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ABSTRACT

One of the methodologies that can be applied in whey utilization is fermentation.
The products or metabolites that can be produced from whey fermentation
include amino acids and peptides. Amino acids and peptides are metabolites that
have broad benefits both for the food industry and for human health. Amino acids
and peptides can be produced through the breakdown of proteins by protease and
peptidase enzymes secreted by microorganisms. The use of microorganism’s types
in fermentation will greatly affect the profile of amino acids and peptides
produced, because each microorganism has a different proteolytic system.
Indigenous yeast is one of the microorganisms that naturally live on whey and has
the potential to be reapplied in whey fermentation to produce amino acids and
peptides. Indigenous yeast has several advantages over other microorganisms,
such as better adaptability to fermentation conditions and the ability to grow and
dominate the substrate more easily and quickly. Some of the yeasts with
proteolytic activity that have been isolated from whey are Candida lambica,
Candida parapsilosis, Candida rugosa, Debaromyces hansenii, Kluyveromyces
lactis, Kodamaea ohmeri, Torulaspora delbrueckii, Zygosaccharomyces rouxii,
Candida ethanolica, Candidium pseudolasci, Pichia farinosa, Candida mogii,
Candida intermedia, Saccharomyces cerevisiae, Kluyveromyces marxianus,
Clavispora lusitaniae, and Galactomyces geotrichum. Candida tropicalis,
Trichosporon beigelii, and Blastoshizomyces capitatus were reported as three
indigenous yeasts isoalted from mozzarella whey. The yeasts are able to release
the aspartate protease enzyme and produce peptides and amino acids that show

various benefits including health benefits.

INTRODUCTION

Whey is the liquid fraction obtained after the clumping and
separation of casein during the cheese production process
and often causes pollution, both on soil and water (1,2).
This problem arises because there is no further processing
before disposal of whey into the environment. The lactose
content in whey can reach 70-72% of the total solids
present, so the need for oxygen to break down lactose is
very high (3). As a result, the BOD and COD values of whey
are large, namely 40,000-60,000 mg /1 and 50,000-80,000
mg/1 (4).

Apart from the large risk of pollution, the problems caused
by whey are also caused by the large volume of whey
production. Whey production during cheese production
can reach 80-90 liters of whey for every 100 liters of milk
used (5). According to Illanes (6), world whey production
is estimated at 150 to 200 million tonnes/year with an
annual average increase of approximately 2%. Therefore,
whey processing is a very important thing to do.
Unfortunately, according to Slavov (7), as much as 47% of
whey produced in the world is directly discharged into the
environment without further treatment.

Various weaknesses in the waste treatment method cause
the industry to be less sympathetic in treating whey waste.
For example, the high cost of reagents and the low
efficiency of COD removal in the physicochemical method
commonly used to process whey (4). In addition, other
methods such as biological methods, both through
anaerobic and aerobic digestion, also have several
drawbacks, such as the accumulation of volatile fatty acids
and sludge formation which causes process delays, thus
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increasing maintenance costs (8). Therefore, disposal of
whey waste to the environment without further treatment
has a very dangerous effect on the surrounding
environment, so we need an alternative method or
technology to treat the whey waste.

One alternative method that can be applied in whey
processing is fermentation. Fermentation itself can be
defined as any production process of a product with the
help of microorganism culture (9). Fermentation can be
applied to whey because of the complete nutritional
content of whey, namely 4-5% lactose, 0.6-1% protein, 0.4-
0.9% minerals and vitamins, so that it can support the life
of microorganisms (10). Fermentation has advantages
compared to other processing technologies, namely that it
can improve product quality due to nutrient enrichment
through certain metabolites produced, such as vitamins,
amino acids, and proteins, as well as the release of certain
components that are beneficial to humans (11).

One of the products or metabolites that can be produced
from whey fermentation are amino acids and peptides.
Amino acids and peptides are metabolites that have broad
benefits both for the food industry and for human health.
Some amino acids have a function as food additives, for
example cysteine as a dough conditioner, glutamic acid as
a flavoring, phenylalanine as a flavoring and aspartame
sweetener precursor, and so on (10,12). Amino acids, both
essential and non-essential, also play a role in various
biological activities of the body, for example in the immune
system, neurology, antioxidative responses, protein
synthesis, reproduction, and growth, which will affect
human health (13). Likewise, several peptides that have
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biological activity such as antimicrobials, antioxidants,
antihypertensives, immunomodulators, and antidiabetic
(2,14).

The enrichment of nutrients during fermentation,
including the production of amino acids and peptides, can
occur due to the metabolic activity of microorganisms,
which causes the formation of certain new metabolites or
products. These metabolites or products can be formed
through various mechanisms, for example through the
hydrolysis of sugars to produce simple acids, alcohol, or
carbon dioxide, or through biotransformation reactions
such as removing residual glycol groups to form new
compounds that have health benefits (15).

Meanwhile, amino acids and peptides can also be
produced through protein breakdown by protease and
peptidase enzymes secreted by microorganisms (16). The
breakdown of complex molecules into simple molecules
during fermentation is one of the main mechanisms for
microorganisms to meet their nutritional needs. Complex
molecules have a large size so that they cannot enter the
cell membrane of microorganisms, therefore
microorganisms secrete certain enzymes to simplify
complex molecules, such as proteins, into simple
molecules, such as peptides or amino acids, which are
smaller in size (17).

The use of types of microorganisms in fermentation will
greatly affect the profile of amino acids and peptides
produced, because each microorganism has a different
proteolytic system, for example the type and amount of
protease enzymes that can be secreted (18). Indigenous
yeast, namely yeast that naturally lives in a material, has
the potential to be applied to whey fermentation to
produce these amino acids and peptides (10). Indigenous
yeast even has several advantages over other
microorganisms, such as better adaptability to
fermentation conditions and the ability to grow and
dominate the substrate more easily and quickly (19).
Several studies have succeeded in isolating yeasts with
proteolytic activity in whey and whey-based products
such as Kluyveromyces marxianus, Clavispora lusitaniae,

Cryptococcus albidus, Kodamaea ohmeri,
Zygosaccharomyces rouxii (20-22). However, so far the
research that has investigated the profile of amino acids
and peptides produced by indigenic yeast during whey
fermentation is still limited. Therefore, this article is
expected to provide new insights regarding the
biodiversity of yeast contained in whey waste and the
potential of these indigenic yeasts in terms of fermentation
to produce useful metabolites, especially amino acids and
peptides.

Potential of Whey as a Fermentation Substrate in
Producing Amino Acids and Peptides

Whey contains 55% of the nutrients contained in milk, so
it is a waste that is rich in nutrients and can still be further
utilized for various needs (20). In general, whey is
classified into 2 types based on the coagulation technique,
namely acidic whey and sweet whey. Acidic whey is whey
resulting from making cheese which is coagulated using
mineral acids, acetic acid, or through fermentation of
microorganisms, and has a low pH of 4.3-4.6 (23).
Meanwhile, sweet whey is produced from making
coagulated cheese using rennet enzymes and has a pH of
5.9-6.6 (24).

Table 1 shows that the nutritional content of sweet whey
and acidic whey has slight differences, one of which is the
mineral content, especially calcium. Acidic whey's higher
mineral content is due to different coagulation techniques
used during cheese making. As is well known, sweet whey
is produced from cheese coagulated using rennet which
works by cutting and inactivating kappa casein so that it
becomes para-kappa-casein. This para-kappa casein does
not have the ability to stabilize the structure of casein
micelles, causing calcium-micelle casein to precipitate and
form a curd (25).

Meanwhile, in acidic whey, the addition of acid and low pH
causes colloidal calcium phosphate (CCP) to dissociate
from the neutralization of the negative micelle charge (26).
This causes CCP to become insoluble and casein is released
into the serum, until finally casein forms an aggregate and
coagulates at isoelectric pH (27).

Galactomyces  geotrichum, Candida  parapsilosis,

Table 1. Nutritional Content of Sweet Whey and Acidic Whey (4)

Compound Sweet Whey (g/L) Acidic Whey (g/L)
Total Solid 63-70 63-70
Lactose 46-52 44-46
Protein 6-10 6-8
Calcium 0.4-0.6 1.2-1.6
Phosphate 1-3 2-4.5
Lactate 2 6,4
Chloride 1.1 1.1

The difference in the mechanism between rennet and acid
shows that coagulation using acid causes the release of
calcium into whey, while rennet can maintain calcium to
bind to casein (26). Therefore, the calcium content in
acidic whey is higher than sweet whey. The use of mineral
acids such as hydrochloric or sulfuric acid can also cause
high chlorides and sulfates.

Another difference in the content of the two types of whey
is in the protein content. This is due to differences in the
degree of casein hydrolysis or proteolysis during cheese
making. The degree of proteolysis can be seen from the
remaining protein content and the amino acid and peptide
content formed after coagulation. During coagulation, a
number of proteins will be converted into amino acids or
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peptides, so that the protein content will decrease while
amino acids and peptides will increase. The higher the
protein content, the lower the amino acid and peptide
content, which means that the degree of proteolysis is low
and vice versa.

In general, the protein content in acidic whey is lower than
sweet whey, especially acidic whey which is produced
through fermentation of microorganisms (10). Therefore,
the high protein in rennet indicates that the proteolytic
activity of the enzyme is not as high as the proteolytic
activity of microorganisms. This is in line with the free
amino acid content in sweet whey which is only 4 times
higher than milk, while acidic whey contains 10 times
higher free amino acids than milk (28). In addition, the
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peptide content in acidic whey also tends to be more
complete than sweet whey (29).

Not only limited to coagulation techniques, other factors,
such as the type and quality of milk, coagulation time and
temperature, and so on, also cause the nutritional content
of whey to vary (4). The type of milk used will affect the
composition of the whey produced, for example Cheddar
cheese whey which is made from a mixture of Jersey milk
and Holstein-Friesian milk. The use of Jersey milk causes
whey to have a low protein content, but a high lactose and
total solid content (30). Cheese that was coagulated at 33
2C and 36 2C also produced whey which was higher in fat
than coagulation at 27 2C and 30 2C. This is due to the fact
that the gel and curd tissue structure formed is irregular
and less continuous, and the fat globules are thinner so
that fat mobility is high (31).

Each process unit involved in the production of a type of
cheese can produce different types of whey. An example is
Mozzarella cheese which produces two types of whey
during processing. The first whey is the liquid fraction that
remains after separating from the coagulated (curd)

casein. Meanwhile, the second whey, or commonly
referred to as stretchwater, is formed during stretching of
the curd formed, so that the curd has a stretchable or
elastic texture (32). This stage is done by cooking while
stretching the curd in water. The remaining water from the
stretching process is known as the second whey.

The two types of whey have different compositions as
shown (Table 2). This is because the treatment
experienced by the two types of whey is different. The
lower lactose content in whey 2 can be caused by heat
treatment so that the lactose transforms into lactulose and
acid (33). Meanwhile, whey 2 contains higher casein than
whey 1. The casein content in whey 2 is caused by the
presence of casein from curd which releases again during
curd stretching. This is directly proportional to whey 1
which contains almost no whey 2, because most of the
casein in whey 1 has coagulated into curd. This shows that
the treatment received by each whey during processing
will result in different compositions, even though the whey
comes from the production of the same type of cheese.

Table 1. The composition of whey and Stretchwater (34)

Compound Whey Stretchwater

Lactose (g/100 g) 4.13 3.54
Mineral (mM)

cl 28.62 43.21
Ca 16.26 41.47
K 41.10 37.03
Mg 3.97 5.82
Na 18.59 49.10
Nnitrogen Fraction (g/100 g)

Non protein Nitrogen 0.18 0.20
Casein 0.06 0.21
Whey protein 0.68 0.32
Total N 0.91 0.73

Even though each type of whey has a different nutritional
composition, whey is still a waste that is rich in nutrients
so that it can be a substrate for fermentation by
microorganisms. The nutrients needed by microorganisms
are generally divided into two, namely macronutrients,
such as carbon, nitrogen, oxygen, hydrogen, sulfur,
phosphorus, Mg?+, and K+ which are needed in amounts
above 10-4M, and the micronutrients Mo2+, Zn2+, Cu?+,
Mn?+, Ca%*, Na+, vitamins, growth hormones, and certain
precursors are needed in amounts less than 10-4M (35). All
the nutritional requirements of these microorganisms are
contained in whey, so that whey can be a fermentation
substrate and has the potential to produce useful
metabolites, especially peptides and amino acids.

Yeasts Biodiversity in Whey and Its Potential in
Producing Amino Acids and Peptides

Food products and their derivatives contain various types
of microorganisms naturally or commonly known as
indigenic microorganisms. Indigenous microorganisms
can be used as a starter in fermentation to produce a
variety of new products, including amino acids and
peptides. One type of microorganism that can be used is
indigenous yeasts. Indigenous yeasts has advantages
compared to modified yeasts from the laboratory, such as
better adaptability to fermentation conditions and the
ability to grow and dominate the substrate more easily and
quickly (36). Yeasts also has several advantages that make
it superior to other microorganisms, for example, the
living temperature range of yeast, which is between 202C
to 302C or room temperature, so it doesn't require

1360 Systematic Reviews in Pharmacy

complex temperature settings during fermentation. Yeasts
can also live optimally on a slightly acidic substrate with a
pH of 4.5 to 5.5, so it can live in both sweet and acidic whey
(37). Some other advantages are the ability of yeasts to
deal with stressful conditions such as high.

Indigenous yeasts have been isolated from milk-based
products, including cheese. The presence of indigenic
yeast in cheese is caused by the high tolerance of yeast to
extreme conditions such as low pH and Aw, high salt
concentrations, and low temperatures during ripening
(38). Types of yeasts commonly found in traditional
cheeses are Debaromyes hansenii, Yarrowia lipolytica,
Geotrichum  candidum,  Kluyveromyces  marxianus,
Kluyveromyces lactis, Candidum zeylanoides, Candida utilis,
Candida kefyr, and Saccharomyces cerevisiae (39). Several
other types of yeasts isolated from various types of cheese
can be seen in table 3. Table 3 shows that the yeasts
biodiversity in cheese is very diverse and different for each
type of cheese. One type of cheese does not necessarily
contain the same type of yeasts. This shows that there are
factors that affect the presence of types of yeasts,
especially factors related to production, ranging from raw
material preparation, processing, to storage, which can
affect the biodiversity of yeasts found in cheese.

One of the factors affecting yeasts biodiversity in cheese is
the use of a starter. A starter added to cheese is not always
a commercial starter, but it can also be a natural starter
such as the natural whey starter (NWS). Traditional
cheeses from Italy are usually fermented using NWS. NWS
itself is whey produced from cheese on the previous day
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and left to stand, so that it contains certain indigenous
microorganisms that play a role in ripening the cheese
(20). Several types of yeasts, namely Candida parapsilosis,
Candida rugosa, Debaromyces hansenii, Kluyveromyces

lactis, Kodamaea ohmeri, Torulaspora delbrueckii, and
Zygosaccharomyces rouxii are yeasts found in both NWS
and Canastra cheese.

Table 2. Yeasts Biodiversity in Different Types of Cheese

Cheese Type Yeasts

Cottage Geotrichum candidum; Yarrowia lipolytica; Kluyveromyces marxianus; Candida lusitaniae;
Kluyveromyces lactis; Pichia membranifaciens; Pichia fermentans; Pichia kluyverii; Candida sake;
Candida glabrata; Dekkera bruxellensis; Pichia kluyverii; Candida milleri; Candida rugose

Camembert Yarrowia lipolytica; Debaromyces hansenii; Candida catenulate; Candida parapsilopsis; Trichosporon
Inkin; Metschnikowia reukaufii; Cryptococcus laurentii;

Blue-Veined Debaryomyces hansenii; Yarrowia lipolytica; Candida mesenterica; Rhodotorula mucilaginosa;
Cryptococcus curvatus

Soft Cheese Geotrichum candidum; Debaryomyces hansenii

Goat’s-milk Geotrichum candidum; Kluyveromyces marxianus

Trappist Debaryomyces hansenii; Debaryomyces hansenii; Kluyveromyces lactis; Candida maltose; Torulaspora
delbrueckii

Ementhaler Debaryomyces hansenii

Sweet Cottage Candida catenulate; Saccharomyces
exiguus

Pecorino Candida inospicua; Candida intermedia; Pichia carsonii; Debaromyes hansenii; Yarrowia lipolytica;

Crotonese Kluyveromyces lactis; Saccharomyces cerevisiae

Canastra Kluyveromyces lactis; Torulaspora delbrueckii; Kodamaea ohmeri; Candida intermedia

Feta Debaromyces hansenii; Candida famata; Kluyveromyces lactis; Candida sphaerica; Saccharomyces
cerevisiae

Asiago Debaromyces hansenii; Candida famata

Montasio Kluyveromyces marxianus; Candida kefyr

Monte Veronese | Debaromyces hansenii; Candida famata; Torulaspora delbrueckii; Candida colliculosa

Caprino Yarrowia lipolytica; Kluyveromyces lactis; Candida sphaerica

Mozzarella Saccharomyces cerevisiae; Kluyveromyces marxianus; Candida kefyr; Yarrowia lipolytica

Gubbeen Debaromyces hansenii; Candida catenulata; Candida lusitaniae; Trichosporon ovoides; Candida
parapsylosis; Candida intermedia; Pichia guillermondii

Taleggio Debaryomyces hansenii, Kluyveromyces lactis, Kluyveromyces marxianus, Yarrowia lipolytica, Pichia
Guilliermondii; Torulaspora delbrueckii; Candida sake; Candida etchellsii

Salers Kluyveromyces lactis; Kluyveromyces marxianus; Saccharomyces cerevisiae; Candida zeylanoides;
Debaryomyces hansenii;Candida parapsilosis; Candida silvae; Candida intermedia; Candida rugosa;
Saccharomyces unisporus; Pichia guilliermondii

Sources: (20,40-46)

However, not all yeasts found in the NWS are also found in
the resulting Canastra cheese. Candida ethanolica, Candida
pseudolambica, Candida zeylanoides, and Cryptococcus
albidus are yeasts found in NWS, but not found in Canastra
cheese (42). The difference between yeast in cheese and
NWS is caused by during ripening events, such as the
development of a particular species, lysis of certain cells,
and DNA degradation, which lead to changes in yeasts
population (46).

On the other hand, the use of whey as a starter in cheese
production also indicates that whey contains an
indigenous yeast. However, so far, the research on
indigenous yeasts in whey is still limited. One of them is
research by Utama et al. (47) who isolated Candida
lambica from Mozzarella cheese whey. Manouri, a typical
Greek cheese made from naturally fermented whey,
contains yeasts such as Pichia membranefasciens,
Zygosaccharomyces  rouxii, Torulaspora delbrueckii,
Debaromyces hansenii, Pichia farinosa, Candida mogii,
Candida intermedia, and Saccharomyces cerevisiae (48).
Another NWS collected from 9 cheese factories in Tandil,
Argentina, contains Kluyveromyces marxianus,
Saccharomyces cerevisiae, Clavispora lusitaniae, and
Galactomyces geotrichum (38). Therefore, the biodiversity
of yeasts in whey and cheese is influenced by various
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factors, such as the quality of the milk used, the handling
and heat treatment of milk, the starter culture used, the
temperature and humidity during curing, the amount and
method of adding salt, the equipment used, the
intervention. workers and cheese exposure to outside
microorganisms during and after processing (22).
Indigenous yeast found in whey and cheese has the
potential to be used as a starter in whey fermentation to
produce amino acids and peptides. Therefore, in terms of
fermentation to produce amino acids and peptides, the
proteolytic activity of indigenous yeasts is an important
parameter. Yeast has proteolytic activity such as
caseinolytic, aminopeptidase, and carboxypeptidase
which varies from one species to another, even between
different strains under the same species (49).

Some indigenous yeasts found in cheese or whey that have
proteolytic activity are Kluyveromyces marxianus,
Clavispora lusitaniae, Galactomyces geotrichum, Candida
catenulata, Candida parapsilosis, Cryptococcus albidus,
Issatchenkia orientalis, Rhodotorula glutinis,
Rhodacotorula  mucilaginosa,  Zyrowspora  Candida
intermedia, Galactomyces candidum, Kodamaea ohmeri,
Trichosporon sp., and Trichosporon montevideense (38,50).
Research by Chaves-Ldpez et al., (51) showed proteolytic
activity as well as increased amino acid and peptide
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production by Torulaspora delbrueckii, Rhodotorula
mucilaginosa, Clavispora lusitaniae, and Kluyveromyces
marxianus in skim milk fermentation. Torulaspora
delbrueckii demonstrated the ability to produce anti-ACE
bioactive peptides with an inhibition value of 74% (52).
Clavispora lusitaniae has a total protein activity of 1.35-
1.99 mg / ml and produces leucine free amino acid
concentrations of 0.11-0.17 mM. Meanwhile, Rhodotorula
mucilaginosa with a total proteolytic activity of 0.66-1.22
mg / ml can produce the highest increase in free amino
acid concentrations compared to Kluyveromyces
marxianus and Torulaspora delbrueckii, namely 0.16-0.22
mM leucine (53).

The fermentation of skim milk by Kluyveromyces
marxianus shows the ability of the yeast to hydrolyze milk
protein into bioactive peptides which have ACE inhibitory
activity with an ACE inhibition value of 80% (51). In
addition, Kluyveromyces marxianus was also shown to be
able to hydrolyze a-lactalbumin and (B-lactoglobulin in
whey by up to 33.7% and produce a peptide chart area of
1.45 AU (54).

Fermentation of milk by Candida catenulata at 10°C and
2592C produced the highest total amino acids than
Debaromyces hansenii and Kluyveromyces marxianus, with
the dominance of the amino acid’s leucine, phenylalanine,
lysine, arginine, and glutamic acid. Meanwhile, the
dominant amino acids in milk fermented by Debaromyces
hansenii are glutamic acid, proline, glycine, alanine, and
arginine, while the amino acids in fermentation by
Kluyveromyces marxianus are leucine, valine, alanine,
isoleucine, and phenylalanine (55). Another Candida
species, namely Candida parasilopsis, can also produce
peptides with biological activity. Co-culture of Candida
parapsilosis and Lactobacillus paracasei isolated from
Comte cheese can produce Trp-Leu-Ala-His-Lys (a-la f
(104-108)) peptide which has ACE (antihypertensive)
activity in goat whey fermentation (56).

Fermentation of milk by Galactomyces geotrichum was
also proven to produce a total amino acid of 0.196 mM
leucine after 48 hours of fermentation. This yield is even
higher than milk fermentation by Lactobacillus plantarum,
Enterococcus faecalis and coculture (57).

Mozzarella Whey Indigenous Yeast and the Potential
of Peptide and Amino Acid Production

There are three indigenous yeasts in whey mozzarella,
namely Candida tropicalis, Trichosporon beigelii, and
Blastoshizomyces capitatus (58). The three yeasts are
reported to be found in food and non-food sources and
have been shown to have proteolytic activity.

Candida tropicalis has been found in cheese products and
other milk-based products, such as Serro Minas cheese
(Brazil), Kumis (Colombian fermented milk), and Amasi
(Zimbabwean fermented milk) (50,51). Trichosporon
beigelii was isolated in various types of cheese such as
Crescenza (Italy), Serro Minas, Graukase (Austrian
cheese), and cheese brine (50,59). Geotrichum capitatum,
another name for Blastoschizomyces capitatus, is found in
milk, curd during cheese production, Suucuk (a typical
Turkish fermented sausage), cheese brine, and from
membrane reverse osmosis apparatus in milk processing
plants (60,61).

Candida tropicalis has been shown to have proteolytic
activity, one of which is by secreting the aspartate protease
enzyme. Zaugg et al. (62) showed that five of the six
Candida tropicalis strains tested had proteolytic activity on
BSA (bovine serum albumin) medium and contained the
SAPT1 gene, one of the genes that allows the secretion of
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aspartate protease in microorganisms. Candida tropicalis
isolated from Kumis, fermented milk typical of Colombia,
showed proteolytic activity of 1.45-1.91 mg / ml and
caused an increase in free amino acids by 0.08-0.18 mM of
leucine in fermented milk. A total of 2 isolates from 11
Candida tropicalis isolated even showed the ability to
produce bioactive peptides with Angiotengsin Converting
Enzyme (ACE) inhibition activity of a minimum of 8.69%
and a maximum of 10.11% (63).

Trichosporon beigelii, which has been reclassified into 51
other Trichosporon species, has various proteolytic
activities (64). The proteolytic activity of Trichosporon
beigelii has been widely described in various studies. As
many as 50% of Trichosporon cutaneum isolates isolated
from cow's milk, goat, buffalo, sheep, and cheese have
proteolytic activity on gelatin (65). In fact, optimization of
the production of the protease enzyme from one of the
Trichosporon species, namely T. japonicum has been
carried out with the production of 4758.4 U / mg of
protease at its optimum conditions (66).

T. ovoides, isolated from salt solution in the production of
Limburger and Munser cheese, showed proteolytic activity
which was characterized by increasing concentrations of
water soluble peptides and amino acids (WSN) and non-
protein nitrogen (NPN). The WSN concentration in the
blank was 22.7%, while the WSN concentration in the
cheese curd slurry inoculated with T. ovoides was 27.6%.
Meanwhile, the NPN concentration in the cheese curd
slurry was 6.3% greater than the blank which was only
5.1% (21).

T. asahii and T. insectorum isolated from Kumis were
shown to have proteolytic activity. T. asahii and T.
insectorum were respectively found in Kumis with a
percentage of 1.08% and 2.1%. T. asahii has proteolytic
activity of 1.62-1.82 mg / ml and produces free amino
acids of 0.14-0.18 mM leucine. Meanwhile, T. insectorum
has a proteolytic activity of 1.28-2.1 mg / ml and produces
free amino acids of 0.12-0.26 mM leucine (63).

T. asahii isolated from Manteca, a fermented whey product
from Italy, has proteolytic activity on gelatin and casein.
The caseinolytic activity of T. asahii can produce 100 mg of
free amino acids per 100 ml of sample, for 7 days of
fermentation. Some strains even produce 700 mg of free
amino acids per 100 ml of sample. The fermentation of
Manteca by T. asahii also produces biogenic amines such
as phenylethylamine, putrescine, cadaverine, histamine,
and spermidin, as a result of its proteolytic activity. The
highest production of biogenic amines was spermidin
which reached 3.54-497 mg / kg for 2 days of
fermentation and 14.6-15.4 mg / kg for 7 days of
fermentation (67).

Other studies have shown that Geotrichum capitatum is the
best producer of protease enzymes. However, there are
several factors such as carbon source supplementation,
nitrogen source and incubation temperature that can
affect protease production. Maltose supplementation as
the only carbon source resulted in maximum protease
production, which was 75.9 U / mg protein. Peptone
supplementation as a nitrogen source can also encourage
protease production up to 88.6 U / mg protein. The
resulting protease has a maximum activity at an
incubation temperature of 302 C (68).

The amino acid composition produced by yeast will be
influenced by the type of protease it secretes. This is
because enzymes work specifically and have different
degrees of specification. These specifications are
determined by the peptide bond between the two amino
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acids that the protease can cut. Therefore, the peptides or
amino acids produced by each protease will be different
(14).

Candida  tropicalis,  Trichosporon  beigeilii,  and
Blastoschizomyces capitatus can secrete the enzyme
aspartate protease. Dinika et al. (5) showed that Candida
tropicalis can secrete aspartate protease with different
proteolytic activity, depending on the temperature and
incubation time. Trichosporon beigelii, specifically
Trichosporon asahii, can secrete aspartate peptidase with
an atomic mass of 30 kDa (69). Meanwhile, research by
Pontieri et al. (70) showed that 3 out of 16 strains of
Blastoschizomyces capitatus tested could secrete aspartate
protease. Several enzymes classified as aspartate
proteases, such as pepsin, catepsin, and chymosin, have
been shown to be able to produce peptides (71). The
hydrolysis of whey and casein goat milk by pepsin has
been shown to produce bioactive peptides with residues of
leucine, proline, histidine, serine and threonine which
contribute to the antioxidant activity of the hydrolyzates
produced (72). Pepsin can also produce bioactive peptides
from whey with sequences of KVAGT, VRT, IRL, PEGDL,
LPMH, EKF, LKPTPEGDL, LKPTPEGDLEIL, IPAVFKIDA,
WLAHKAL, WLAHKALCSEKLDQ, LAHKALCSEKL,
LKPTPEGDLEIL, IPAVFKIDA, WLAHKAL,
WLAHKALCSEKLDQ, LAHKALCSEKL, LAHKALCSEKL
(1,2,10,18). Therefore, Candida tropicalis, Trichosporon
beigelii and Blastoschizomyces capitatus have the potential
to produce peptides with the amino acid composition
above.

Apart from aspartate protease, Candida tropicalis can also
secrete serine protease. Research by Portela et al,, (73),
showed that Candida tropicalis produces serine proteases
with atomic masses of 52, 56, and 62 kDa. The resulting
serum protease can also hydrolyze bovine serum albumin,
human serum albumin, laminin, and fibrinonectin.

As many as one third of all proteases are serine proteases,
such as trypsin (Di Cera, 2009). Trypsin has been shown to
be able to produce peptides from whey protein with
various sequences, namely VAGTWY, ALPMHIR, VFK,
LAMA, LDAQSAPLR, WLAHK, VGINYWLAHK,
AASDISLLDAQSAPLR, [IPAVFK, VLVDTDYK, EQLTK,
IPAVFD, with the potential activity of anti-AIDS, anti-
hypertension and anti-HIV (1,2,10,73). Therefore, Candida
tropicalis with its serine protease secretion also has the
potential to produce peptides with the above composition.
Concluding Remarks

The studies show that some indigenous yeasts in whey and
cheese have been shown the ability in producing certain
peptides and amino acids during fermentation. Therefore,
the use of indigenous yeasts as a starter in whey
fermentation has the potential to increase the production
of peptides and amino acids. Three indigenous yeasts such
as Candida tropicalis, Trichosporon beigelii and
Blastoschizomyces capitatus were found in mozzarella
cheese whey and shown the potential in producing
peptides and amino acids with the highest protein
hydrolysis occurred at the mesophilic temperature (10-
252C). However, the production of peptides and amino
acids during fermentation are both influenced by certain
factors depend on the yeast’s species. These factors affect
the lifecylce and metabolic activity of yeasts so that it will
have an impact on the amount and composition of amino
acids and peptides produced. Further, some sequences of
amino acids and peptides produced were shown
functional and health effects such as ACE inhibitory
activities so that need to be measured in future study.
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