-amino nitrogen
¼

2.7.

Sensory analysis

Yeast extract was added at the ratios of 0.5, 1.0, 1.5 and 2.0% to
vegetable soup (Yonca Market, Adana) before boiling. Evaluation was done by a ranking test (Barillere and Benard, 1986),
using a taste panel of 12 assessors. Vegetable soup without
added yeast extract was used as a control. Samples were
numbered from 1 to 5 and served in mixed order. They were
ranked from the most preferred to least preferred one by
assessor. Panelists were staff of the Department of Food
Engineering.

Statistical analyses

Autolysis of spent brewer’s yeast

Autolysis was performed in sterilized 5 L glass jars in duplicate.
Six hundred grams of debittered spent brewer’s yeast slurry
were resuspended in 4 L of distilled water. The pH level was
adjusted to 6.0 with 2N NaOH or 2N HCl. Autolysis was carried
out at controlled temperatures of 45, 50, 55 and 60 8C in a water
bath. During autolysis, samples were harvested at 8 h intervals,
pasteurized at 80 8C for 30 min then cooled down to room
temperature and finally, centrifuged at 11,000  g for 10 min at
4 8C for chemical analysis of the supernatant.

2.4.

in nitrogen in product
 100
Amount of protein or a-amino nitrogen in
raw material

2.8.
2.3.

Amount of dry solid in product
 100
Amount of total solids in raw material

Results obtained were evaluated for statistical significance by
two-way analysis of variance (ANOVA) using the windows
programme SPSS version 10.0 (Chicago, IL). If the analysis
indicated a statistically significant difference (P < 0.01), Duncan Multiple Range test was applied to compare the
differences (P < 0.01) (Ozdamar, 1999). For statistical analysis
of sensory evaluation, data was analysed by Kruscal–Wallis
test (Roessler et al., 1978; Barillere and Benard, 1986).

3.

Results and discussions

3.1.

Solid content and yield during autolysis

Production of yeast extract powder

The autolysis of debittered spent brewer’s yeast for the
production of yeast extract powder was carried out at 50 8C for
24 h. The process was terminated by heating at 80 8C for
30 min and then cooled down. The suspension was centri-

The influence of temperature on solid content and yield of
yeast extract during autolysis is given in Figs. 1 and 2,
respectively. Solid content and yield were affected by autolysis
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Fig. 1 – The influence of temperature on solid content of
yeast extract during autolysis of spent brewer’s yeast.

Fig. 2 – The influence of temperature on solid yield of yeast
extract during autolysis of spent brewer’s yeast.

temperature. The amount of solid released into liquid yeast
extract from cells during autolysis considerably increased by
24 h of incubation when the process performed at temperatures of 45, 50 and 55 8C. After 24 h there was no appreciable
increase. The influence of autolysis done at 60 8C was very
slight. After 72 h of incubation period, the highest solid
contents were obtained as 3.05% at 45 8C, and as 2.71% at 50 8C.
The variance analysis (at P < 0.01) and Duncan multiple
comparison tests also showed that the influence of elevated
temperature on solid is significant.
Among the elevated temperatures, autolysis at 45 and 50 8C
exhibited the highest yield of solid which reached 64.1 and
56.8%, respectively. Comparatively, yields obtained at 55 and
60 8C were lower than the above mentioned temperatures. The
principal components of solids result from the release of
intracellular components (Chae et al., 2001). They are mainly
free amino acids (mainly glutamate), peptides, sugars and
nucleotides (Stam et al., 1998; Erten and Tanguler, 2006).
Suphantharika et al. (1997) stated that autolysis at 45–50 8C
gave maximum yield. Results obtained in present study are in
accordance with data presented by Suphantharika et al. (1997).

3.2.

319

Fig. 3 – The influence of temperature on a-amino nitrogen
content during autolysis of spent brewer’s yeast.

into medium was found the highest at 50 8C. The highest
amount of nitrogen reached 3.9% on dry solid basis in 24 h and
then stayed constant during autolysis at 50 8C. Treatment at
45 8C gave maximum 3.2% of nitrogen on dry solid basis. Lower
amount of a-amino nitrogen was determined with other
treatments. In addition, significant differences were observed
at four different temperatures with variance analysis
(P < 0.01). According to the Duncan comparison test, the
influences of 55 and 60 8C on amino nitrogen were not
significant, but the differences between these temperatures
and the temperatures of 45 and 50 8C were found significant
(P < 0.01). The amount of a-amino nitrogen proposed by
International Hydrolysed Protein Council in yeast extract
produced by autolysis should be at least 3.5% on dry basis
(Peppler, 1982). In our study, amino nitrogen content slightly
exceeded minimum amount requested for autolyzed yeast
extract, but did not fall within the range reported between 4.0
and 6.4% on dry solid basis for liquid yeast extract obtained
from brewer’s yeast by other studies (Gaudreau et al., 1999;
Saksinchai et al., 2001).
With regard to yield of a-amino nitrogen as given in Fig. 4,
the highest yield as 52% was observed at 50 8C and the lowest
as 14.6% at 60 8C. These results suggest that there was an
important breakdown of protein and peptides at 50 8C than
other temperatures. It could be said that yeast proteases were
inactive at 55 and 60 8C but active at 45 and 50 8C in agreement
with the results of Suphantharika et al. (1997).

a-Amino nitrogen content and yield during autolysis

The effect of elevated temperature on a-amino nitrogen
content during autolysis of spent brewer’s yeast is shown in
Fig. 3. There were marked differences in a-amino nitrogen
content among the processes. The release of a-amino nitrogen

Fig. 4 – The influence of temperature on a-amino nitrogen
yield during autolysis of spent brewer’s yeast.
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Fig. 6 – The influence of temperature on protein yield
during autolysis of spent brewer’s yeast.

Fig. 5 – The influence of temperature on protein content of
yeast extract during autolysis of spent brewer’s yeast.

Table 1 – Composition of yeast extract powder produced
from spent brewer’s yeast
Liquid yeast
extract

Total amount
Solid
Moisture
a-Amino nitrogen
Protein

3.3.

yields were obtained as 76.4 and 73.1% at 45 and 50 8C,
respectively. Increasing the temperature to 55–60 8C reduced
the protein yield where the lowest yield was observed as 26%
at 60 8C. Suphantharika et al. (1997), obtained the highest yield
as 60% at 50 8C and the lowest yields as 26 and 30% at 55 and
60 8C, respectively.

Yeast extract
powder

Quantity (g)

%

Quantity (g)

2612
64.51
–
2.45
27.54

65.3
2.47
97.5
3.8
42.7

51.09
46.75
–
1.82
21.31

%
1.95
91.5
8.5
3.9
45.6

3.4.

Carbohydrate content

When the process was performed at temperatures of 45, 50, 55
and 60 8C, after 72 h of autolysis total carbohydrate was
determined as 12.35, 13.9, 12.7 and 15.5%, respectively.

Protein content and yield during autolysis
3.5.
Production of yeast extract powder and sensory
analysis

Protein was the principal compound in yeast extracts. Results
presented in Fig. 5 show the influence of temperatures on
protein content during autolysis. The level of protein on dry
basis varied with autolysis temperature. It quickly increased
within 24 h, furthermore, there was much lower increase until
the end of the incubation time. The highest value was obtained
as 48.7% on dry solid basis at 50 8C. There was slightly less
release of protein from yeast cell as 46.5% at 45 and 55 8C than
50 8C. However, much less release was observed as 38% at 60 8C.
Statistical analysis showed that a significant difference was
obtained within the treatments (P < 0.01).
The hydrolysis of cellular proteins and release of degraded
proteins, peptides and amino acids into yeast extract are main
reactions of yeast autolysis (Lukondeh et al., 2003). Results in
this experiment are in agreement with data published by
several workers (Bridson and Brecker, 1970; Holder, 1977;
Gaudreau et al., 1999; Chae et al., 2001; Saksinchai et al., 2001)
who found 41.0–61.3% of protein content of yeast extract
produced from brewer’s yeast.
Protein yield of liquid yeast extract during autolysis is given
in Fig. 6. It varied with elevated temperatures. The highest

Yeast extract powder from debittered spent brewer’s yeast
was obtained at 50 8C for 24 h due to giving the highest content
of a-amino nitrogen in this study (Section 3.2). Its composition
is given in Table 1. Suphantharika et al. (1997) reported that
solid and protein contents of spray dried yeast extract powder
from spent brewer’s yeast are 93.82 and 55.69%, respectively.
In the present study, those amounts were observed slightly
lower. In addition, drying yield was calculated as 72.46%,
protein yield as 77.37% and a-amino nitrogen yield as 74.28%.
For sensory analysis, yeast extract powder produced from
spent brewer’s yeast was added to vegetable soup at the ratios
of 0.5, 1.0, 1.5 and 2.0% (w/v). As a control, vegetable soup
without yeast extract powder was used. Twelve panelists
evaluated overall acceptability of vegetable soup with the
addition of yeast extract powder at different ratios. The results
are presented in Table 2. The control and samples which were
added with 0.5 and 1.0% yeast extract powder ranked the best
overall acceptance. Although sample with 0.5% yeast extract
powder obtained the best result, significant differences were

Table 2 – Sensory analysis of vegetable soup with the addition of yeast extract powder at different ratios
Samplesa
Sample 1
The difference between points of classification (P < 0.05)
a

23

b

Sample 2
22

b

Sample 3
29

b

Sample 4
50

a

Sample 5
56 a

Sample 1: control; sample 2: addition of 0.5% yeast extract powder; sample 3: addition of 1.0% yeast extract powder; sample 4: addition of
1.5% yeast extract powder; sample 5: addition of 2.0% yeast extract powder. Different superscripts (a and b) indicate statistically significant
differences at 5%.
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not observed among them (P < 0.05). Samples with 1.5 and
2.0% yeast extract did not have an overall acceptance. All
panelists stated that the addition of 1.5 and 2.0% yeast extract
to vegetable soup led to unacceptable heavy taste. In addition,
the samples with yeast extract powder were not notified as
bitter coming from hops. Therefore it could be said that the
debittering process in this study was sufficient.

4.

Conclusions

The influence of autolysis at various controlled temperatures
of 45, 50, 55 and 60 8C for the production of yeast extract from
spent brewer’s yeast by autolysis was investigated. Autolysis
reaction time was ranged from 8 to 72 h. Among the
experiments, autolysis at 50 8C for 24 h was desirable in terms
of content and yield of a-amino nitrogen and protein. The
levels of a-amino nitrogen and protein on dry solid basis were
3.9% and 48.7%, respectively, at 50 8C. Therefore, yeast extract
powder was produced at that conditions for sensory analysis.
It could be said that sample with the addition of 0.5% yeast
extract powder showed the best mark but control and samples
with the addition of 0.5 and 1.0% of yeast extract powder were
not significantly different at P < 0.05.
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