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Abstract
marine algae were obtained. The protease activity of the yeast cultures was estimated, after which four
strains (HN3.11, N11b, YF04C and HN4.9) capable of secreting extracellular alkaline protease were
isolated. The isolated strains were identified as Aureobasidium pullulans, Yarrowia lipolytica,

A total of 400 yeast strains from seawater, sediments, saltern mud, marine fish guts, and

Issatchenkia orientalis and Cryptococcus cf. aureus. The optimal pH of the protease activity produced by
strains HN3.11, YF04C, and HN4.9 was 9.0, while that of the protease produced by strain N11b was 10.0.
The optimal temperature for protease activity was 45°C for strains HN3.11, N11b, and YF04C, and 50°C
for strain HN4.9. After digestion of shrimp (Penaeus vannamei) protein and spirulina (Arthospira
platensis) protein with the four crude alkaline proteases, the filtrate from spirulina (Arthrospira platensis)
powder digested by the crude alkaline protease of strain HN3.11 was found to have the highest
antioxidant activity (61.4%) and the highest angiotensin I converting enzyme (ACE)-inhibitory activities

(68.4%). The other filtrates had much lower antioxidant activity and ACE-inhibitory activities.
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1 INTRODUCTION

The ocean covers 71% of the surface of the earth
and represents an important bioresource of
microorganisms, including yeast (Chi et al., 2006).
However, little is known about the diversity and
production of the bioactive substances produced by
marine yeasts. Yeast has long been used in food and
other industries. In addition, many hydrolytic
enzymes such as amylase, lipase, protease and
phytase are produced commercially using yeasts.
Among these enzymes, proteases have been shown
to have many applications in detergents, leather
processing, silver recovery, food processing, feed
production, as well as in the chemical industry, the
health care industry and the treatment of waste
(Kumar et al., 1999; Anwar et al., 1998). Proteases
also contribute to the development of high
value-added applications or products via the
enzyme-aided digestion of proteins from different
sources (Kumar et al., 1999). Previously (Chi et al.,
2007), we found that the marine yeast
Aureobasidium pullulans 10 could produce a high

yield of alkaline protease. Additionally, the
hydrolysate of shrimp protein produced using the
purified alkaline protease from the marine yeast
strain had high ACE-inhibitory activities while the
hydrolysate of spirulina (Arthrospira platensis)
powder produced by the purified alkaline protease
from the marine yeast strain had high antioxidant
activity (Ma et al., 2007). These findings suggests
that alkaline protease from marine yeasts has the
potential for application in the enzyme-aided
digestion of proteins from different sources.
Terrestrial yeasts reported to produce alkaline
proteases include Candida lipolytica (Tobe et al.,
1976), Yarrowia lipolytica (Ogrydziak, 1993) and
Aureobasidium pullulans (Donaghy et al., 1993). The
extracellular alkaline protease produced by
Y. lipolytica can reach several grams per liter under
optimized conditions (Barth et al., 1996). However,
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very few studies have been conducted to evaluate
alkaline protease-producing marine yeasts (Chi et al.,
20006).

After we screened over 400 marine yeast strains
from different marine environments, we found that
some strains could secrete a large amount of
alkaline protease into medium prepared using sea
water. This study was conducted to analyze the
diversity of alkaline protease-producing marine
yeasts. We also evaluated the antioxidant activity
and the ACE-inhibitory activity of the hydrolysis
products of proteins treated using the crude alkaline
protease produced by the marine yeasts.

2 MATERIALS AND METHODS
2.1 Sampling

Samples of seawater and sediments were
collected from the Southern Sea of China, Indian
Ocean and the Pacific Ocean during Antarctic
exploration in 2004. In addition, hypersaline sea
water, sediments from salterns, different species of
marine animals and algae were collected from the
coast of Qingdao, China.

2.2 Screening and isolation of protease-producing
marine yeasts

Two grams of sediments, 2 ml of seawater, the
homogenized guts of marine animals or
homogenized marine algae were suspended in
20.0 ml of YPD medium containing 2.0% glucose,
2.0% polypeptone and 1.0% yeast extract that was
prepared with seawater and supplemented with
0.05% chloramphenicol. The samples were then
incubated at room temperature for 5 days on the ship,
after which they were plated on YPD agar plates
containing 0.05% (w/v) chloramphenicol and
incubated at 20°C—-25°C for 5 days. Colonies grown
on the YPD agar plates were then transferred to
protease-screening plates containing 2.0% (w/v)
casein and incubated for an additional 5 days at 25°C.
Strains that produced a large clear zone were selected
for subsequent evaluation.

2.3 Protease production and determination of
protease activity

One loop of the cells of each yeast strain was
transferred from the slants to 50 ml of YPD medium
in a 250 ml flask and aerobically cultivated for 24 h.
The cell culture (5 ml, ODgooun=20.0) was then
transferred to 50 ml of the production medium,
which contained 2.0% glucose, 2.0% NaNO;, and
50 ml of sea water, and then incubated with shaking
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at 160 r/min and 25.0°C for two days. The cell
culture was then centrifuged at 8 000 r/min and 4°C
for 10 min, after which the supernatant obtained was
used as the crude protease solution.

Next, 0.5 ml of this supernatant was mixed with
1.0 ml of 0.5% casein solution in glycine-NaOH
buffer (0.05 mol/L, pH 9.0 or 10.0) preincubated at
45°C or 50°C for 30 min. The mixture was then
incubated at 45°C or 50°C for 30 min, after which 2.0
ml of 10% TCA (trichloroacetic acid) solution were
added to the mixture to stop the reaction. The
reaction mixture was then centrifuged at 12 000
r/min (4°C) for 15 min. The tyrosine content in the
supernatant was determined colorimetrically at 650
nm using Folin-phenol reagent (Lowry et al., 1951).
The same mixture to which TCA solution was added
before the reaction was used as the blank. The
enzyme activity was defined as the amount of the
enzyme that liberated 1 pg of tyrosine per min under
the conditions used in this study. The specific
protease activity was units per mg of protein. Protein
concentration was measured using the Bradford
method, with bovine serum albumin as the standard
(Bradford, 1976).

2.4 Phenotypic characteristics and phylogenetic
analysis

The morphological and physiological
characteristics were examined using the methods
described by Yarrow (1998) to identify the yeast. The
total genomic DNA of the yeast strains was isolated
and purified using the methods described by
Sambrook et al. (1989). The primers used to amplify
the D1/D2 26S rDNA of the yeast were as follows:
forward primer NL-1 (5-GCATATCAATAAGCG
GAGGAAAAG-3"), reverse primer NL-4 (5'-GGTC
CGTGT TTCAAGACGG-3') (Sugita et al., 2003).

The sequences obtained above were aligned using
a BLAST analysis (http://www.ncbi.nlm.nih.gov/
BLAST) for comparison with currently available
sequences. The results revealed 13 sequences with
over 98% similarity belonging to 13 different genera
present in the NCBI database (http://www.ncbi.nlm.
nih.gov). Multiple alignments using these sequences
were then conducted with ClustalX 1.83 and
phylogenetic trees were constructed using PHYLIP
software package version 3.75¢ (Felsenstein, 1995).
Distance matrices were generated by the DNADIST
program based on Kimura’s two-parameter model
(Kimura, 1980). Neighbor-joining analysis of the
data sets was conducted using the neighbor program
of the PHYLIP package. Ricciocarpus natans was
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used as an outgroup during construction of the
consensus tree of the isolates based on the D1/D2
26S rDNA sequences.

2.5 Effects of pH and temperature on protease
activity

The effects of pH on the alkaline protease activity
were determined by incubating the crude protease
solution at pHs ranging from 6.0 and 10.0 using the
standard assay conditions described above. The
buffers used were 0.02 mol/L Na,HPO,-Citric acid
buffer (pH 6.0-8.0) and 0.05 mol/L Glycine-NaOH
buffer (pH 9.0-10.0). The optimal temperature for
the activity of the crude protease was determined by
incubating the solution at 35°C, 40°C, 45°C, 50°C
and 55°C in the same buffer described above.

2.6 Preparation of protein sample

One g of the spirulina (Arthrospira platensis)
powder was suspended in 2.0 ml of Na,HPO,4-Citric
acid buffer (ice-cold) to make a thick suspension.
Next, 2.0 g of fresh shrimp (Trachypenacus
curvirostris) muscle was sliced into small pieces,
which were subsequently suspended in 2.0 ml of the
ice-cold buffer described above. The spirulina
suspension and sliced shrimp muscle were then
homogenized in a DY89-1 Type Electric Glass
Homogenizer (Xinzhi, Zhejiang, China) for 1 h on
ice. Next, the cell debris was removed by
centrifugation (12 000 r/min, 4°C, 30 min), after
which approximately 2.0 ml of the supernatants were
subjected to ultrafiltration to obtain proteins with a
weight of greater than 10 kD using a Labscale™ TFF
System (Millipore, USA). The obtained proteins
were then used to conduct a bioactive assay of the
marine alkaline protease.

The protein concentration of the samples was
measured using the method described by Bradford
with bovine serum albumin as the standard
(Bradford, 1976). The protein concentration in the
samples was then adjusted to 5.0 mg/ml.

2.7 Protein digestion by marine alkaline protease

One hundred microliters of the protein sample
were mixed with 1 ml of the crude protease (50 U/ml)
and 0.8 ml of 0.05 mol/L glycine-NaOH (pH 9.0 or
10.0). The mixtures were then incubated at 45°C or
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50°C for 4 h, after which they were heated in
boiling water for 10 min to terminate the digesting
reactions. The reaction mixture was then centrifuged
(12000 r/min, 4°C, 20 min), after which the
resulting supernatants were filtered through an
AmiconYM3 (MW cut-off 3 kD) membrane to
remove proteins with a molecular weight of more
than 3 kD. The filtrate was then used as the peptide
sample.

2.8 Assay of antioxidant activity and ACE-
inhibitory activity

The antioxidant activity of the peptide sample was
determined according to the method described by Re
et al. (1999). After adding 1.0 ml of diluted ABTS"
[2,2"-azinobis-(3-ethylbenzothiazoline-6-sulfonicacid)]
solution (A7z4nm = 0.700 = 0.020) to 10 pl of the
peptide sample, the absorbance was measured at
30°C exactly 1 min after initial mixing and then
again at 6 min. The absorbance of 1.0 ml of the
diluted ABTS" solution in 10 ul of distilled water at
734 nm was regarded as no inhibition (control) and
the percentage inhibition of the absorbance at 734 nm
of the diluted ABTS" solution containing the peptide
sample was calculated.

The angiotensin 1 converting enzyme (ACE)
inhibitory activities of the peptide sample were
determined according to the method described by Li
et al. (2005). The ACE inhibitory activity of the
peptide sample was calculated as follows:

B-C
where B is the absorbance of the control (buffer
added instead of test sample), C is the absorbance of
the reaction blank (HCI was added before ACE), and
A is the absorbance in the presence of sample.

ACE inhibitory activity (%) = x 100

3 RESULTS

3.1 Screening and isolation of marine yeast
strains with protease activities

Screening of over 400 yeast strains from seawater,
sediments, the guts of marine fish and marine algae
revealed four strains (HN3.11, N11b, YF04C, HN4.9)
of marine yeasts that could secrete extracellular
alkaline protease when grown in YPD medium

Table 1 Alkaline protease specific activity in the four marine yeasts from different sources

Strain HN3.11
Source

Specific activity (U/mg protein) 127.0

N11b

YFO4C HN4.9

Sea water, Qingdao, China Sea water, Antarctica Sea water, Changdao, China Sediment Qingdao, China
43.9 34.0 26.7
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(Table 1). Strains HN3.11, N11b, YF04C and HN4.9
were isolated from sea water at Qingdao in China,
Antarctica, Changdao and sediment in Qingdao,
respectively.

3.2 Phenotypic characteristics and phylogenetic
analysis

The colonies produced by yeast strain HN4.9 were
pink and butyrous and its vegetative cells reproduced
by budding (Figs.1,2). There were no elaborate
pseudohyphae and ascospores (data not shown). The
colonies of yeast strain YF04C were light cream
colored, with cells from ovoid to elongate in shape
that occurred singly or in pairs. There were elaborate
pseudohyphae but not ascospores (data not shown).
The colonies formed by yeast strain HN3.11 were
white or pink and its vegetative cells reproduced by
budding. The colonies were initially white, after
which they became pink to greenish, and finally
black (data not shown). The colonies of yeast strain
N11b were white to cream, butyrous to membranous
and its vegetative cells reproduced by budding. There
were elaborate pseudohyphae and/or septate hyphae
and persistent asci containing up to four rough oval,
round and hat Saturn- or walnut-shaped ascospores
(data not shown).

Tables 2 and 3 show the fermentation spectra and
carbon source assimilation spectra of the marine
yeasts found to be capable of secreting extracellular
alkaline protease in this study. Yeast strains HN3.11,
N11b and HN4.9 could not ferment any of the tested
sugars; however, strain YF04C was capable of
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fermenting glucose. HN3.11 could assimilate all of
the sugars shown in Table 3 except for lactose. N11b
could assimilate glucose, sucrose, raffinose and
L-arabose, but could not assimilate lactose, xylose,
maltose, cellobiose, trehalose, soluble starch,
galactose, melibiose, or D- arabose. YF04C could
only assimilate glucose. HN4.9 was able to
assimilate all of the tested sugars. Based on these
results and currently available data regarding yeast
(Kurtzman et al., 2000; Takashima et al. 2003)
strains HN3.11, N11b, YF04C and HN4.9 were
identified as Aureobasidium pullulans, Yarrowia
lipolytica, Issatchenkia orientalis and Cryptococcus
aureus, respectively.

3.4 Phylogenetic analysis of the sequences of the
D1/D2 26SrDNA

According to Kurtzman et al. (2000), traditional
and routine identification methods that depend on
phenotype generally lead to uncertain and inaccurate
interpretations of species interactions. Accordingly,
sequence analysis of phylogeny for microbial
taxonomy is a more accurate method of determining
inter- and intra-specific relationships. Therefore, the
D1/D2 26S rDNA of the yeast strains were determined
and aligned using BLAST analysis (http://www.ncbi.
nlm.nih.gov/BLAST). Phylogenetic trees were
constructed by using PHILIP software package
version 3.75c¢ (Felsenstein, 1995). A search for
similarities between the D1/D2 26S rDNA sequences
of the isolates and those in the NCBI database
revealed that many phylogenetically related yeast

Fig.1 Photographs of colonies of the four protease-producing marine yeasts
a. HN3.11; b. N11b; c. YF04C; d. HN4.9. Medium: YPD medium; temperature: 28°C; incubation time: 3 days

Fig.2 Micrographs of vegetable cells of the four protease-producing marine yeasts
a. HN3.11; b. N11b; c. YFO04c; d. HN4.9. Medium: YPD medium; temperature: 28°C; incubation time: 24h
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Table 2 Fermentation of different carbohydrates by the
marine yeast strains

HN3.11 NI11b YF04C HN4.9
Glucose - - + -
Sucrose - - - -
Maltose - - - -
Lactose - - - -
Galactose - - - -
Raffinose - - - -
Melibiose - — - —

Fermentation was conducted at 25°C and media containing 2.0% sugar at

Strains

native pH. +: positive; —: negative

Table 3 Assimilation of different carbohydrates by marine
yeast strains

Strains HN3.11 N11b YF04C
Glucose + + +
Sucrose
Lactose
Xylose
Maltose
Cellobiose
Trehalose
Starch
Galactose
Raffinose
Melibiose
L-arabinose
D-arabinose

HN4.9

+
+
|

+

+ 1 |
[ \
T T S S e S e S e 2

T S R e
|
|

+
|
+

Assimilation was evaluated at 25°C using media that contained 0.5% sugar
at native pH. +: positive; —: negative

species were similar to the strains obtained in this
study. The phylogenetic relationships of the D1/D2
26S rDNA sequences of the yeast strains isolated in
this study are shown in Fig.3. The topology of the
phylogram shown in Fig. 3 revealed a 99% bootstrap
value between the D1/D2 26S rDNA sequence of
strain HN4.9 and that of Cryptococcus cf. aureus
NRRL Y-27710. Additionally, the D1/D2 26S rDNA
sequences of strains HN3.11, N11b and YF04C were
found to be 100% homologous with those of
Aureobasidium pullulans HN2.3, Yarrowia lipolytica
ATCC 18942 and Issatchenkia orientalis CCTCC
M206098, respectively. Based on the phenotypic
characteristics and phylogenetic analyses, strain
HN4.9 was identified Cryptococcus cf. aureus,
whereas strains HN3.11, N11b and YF04C were
identified as Aureobasidium pullulans, Yarrowia
lipolytica and Issatchenkia orientalis, respectively.

3.5 Effects of different temperatures and pH on
the activity of the crude proteases

The results shown in Fig.4 demonstrate that the
optimal pH of the crude proteases produced by
Aureobasidium pullulans HN3.11, Issatchenkia
orientalis YF04C and Cryptococcus cf. aureus

HN4.9 was 9.0. The optimal pH for the crude
protease produced by Yarrowia lipolytica N11b was
between 9.0 and 10.0, which is similar to that of the
terrestrial yeast Yarrowia lipolytica CX161-1B
(Ogrydziak and Scharf, 1982). As shown in Fig.5,
the optimal temperature of the crude proteases
produced by Aureobasidium pullulans HN3.11,
Yarrowia lipolytica N1lb, and Issatchenkia
orientalis YF04C was 45°C, while the optimal
temperature of the crude protease produced by
Cryptococcus cf. aureus HN4.9 was 50°C.
Additionally, the results presented in Fig.4 and Fig.5
clearly demonstrate that Aureobasidium pullulans
HN3.11 could produce much more alkaline protease
than any other yeast strains used in this study.

3.6 Antioxidant activity and ACE-inhibitory
activity

After determination of the antioxidant activity of
the filtrates, it was found that all of the filtrates had
antioxidant activity. The antioxidant activity of the
filtrate from the digest of spirulina (Arthrospira
platensis) protein obtained using crude alkaline
protease produced by Aureobasidium pullulans
HN3.11 was 61.4% (Fig.6). However, the
antioxidant activity of filtrates produced by the crude
alkaline proteases of the other yeast strains was much
lower than that of the protease produced by
Aureobasidium pullulans HN3.11.

After determination of the ACE-inhibitory
activity of the filtrates, the ACE-inhibitory activity
of the filtrate from the digest of spirulina
(Arthrospira platensis) protein using crude alkaline
protease produced by Aureobasidium pullulans
HN3.11 was 68.4% (Fig.7). Additionally, as shown
in Fig.7 and 8, the filtrates from the digest of
spirulina (4rthospira platensis) protein produced by
the crude alkaline proteases had a greater
ACE-inhibitory activity and antioxidant activity than
those from the digest of shrimp (Penaeus Vannamer).

4 DISCOSSION AND CONCLUSION

Recently, we demonstrated that the diversity of
marine yeasts is very rich. However, to the best of
our knowledge, marine yeasts have not yet been
utilized for extracellular enzyme production (Chi et
al., 2006). In this study, four marine-derived strains
of yeast capable of secreting extracellular alkaline
protease were isolated and identified. Interestingly,
most of the protease-producing marine yeasts
identified in this study were isolated from marine
environments (Table 1).
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NI11b EU304244

Yarrowia lipolytica strain ATCC 18942 AF335977

Metschnikowia noctiluminum strain NRRL Y-27753 AY611609

Aureobasidium pullulans strain HN2.3 EF375702

HN3.11 EU304243

Pichia nakazawae var. akitaensis strain NRRL Y-27710 AY520331

HN4.9 EU304248

Cryprococcus cf. aureus NRRL Y-30213 EF056309

Cryptococcus flavescens KCTC 17053 AF459668

Issatchenkia orientalis strain CCTCC M206098 EF030708

YF04C EU304245

Issatchenkia hanoiensis strain NRRL Y-27509 EF550349

Fig.3 Consensus tree of the isolates based on D1/D2 26S rDNA sequences obtained in this study and 13 previously published

sequences obtained from GenBank

The outgroup was Ricciocarpus natans. The numbers on the tree branches indicate the percentages of bootstrap samplings derived from 1 000 samples

that supported the internal branches by 45% or higher. All strains shown are type strains

The results of routine identification and molecular
methods show that the marine yeast strain HN3.11
was similar to Aureobasidium pullulans, that strain
NI11b was similar to Yarrowia lipolytica, strain
YF04C to Issatchenkia orientalis and strain HN4.9 to
Cryptococcus cf. aureus. Terrestrial yeasts that have
been reported to produce alkaline proteases include
Candida lipolytica (Tobe et al., 1976), Yarrowia
lipolytica (Ogrydziak, 1993) and Aureobasidium

pullulans (Donaghy et al., 1993). Among the
extracellular enzymes of Y. lipolytica, alkaline
protease could reach several grams per liter under
optimized conditions (Barth et al., 1996). Recently,
several strains of marine Yarrowia lipolytica were
found to have a high ability to degrade oil pollutants
in marine environments (Jain et al., 2004).
Previously (Chi et al., 2007), we found that the
marine yeast Aureobasidium pullulans 10 could
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produced by the four marine yeasts
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Fig.6 Antioxidant activity of peptides produced by the crude
alkaline protease from different marine yeasts
All data shown are the means+SD, n=3

produce a high yield of alkaline protease. However,
terrestrial Cryptococcus aureus and Issatchenkia
orientalis have not been reported to produce
protease. In another study (Sheng et al., 2007), we
found that the marine yeast Cryptococcus aureus
G7a grown in medium prepared with sea water

80

70 + M Peptides produced from spirulina algae

60 O Peptides produced from shrimp protein
50+
40 -

30t

ACE-inhibitory avtivity(%)

20+

HN3.11 Nllb YF04C HN4.9

Fig.7 ACE-inhibitory activity of peptides produced by the
crude alkaline protease produced by different marine
yeasts

All data shown are the means+SD, n=3

secreted a large amount of inulinase. Cryptococcus
aureus has only recently been described (Takashima
et al., 2003). Prillinger et al. (1999) reported that
Issatchenkia orientalis is widely distributed in
different cheeses. Additionally, Costas et al. (2004)
found that the yeast Issatchenkia orientalis CECT
10688 could secrete proteins with lipolytic activity in
submerged culture. Overall, these findings indicate
that Cryptococcus cf. aureus HN4-9 and
Issatchenkia orientalis YF04C obtained in this study
are novel alkaline protease producers.

As shown in Fig.4, the optimal pH of the crude
alkaline protease produced by the marine yeast
strains HN3.11, YF04C and HN4.9 was 9.0. The
optimal pH of the crude protease produced by
Yarrowia lipolytica N11b was between 9.0 and 10.0,
which is similar to that of the terrestrial yeast,
Yarrowia lipolytica CX161-1B (Ogrydziak and
Scharf, 1982). Kumar et al. (1999) reported that the
optimum pH range of alkaline proteases was
generally between pH 9 and 11, with a few
exceptions in which the pH was greater than 11.5.
Therefore, the results obtained in this study were in
agreement with those reported by other researchers
(Kumar et al., 1999).

As shown in Fig.5, the optimal temperature of the
crude proteases produced by HN3.11, N11b and
YF04C was 45°C. Additionally, the optimal
temperature of the crude protease produced by
HN4.9 was 50°C, which was higher than that of
other marine yeasts tested in this study and that of
Aureobasidium pullulans 10 (Chi et al., 2007). It has
been reported that the optimum temperatures of
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alkaline proteases produced by bacteria range from
50°C to 70°C (Kumar et al., 1999). An alkalophilic
Bacillus sp. BI89A has even been shown to secrete
an alkaline protease with a higher optimum
temperature of 85°C (Kumar et al., 1999). These
results suggest that the optimum temperatures of
alkaline protease from marine yeasts are lower than
those of bacteria.

Assay of the antioxidant activity and
ACE-inhibitory activity of the yeasts isolated in this
study (Fig.6 and Fig.7) showed that the filtrate from
spirulina (Arthospira platensis) powder digested by
the crude alkaline protease produced by strain
HN3.11 had the greatest antioxidant activity (61.4%)
and the highest angiotensin I converting enzyme
(ACE)-inhibitory activity (68.4%). In another study
(Ma et al., 2007), the ACE inhibitory activity of the
resulting peptides produced by the shrimp
(Arthospira platensis) protein digested with the
purified  alkaline  protease  produced by
Aureobasidium pullulans 10 was found to be 85.3%
and the antioxidant activity of those produced from
the spirulina protein digested by the same protease
was 54.6%. It is well known that short peptides
produced by enzymatic hydrolysis and fermentation
from different sources of protein have ACE
inhibitory activity, antioxidant activity, opioid
agonistic  and  antagonistic  activity  and
immunomodulatory effects (Silva et al., 2005).
Therefore, the alkaline protease from the marine
yeast Aureobasidium pullulans HN3.11 has the
potential for use in the production of bioactive
peptides from spirulina (Arthospira platensis)
powder. There are large amounts of spirulina
(Arthospira platensis) powder produced by many
biotech companies in China each year. The results of
the present study indicate that the protein resources
for bioactive peptide production are very high in
China.
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