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Abstract: The objective of the present study was to investigate the antioxidant and immunostimulating
activities of two yeast autolysates (baker's yeast and active dry yeast) using various methods. In this study,
total glutathione content was determined in both yeast autolysates. Antioxidant activity of both yeast
autolysates   was  evaluated  by  various  assays,  including  total  antioxidant  capacity,  reducing  power,
DPPH radical scavenging, nitric oxide scavenging, hydroxyl radical scavenging and metal ion chelating
activities.The immunostimulating activity of both yeast autolysates was evaluated using rat splenocyte
proliferation by the colorimetric MTT assay. The  obtained  results  showed   that   active   dry   yeast
autolysate (ADYA) contains higher concentration of glutathione compared with baker's yeast autolysate
(BYA). The ADYA possessed antioxidative activity higher than BYA. Both yeast autolysates had stimulating
activity of splenocyte proliferation. Therefore, the yeast autolysates have the potential to be explored as novel
natural antioxidants and immunostimulating agents for using in functional foods or medicine.
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INTRODUCTION Yeast-secondary and yeast-derived products are

Many diseases are caused by oxidative stress. model organisms for the dissection of many biological
Accelerated cell oxidation contributes to cardiovascular mechanisms, as well as other important functions in our
disease, tumor growth, wrinkled skin, cancer, Alzheimer's life. Yeast autolysates are concentrates of the soluble
disease and even a decline in energy and endurance [1-3]. components of yeast cells and are generally produced by
Antioxidants are substances that delay or prevent the autolysis. In other words, an autolysate is the total
oxidation of cellular oxidizable substrates. They exert their content of the yeast following autolysis, which is
effect by scavenging reactive oxygen species, activating essentially a degradative process carried out by activating
a buttery of detoxifying proteins or preventing the the yeast’s own degradation enzymes to solubilize the cell
generation of reactive oxygen species [4, 5]. In recent component found in the cell. Yeast autolysates are also
years, there has been an increasing interest in finding known under the name of yeast extracts. They are mainly
natural antioxidants, which can protect the human body used in the fermentation industry as substrates and in the
from free radicals and retard the progress of many chronic food industry as flavor improvers (flavoring agents).
diseases [6, 7]. The immune system is vulnerable to Simply, autolysis of yeast is defined as self digestion of
oxidative stress. During certain diseased states, as well as yeast cells. That is to say, that cell hydrolysis is
during aging, there is a need to boost the antioxidant performed without addition of other enzymes. Autolysis
abilities, thereby potentiating the immune mechanism [8]. differs from hydrolysis, in that the breakdown of the cell
The antioxidants preserve an adequate function of constituents such as proteins and nucleic acids is
immune cells against homeostatic disturbances [9, 10]. achieved by the action of enzymes produced  by  the

During the last five decades,  special  interest yeast cell itself [11, 12].  Yeast  extract  (YE)  comprises
attaches to yeasts, because yeast constituents are the water-soluble components of the yeast cell, the
considered as  compounds  of  nutritional  value to composition of which is primarily amino acids, peptides,
human and higher animals. Yeast cells contain a lot of carbohydrates and salts. Nitrogen components and
protein, carbohydrates, lipid, vitamins and minerals. vitamins are the value of yeast extract because of  their

developed day-by-day and yeasts are now standard
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nutritional characteristics. Hence, YE has been mainly The aim of this study was to investigate the
used in the food industry, as a flavoring agent in soup, antioxidant and immunostimulating activities of
sauces, gravies, stews, snack food and canned food, as autolysates obtained from baker's yeast and active dry
well as in pet foods and cosmetic materials and as a plant yeast using various methods.
nutrient. Other applications include vitamin and protein
supplements in health foods and as a source of nutrients MATERIALS AND METHODS
in microbiological media [13-17]. Many workers have
shown the growth promoting properties of yeast extracts Materials
(YE) on bacterial growth [18-21]. Yeast samples: In this investigation, two yeast

Regarding the yeast autolysates (Saccharomyces (Saccharomyces  cerevisiae)   samples    were   used.
cerevisiae), the literature was poor concerning in the data Fresh baker’s yeast and active dry yeast were obtained
of antioxidant and immunostimulating activities of these from a local market at Giza, Egypt.
yeast autolysates. The antioxidative properties of yeast
extracts come from their  contents  of  glutathione, Animals: Male Wistar white rat, weighing about 80 g was
Maillard reaction products and sulfur-containing amino purchased from Research Institute of Ophthalmology,
acids [12, 22]. Wang et al. [23] determined the possible in Giza, Egypt.
situ antioxidant activity of two commercial yeast extracts
in cooked beef patties. They observed that the yeast Chemicals: Ascorbic acid, 1, 1-diphenyl-2-picrylhydrazyl
extracts suppressed thiobarbituric acid-reactive (DPPH), sulfanilamide, N-(1-naphthyl) ethylenediamine
substances (TBARS) formation in cooked beef patties dihydrochloride,   2-deoxyribose,  ferrous  sulphate,
during storage. Jung et al. [24] evaluated the radical RPMI-1640 medium, 3-(4,5-dimethylthiazol-2-yl)-2,5-
scavenge and glucose tolerance of yeast hydrolysate with diphenyltetrazolium bromide (MTT) and
a high content of Cyclo-His-Pro (CHP). lipopolysaccharide    (LPS)    were    purchased   from

The results showed that yeast hydrolysate intense Sigma   Chemical   Co.,   USA.   Glutathione  reduced
scavenging abilities of both 1, 1-diphenyl-2-picrylhydrazyl (GSH) kit was obtained from Bio-Diagnostic Co., Giza,
(DPPH) and 2, 2'-azino-bis (3-ethylbenzthiazoline-6- Egypt.  All   other   chemicals   were   of   analytical
sulphonic acid) (ABTS) radicals. In vitro and in vivo reagent grade.
studies in animals and humans show that -glucans
derived from fungi and yeasts have immunomodulating Methods
properties.  Most  frequently  evaluated  are  their  effects Preparation of Yeast Autolysates: Yeast autolysate
on  leukocyte  activity.  Immune  response is influenced solutions  of   fresh    baker's   yeast   and  active  dry
by both parenteral and enteral administration of -glucan yeast  were  prepared  according  to  the  method
[25-27]. Jang et al. [28] evaluated the comparative described  by  Sommer  [12]  as  follows:  One  part of
immunomodulatory effects of -glucans isolated from yeast  was  mixed well with two part of  distilled water
mushroom fungi (Coriolus versicol), yeast (DW). The suspension was then incubated at room
(Saccharomyces cerevisiae) and bacteria (Agrobacterium) temperature  (25°C)  for 72 h. After incubation, the
on the major functions of macrophages. The results solution  was  centrifuged   at   4000   rpm  for  10  min.
indicated that these -glucans, isolated from three The  residues were  re-extracted  twice  with distilled
different sources, have different effects on macrophage water then  centrifuged  at  the  same  rpm  for  10  min.
function and therefore, may have different clinical uses in The  obtained  yeast  autolysate  solutions  were
different for various types of diseases. Yalcin et al. [29] combined in volumetric flask (500 ml) and completed to
determined the effects of dietary yeast autolysate on the mark with distilled water. The resulting autolysate
performance, egg traits, egg cholesterol content, egg yolk solution was  used  as  baker's  yeast  autolysate (BYA)
fatty acid composition, lipid oxidation of egg yolk, some or active dry yeast autolysate (ADYA). The total solids
blood parameters and humoral immune response of laying (%) in both autolysates were determined by the dry
hens during a 16 week period. The results showed that weights following drying at 100°C until constant mass
dietary yeast autolysate at levels of 2, 3 and 4 g/kg had was achieved. In all assays, concentrations of yeast
beneficial effects on performance, egg cholesterol content autolysates  (BYA   or   ADYA)   were  calculated as
and humoral immune response. yeast equivalent.
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Determination of Total Glutathione: The reduced Assay   of     DPPH     Radical Scavenging   Activity:
glutathione (GSH) content was determined in yeast The antioxidant activity of yeast autolysates, based on
autolysates  using   the   procedure   described by the  scavenging  activity  of  the  stable DPPH  free
Beutler  et  al.  [30].   The  sulfhydril  groups  present in radical,  was  determined  by  the  method  described  by
the  glutathione  forms  a  colored  complex  with  DTNB Lee et al. [33] as follows: Known volumes (50-100 µl) of
[5, 5’ dithiobis – (2-nitrobenzoic acid)], which was yeast autolysate were individually added to test tubes
measured colorimetrically at 405 nm. then completed to a known volume (1.0 ml) by DW. 1.0 ml

Determination of Total Antioxidant Capacity: Total tube then mixed well and incubated at room temperature
antioxidant capacity of yeast autolysates was assayed by for 30 min. Control was prepared by the same procedure
the phosphomolybdenum method as described by without yeast autolysate. Ascorbic acid solution (0.03%,
Kumaran and Karunakaran [31] as follows: Known w/v) was used as a positive control. The absorbance (A)
volumes (0.1-0.3 ml) of each yeast autolysate were added of the solution was measured at 517 nm using Jenway
to test tube then completed to a constant volume (0.3 ml) 6300 spectrophotometer. Inhibition of DPPH free radical
with DW. 3.0 ml of reagent solution (0.6 M sulfuric acid, in percent (I%) was calculated from the following
28.0 mM sodium phosphate and 4.0 mM ammonium equation:
molybdate) were added to each tube and mixed well then
incubated at 95°C for 90 min. Blank was prepared by the I% = [(A  – A )/A ] x100
same procedure without yeast autolysate. Ascorbic acid
solution (0.03%, w/v) was  used  as  positive  control. Assay   of      Nitric      Oxide      Scavenging    Activity:
After cooling to room, the absorbance of the solution was The scavenging activity of nitric oxide by yeast
measured at 695 nm using Jenway 6300 autolysates was determined by the method described by
spectrophotometer against blank. Increased absorbance Kumaran and karunakaran [31] as follows: In clean test
of the reaction mixture indicated increased total tubes, 0.5 ml of sodium nitroprusside solution (10 mM in
antioxidant capacity. 0.1 M phosphate buffer saline, pH 7.4) was mixed with

Determination of Reducing Power: The reducing power was added to each tube to complete the solution to a
of yeast autolysates was determined by the method of known volume (1.0 ml). The test tubes were incubated at
Mathew and Abraham [32] as follows: In clean test tubes, room temperature for 150 min then 0.5 ml of Griess reagent
a serial of known volumes (0.2-1.0 ml) of each yeast (1% sulfanilamide, 2% H PO  and 0.1% N-(1-naphthyl)
autolysate were  added.  The  solutions  were  completed ethylenediamine dihydrochloride) was added to each tube
to 1.0 ml with DW. 2.5 ml of phosphate  buffer  solution and mixed well. The absorbance (A) was measured at 546
(0.2 M, pH 6.6) and 2.5 ml of potassium ferricyanide nm using Jenway 6300 spectrophotometer. Control was
solution (1%, w/v) were added to each tube then mixed prepared by the same procedure without yeast autolysate.
well. The mixtures were incubated  at  50°C for 20 min. Ascorbic acid solution (0.03%, w/v) was used as positive
After  incubation,  2.5  ml   of   trichloroacetic  acid control. Scavenging activity of nitric oxide was calculated
solution (10%, w/v) were added to each mixture then from the following equation:
centrifuged  at  5,000  rpm  for 10 min. A known volume
(2.5 ml) of each clear solution obtained after centrifugation Scavenging activity (%) = [(A  – A )/A ] x 100
(supernatant) was taken in another clean test tube then
2.5 ml of DW and 0.5 ml of ferric chloride solution (0.1%, Assay  of   Hydroxyl Radical    Scavenging   Activity:
w/v) were added and mixed well. The absorbance was The scavenging activity of hydroxyl radical by yeast
measured at 700 nm using Jenway 6300 autolysates was assayed by deoxyribose method as
spectrophotometer. Blank was prepared by the same described by Nagai et al. [34] as follows: In a clean test
procedure without yeast autolysate. Ascorbic acid tubes,   0.45  ml  of  sodium  phosphate  buffer  solution
solution (0.03%, w/v) was used as positive control. (0.2 M, pH 7.0), 0.15 ml of 2-deoxyribose solution (10 mM),
Increased absorbance of the reaction mixture indicated 0.15 ml of FeSO -EDTA solution (10 mM FeSO , 10 mM
increased reducing power. EDTA),  0.15   ml   of  H O   solution  (10  mM)  and yeast

of DPPH solution (0.2 mM in ethanol) was added to each

control sample control

different volumes of yeast autolysate (0.1-0.5 ml) then DW
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autolysate (50-100 µl) were added. The solutions were at 3,000 rpm for 10 min then washed twice with RPMI-1640
completed to a final volume (1.5 ml) with DW then medium. The viability of splenocytes was determined by
incubation at 37°C for 4 h. After incubation, the reaction staining  the  cells  with  trypan-blue  dye  exclusion.
was stopped by adding 0.75 ml of trichloroacetic acid Later, these splenocytes were suspended in complete
solution (2.8%, w/v) and 0.75 ml of thiobarbituric acid RPMI-1640 medium (The RPMI-1640 medium
solution (1% in 50 mM NaOH  solution)  then the supplemented with fetal calf serum (10%), 100 units of
solutions were boiled for 10 min  and  cooled  in  water. penicillin and 100 µg of streptomycin) and cell
The absorbance (A) of the solutions was measured at 520 concentration was adjusted to 1×10  cells/ml.
nm using Jenway 6300 spectrophotometer. Control was
prepared by the same procedure without yeast autolysate. Procedure: Known volumes (8, 16 and 20 µl) of each
Ascorbic acid solution (0.03%, w/v) was used as positive yeast autolysate were individually added to a mixture
control. Inhibition of deoxyribose degradation in percent composed  of  20 µl  of  the  splenocyte   suspension
(I%) was calculated using the following equation: (1x10  cells/ml)  and  40  µl  of  RPMI-1640  medium  in a

I% = [(A  – A )/A ] x100 M phosphate buffer, pH 7.4 and 0.9% NaCl, w/v) wascontrol sample control

Assay of Fe Chelating Activity: The ability of yeast known volume (80 µl). PBS and Lipopolysaccharide (LPS)2+

autolysate to chelate ferrous (Fe ) ion was determined solution (5 µg/ml) were used as a negative and positive2+

using a modified method of Minotti and Aust [35] as control, respectively. After incubation at 37°C in
described by Oboh et al. [36]. In a clean test tube, 150 µl humidified 5% CO  atmosphere for 72 h, 20 µl of MTT
of freshly prepared ferrous sulphate solution (500 µM) solution (5 mg/ml in PBS) and 40 µl of RPMI-1640 medium
were added to a reaction mixture consisted of 168 µl of were added. The cell suspensions were cultured at 37°C
Tris–HCl buffer solution (0.1 M, pH 7.4) and yeast for 4 h. 100 µl of HCl in isopropanol solution (0.04 M) were
autolysate (10-25 µl). The solution was completed by added to cell wells and mixed thoroughly then 100 µl of
saline solution (0.9% NaCl,  w/v)  to  a  known  volume DW were added to dilute the solution. The optical density
(561  µl).  The  reaction  mixture  was incubated for 5 min (OD) was measured at 570 nm using Jenway 6300
at  room   temperature   before   the   addition  13 µl of 1, spectrophotometer. The percentage of proliferation was
10-phenanthroline solution (0.25%, w/v). The absorbance calculated by the following equation:
(A) was measured at 510 nm using Jenway 6300
spectrophotometer. Control was prepared by the same
procedure without yeast autolysate. Ascorbic acid
solution  (0.03%,  w/v)  was  used  as  positive  control.
The Fe  chelating activity (%) was calculated from the Statistical Analysis: The results were analysed by an2+

following equation: analysis of variance (P<0.05) and the means separated by

Fe  chelating activity (%) = [(A  – A )/Acontrol] by CoStat computer program.2+
control sample

x100

Assay of  Mitogen-Induced  Splenocyte  Proliferation:
The lymphocyte proliferation assay was carried out Antioxidant Activity of Yeast Autolysates: Reactive
according to the MTT method as described by Manosroi oxygen species and other harmful compounds are
et al. [37] as follows: produced during the normal growth of aerobic cells and

Preparation of Rat Splenocytes: Rat was killed by cervical antioxidant and redox enzymes are required for the normal
dislocation. The spleen was aseptically removed and growth of the cells. GSH, known as a major antioxidant, is
placed in 5.0 ml of sterile RPMI-1640 medium. The single present in high concentrations (up to 10 mM in the liver)
cell suspension was prepared by disrupting spleen into in most living cells, from microorganisms to humans and
small pieces. The red blood cells were lysed using 3.0 ml is known to be involved in cellular responses to various
of a lysis buffer solution (155 mM NH Cl, 0.1 mM EDTA stresses [38, 39]. So that total glutathione content was4

and 10 mM KHCO , pH 7.4) for 5 min. After red blood cells chemically  determined   in   both   yeast    autolysates.3

lyses, the splenocytes were separated by centrifugation The   antioxidant    activity    of   yeast   autolysates   was

6

6

96-well plate. Phosphate buffer saline solution (PBS; 0.1

added in order to complete the mixture of each well to a

2

Duncan’s multiple range test. The results were processed

RESULTS AND DISSCUSION

these may inhibit cell growth. Defence systems such as
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evaluated using various antioxidant assays, including
total antioxidant capacity, reducing power, DPPH radical
scavenging, nitric oxide scavenging, hydroxyl radical
scavenging and metal ion chelating activities. The various
antioxidant activities of yeast autolysates were compared
to standard antioxidant (ascorbic acid).

Glutathione Content: Glutathione is the tripeptide of
glutamate, cysteine and glycine. GSH plays an important
role in maintaining the intracellular thiol redox state and
protecting cells against oxidative damage, xenobiotic
organic chemicals and heavy metals [40, 41]. Glutathione
content was colorimterically determined in both yeast
autolysates. The obtained results in Table 1 showed that
active dry yeast autolysate contains higher concentration
of glutathione (17.26 mg/100 ml yeast autolysate)
compared with baker's yeast autolysate (1.77 mg/100 ml
yeast autolysate). Total solids of each autolysate were
ADYA 48% and BYA 15.60%. The results are supported
by Sommer [12] who found that fresh bakers yeast
contains approximately  0.65%  (dry  basis)  glutathione.
By fermentations of selected yeast strains glutathione
contents up to 5% can be achieved. This is the basis for
high glutathione yeasts extracts (with up to 15%
glutathione). Salleh et al. [42] determined the effect of
operating parameters such as the yeast concentration,
processing temperature and isolation time on the isolation
of GSH using autolysis method. The results obtained
showed that the maximum value of GSH concentration
(1.38 µmol/ml) was isolated from the autolysis process
with the following operating parameters; yeast
concentration of 45 wt%, processing temperature of 28°C
and the isolation time of 3 h.

Total Antioxidant Activity: The antioxidant capacity of
yeast autolysates obtained from baker's yeast and active
dry yeast was measured spectrophotometrically through
phosphomolybdenum method, which was based on the
reduction of Mo (VI) to Mo (V) by the sample analyte and
the subsequent formation of green phosphate/Mo (V)
compounds with a  maximum  absorption  at  695  nm.
Data in Table (2) show the total antioxidant capacity of
both  yeast   autolysates  compared  to  ascorbic  acid.
The obtained data revealed that the  antioxidant activity
of the both yeast autolysates is in the increasing trend
with the increasing concentration of the yeast autolysate.
The active dry yeast autolysate had a higher capacity
than baker's yeast autolysate. The antioxidant activities of
both  yeast autolysates and standard were in the
following order: ascorbic acid > ADYA (75 mg/ml) >
ADYA (50 mg/ml) > ADYA (25 mg/ml) > BYA (75 mg/ml)
> BYA (50 mg/ml) > BYA (25 mg/ml).

Table 1: Total solids and glutathione content of yeast autolysates
Glutathione

Autolysate Total solids (%) (mg/100 ml yeast autolysates)
Baker's yeast  15.60 ±0.33  1.77 ±0.13b b

Active dry yeast  48 ±0.57  17.26 ±0.87a a

L.S.D  1.85  2.44
Values are means of three replicates ± SE. Numbers in the same column
followed by the same letter are not significantly different at P<0.05.

Table 2: Total antioxidant capacity of baker's yeast autolysate (BYA), active
dry yeast autolysate (ADYA) and ascorbic acid

Treatment Conc. (mg/ml) Total antioxidant capacity (O.D )695 nm

BYA 25 0.080 ±0.006f

50 0.144 ±0.001e

75 0.212 ±0.005d

ADYA 25 0.545 ±0.026c

50 0.747 ±0.006b

75 0.896 ±0.006a

Ascorbic acid 0.09 0.920 ±0.016a

L.S.D - 0.038
Values are means of three replicates ± SE. Numbers in the same column
followed by the same letter are not significantly different at P<0.05.

Table 3: Total reduction capability of baker's yeast autolysate (BYA), active
dry yeast autolysate (ADYA) and ascorbic acid

Treatments Conc. (mg/ml) Total reduction capability (O.D )700 nm

BYA 50 0.048 ±0.001g

150 0.157 ±0.001f

250 0.269 ±0.002e

ADYA 50 0.713 ±0.001d

150 0.981 ±0.001c

250 1.697 ±0.006a

Ascorbic acid 0.3 1.676 ±0.001b

L.S.D -- 0.0079
Values are means of three replicates ± SE. Numbers in the same column
followed by the same letter are not significantly different at P<0.05.

Reducing Power: The reductive capability of both yeast
autolysates and ascorbic acid is given in Table 3. In this
assay, the color of the test solution changes to various
shades of green and blue, depending on the reducing
power of each compound. The presence of reducers
causes the reduction of the Fe /ferricyanide complex to3+

the ferrous form. Therefore, by measuring  the  formation
of  Perl's  Prussian  blue  at 700 nm, we can monitor the
Fe  concentration. The reducing properties are generally2+

associated with the presence of reductones [43], which
have been shown to exert antioxidant action by breaking
the free radical chain by donating a hydrogen atom [44].
It was found that the reducing power of yeast autolysate
was concentration dependent. There was a positively
linear relationship between the reducing power and the
concentration of yeast autolysate. The obtained results
revealed that the reducing power of ADYA was found to
be significantly more pronounced than that BYA at
concentration ranges of 50-250 mg/ml. The absorbance at
700 nm was found to be 0.269 for BYA but up to 1.697 for
ADYA at a concentration level of 250 mg/ml.
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Table 4: Scavenging activity of baker's yeast autolysate (BYA), active dry
yeast autolysate (ADYA) and ascorbic acid against DPPH radical

Treatment Conc. (mg/ml) Scavenging activity (%)
BYA 12.5 11.86 ±0.91e

25 69.06 ±1.22c

ADYA 12.5 87.53 ±1.43b

25 98.19 ±0.68a

Ascorbic acid 0.3 49.69 ±1.43d

L.S.D - 3.71
Values are means of three replicates ± SE. Numbers in the same column
followed by the same letter are not significantly different at P<0.05.

Table 5: Nitric oxide scavenging activity of baker's yeast autolysate (BYA),
active dry yeast autolysate (ADYA) and ascorbic acid

Treatment Conc. (mg/ml) Scavenging activity (%)
BYA 25 7.25 ±0.78e

75 12.73 ±0.92d

125 16.53 ±1.78cd

ADYA 25 15.11 ±0.81d

75 20.60 ±0.38bc

125 24.13 ±0.15ab

Ascorbic acid 0.15 27.49 ±3.59a

L.S.D - 4.92
Values are means of three replicates ± SE. Numbers in the same column
followed by the same letter are not significantly different at P<0.05.

Table 6: Hydroxyl radical scavenging activity of baker's yeast autolysate
(BYA), active dry yeast autolysate (ADYA) and ascorbic acid

Treatment Conc. (mg/ml) Scavenging activity (%)
BYA 12.5 50.23 ±4.01d

18.75 68.07 ±4.62b

25 76.52 ±2.48b

ADYA 12.5 59.15 ±0.81c

18.75 74.17 ±1.24b

25 91.07 ±2.48a

Ascorbic acid 0.03 23.47 ±2.04e

L.S.D - 8.59
Values are means of three replicates ± SE. Numbers in the same column
followed by the same letter are not significantly different at P<0.05.

DPPH Radical Scavenging Activity: The DPPH radical
scavenging activity of the yeast autolysates was
evaluated using an ethanolic solution of the stable free
radical, DPPH. A freshly prepared DPPH solution
exhibited a deep purple color with a maximum absorption
at 517 nm. This purple color disappears when an
antioxidant is present in the medium. Thus, antioxidants
molecules can quench DPPH free radicals and convert
them to a colorless product, resulting in a decrease in
absorbance at 517 nm. The DPPH radical scavenging
activity values of ADYA, BYA and ascorbic acid are
presented in Table 4. In general, the scavenging ability of
the DPPH free-radical increased with the increase in
concentration of yeast autolysate. The scavenging

activity of each yeast autolysate at higher concentration
(25 mg/ml) and ascorbic acid standard solution with the
DPPH radical was in the following order: ADYA (98.19%)
> BYA (69.06%) > ascorbic acid (49.69%). It has been
found that cysteine, glutathione, ascorbic acid,
tocopherol,  flavonoids,   tannins  and  aromatic  amines
(p-phenylene diamine, p-aminophenol, etc.), reduce and
decolourise DPPH by their hydrogen donating  ability
[31].  Cysteine  and  glutathione  compounds   of  the
yeast autolysates are probably involved in their
antiradical activity.

Nitric Oxide Scavenging Activity: The autolysates of
baker's yeast and active dry yeast showed a moderate
nitric oxide-scavenging activity between 25 and 125 mg/ml
in a dose dependent manner (Table 5). In addition to
reactive oxygen species, nitric oxide is also implicated in
inflammation, cancer and other pathological conditions
[45]. Both yeast autolysates may have the property to
counteract the effect of NO formation and in turn may be
of considerable interest in preventing the ill effects of
excessive NO generation in the human body. Further, the
scavenging activity may also help to arrest the chain of
reactions initiated by excess generation of NO that are
detrimental to human health. Data as shown in Table 5
revealed that the ability of ADYA on nitric oxide
scavenging  activity   was  higher  than  that  of  BYA.
The scavenging activity (%) was increased with
increasing  concentration   of    the    yeast   autolysate.
As  shown  in  Table (5), lower concentration of ADYA
(25 mg/ml) almost possesses nitric oxide scavenging
activity  equal  about  to higher concentration of BYA
(125 mg/ml).

Hydroxyl Radical Scavenging Activity: Using the Fenton
reaction system, the  hydroxyl  radical  scavenging
activity of both yeast autolysates was measured and
results are indicated as the scavenging activity (Table 6).
Each autolysate shows hydroxyl radical scavenging
activity at concentrations between 12.5 and  25 mg/ml.
The obtained results revealed that the ADYA was more
effective than BYA in hydroxyl radical scavenging
activity. The scavenging activity was increased with
increasing   the   concentration   of  yeast  autolysate.
From the obtained results, it could be arranged these
treatments according to their hydroxyl radical scavenging
activities in the following decreasing order: 25 mg/ml of
ADYA (91.07%) > 25 mg/ml of BYA (76.52%) > 18.75
mg/ml of ADYA (74.17%) > 18.75 of BYA (68.07%) > 12.5
mg/ml of ADYA (59.15%) > 12.5 mg/ml of BYA  (50.23%)
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> 0.03 mg/ml of ascorbic acid (23.47%). Generally, both
yeast autolysates demonstrated the antioxidant effects
against peroxidation of biomolecules to scavenge the
hydroxyl radicals and superoxide anions at the stage of
initiation and termination of peroxyl radicals.

Metal Chelating Activity: The chelating of ferrous ions
by both yeast autolysates was estimated by the method
of Minotti and Aust [35]. 1,10-phenanthroline can
quantitatively form complexes with Fe . In the presence2+

of other chelating agents, the complex formation is
disrupted with the result that the red colour of the
complexes decreases. Measurement of the rate of colour
reduction therefore allows estimation of the chelating
activity of the coexisting chelator [46]. In this assay, both
yeast autolysates, interfered with the formation of ferrous
and  1,10-phenanthroline  complex,   suggesting  that it
has chelating activity and captures ferrous ion before
1,10-phenanthroline (Table 7). The absorbance of
Fe –1,10-phenanthroline complex is linearly decreased2+

with the dose taken  dose  (from  2.5  to  6.25 mg/ml).
Metal chelating capacity was significant since the yeast
autolysate reduced the concentration of the catalyzing
transition metal in lipid peroxidation [47]. It was reported
that chelating agents, who form ó-bonds with a metal, are
effective as secondary antioxidants because they reduce
the redox potential thereby stabilising the oxidised form of
the metal ion [44]. The data obtained from Table 7,
revealed that both yeast autolysates obtained from
baker's yeast and active dry yeast have an effective
capacity for iron binding, suggesting that its action as an
antioxidant may be related to its iron binding capacity.

In general, the autolysates obtained from baker's
yeast and active dry yeast showed strong antioxidant
activity, reducing power,  DPPH  radical  scavenging,
nitric oxide scavenging, hydroxyl radical scavenging and
metal chelating activities when compared to standards
such  ascorbic  acid.  The antioxidative effect of both
yeast autolysates is may be due to their contents of
antioxidant agents,  including  glutathione, Maillard
reaction products, sulfur-containing amino acids and
polysaccharides [12, 48]. The higher antioxidative activity
of active dry yeast autolysate in comparison with baker's
yeast autolysate was associated with its content of total
glutathione (Table 1). Glutathione has been reported to
have multiple biological activities, including antioxidant
activity. The antioxidant activity of glutathione is mainly
due to their redox properties, which can play an important
role in the antioxidation of reactive oxygen species and
free radicals. By acting as an  antioxidant  or  by  binding

Table 7: Metal chelating activity of baker's yeast autolysate (BYA), active
dry yeast autolysate (ADYA) and ascorbic acid

Treatment Conc. (mg/ml) % Fe Chelation
BYA 2.5 15.18 ±1.38d

3.75 22.48 ±1.23c

6.25 32.14 ±3.48b

ADYA 2.5 22.28 ±1.04c

3.75 34.31 ±1.23b

6.25 49.30 ±1.68a

Ascorbic acid 0.01 38.26 ±2.19b

L.S.D - 5.83
Values are means of three replicates ± SE. Numbers in the same column
followed by the same letter are not significantly different at P<0.05.

with cellular mutagens, glutathione can serve as an
anticarcinogen [12]. Wang et al. [23] observed that the
yeast extracts suppressed thiobarbituric acid-reactive
substances (TBARS) formation in cooked beef patties
during storage. They indicated that the antioxidant
activity present in both yeast extracts have potential to
improve the oxidative stability of foods, which is an added
benefit to their main role as flavor enhancers. Jung et al.
[24] showed that yeast hydrolysate intense scavenging
abilities of both 1,1-diphenyl-2-picrylhydrazyl (DPPH) and
2,2'-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid)
(ABTS)  radicals.  The  IC  (50) values of yeast
hydrolysate on DPPH and ABTS radicals were 1.9 and 0.9
mg/ml, respectively.

Immunostimulating   Activity   of  Yeast  Autolysates:
The autolysates of baker's yeast and active dry yeast
were examined for their immunostimulating  activities  by
in vitro method.

Stimulation of Splenocyte Proliferation: In this study,
lipopolysaccharide (LPS), a mitogen for T-cell
independent  B-cell proliferation, was used as reference
for stimulation  of  splenocyte  proliferation (in vitro).
LPS (0.001 mg/ml) and both yeast autolysates at different
concentrations (10, 20 and 25 mg/ml) enhanced the
proliferation of splenocytes compared to the control
(Table 8). Data revealed that ADYA and BYA at different
concentrations had  stimulating  activity  more than that
of  reference mitogen-induced splenocyte proliferation
(i.e. LPS). The proliferation (%) of baker's yeast autolysate
and active dry yeast autolysate at higher concentration
(25 mg/ml) and LPS as mitogen was 21.04, 26.28 and
8.82%, respectively. A dose response relationship of both
yeast autolysates on splenocyte proliferation was
observed. In other words, there is a positive correlation
between proliferation (%) and concentration of both yeast
autolysates (BYA and ADYA).
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Table 8: Effect of lipopolysaccharide (LPS), baker's yeast autolysate (BYA),

active dry yeast autolysate (ADYA) on splenocyte proliferation 

Treatment Conc. (mg/ml) Proliferation (%)

LPS 0.001 8.82 ±0.29f

BYA 10 15.02 ±0.14e

20 18.51 ±0.18d

25 21.04 ±0.51c

ADYA 10 18.65 ±0.22d

20 22.49 ±0.12b

25 26.28 ±0.91a

L.S.D - 1.31

Values are means of three replicates ± SE. Numbers in the same column

followed by the same letter are not significantly different at P<0.05. 

Due to the similar effect on splenocyte proliferation
stimulation of the mitogen LPS, the both autolysates
might  contain   active    components   that  involve
equally both to T- and B-cell proliferation stimulation.
This explanation is supported by the suggestion of
Manosroi et al. [37]. In general, it appeared that the
autolysates obtained from baker's yeast and active dry
yeast contain active principles, may be glutathione and/or
polysaccharide(s), with immunoenhancing effects on both
phagocytic and lymphocytic systems  [12, 25, 28, 49-51].
In vitro studies have suggested that large molecular
weight or particular yeast -glucans (such as zymosan)
can directly activate leukocytes, stimulating their
phagocytic, cytotoxic and antimicrobial activities [52, 53].
However the mechanism on how -glucan promotes
lymphocyte proliferation is not clear yet. Sandula et al.
[54] isolated particulate -D-glucan from baker's yeast
using autolysis and delipidization of the  cells,  followed
by alkaline and acid treatment. They investigated the
immunomodulatory activity of these preparations in
mitogenic and co-mitogenic tests on  rat  thymocytes.
They  showed   higher  stimulation  indices  compared
with the known immunomodulator zymosan. Yalçin et al.
[29] showed that dietary yeast autolysate at levels of 2, 3
and  4   g/kg   had   beneficial   effects  on  humoral
immune response.

CONCLUSION

Finally, it could be concluded  that  the  autolysates
of baker's yeast and active dry yeast have the potential to
be explored as novel natural antioxidants and
immunostimulating agents for using  in  functional foods
or medicine.
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