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Abstract

Characteristics gwater—soluble flours from soy (SF), soy tempe (STF), and germinated-soy tempe (GTF) were compared
with those of commercial soy protein isolate (SPI). Defatted flour of soy, soy tempe, and germinated soy tempe were extracted
in alkaline water (pH 9) and freeze dried to produce water-sol flours. Protein contents of SE, STF, and GTF were 49%,

47%, and 51%, respectively, and lower than that of SPI (84%).

ium dodecyl sulfate-polyacrylamide gel electrophoresis

(SDS-PAGE) profiles showed that STF and GTF contained lower molecular size of proteins compared to SF and SPL Trypsin
inhibitor activity was detected only in SPI. The most abundant phytic acid was contained in SE followed in order of decreasing
abundance, by SPL, STF, and GTE Antiradical activities measured by DPPH assay also showed significant variations, and the
activity was highest in GTE followed in order of decreasing activities, by STF, SE and SPL. The foamingand emulsion capacities
of STF and GTF were significantly lower than SPI, but higher than SE. These data strongly suggest that STF and GTF have

better functional characteristics than commercial SPI. However, optimization of the extraction process is needed to improve

the yield and protein content.

Keywords: protein; soybean; germinated-soy; soy protein isolate; foaming and emulsion properties.

Practical Application: Producing food ingredient based on fermented soybean (tempe).

1 Introduction

Tempe is popular fermented food in Indonesia. The health
benefits of tempe have been reported (Astuti et al., 2000). Zhan &
Ho (2005) reported that tempe could significantly reduce total
cholesterol, LDL, and triglycerides content in blood. Tempe
was also reported to have a hepatoprotective effect (Mohd
Yusof et al., 2013), ACE-inhibitory and antioxidant activity
(Gibbs et al,, 2004), and immunological impact on intestinal
mucosa (Soka et al., 2014).

Tempeis also known to contain high quality and high digestibility
of protein. Mice fed with tempe flour showed significantly higher
feed conversion ratio and true protein digestibility than mice fed
with soy flour (Asmm etal, 2015). Soybean as the raw material
of tempe is rich in essential amino acids compared to other plant
protein sources (Soares et al., 2005). During fermentation, the
quality of the protein is improved. Partially hydrolyzed protein
with high digestibility is produ d allergenicity of the protein
is reduced after fermentation (Chang et al., 2009; Wilson et al.,
2005). The antinutrient compounds of soybean was also reduced
during tempe processing (Haron & Raob, 2014).

Tempe has a short shelf life due to continuous fermentation
which may lead to discoloration and production of unpleasant
flavor from ammonia (Nout & Kiers, 2005). Several studies
related to this problem have been released, such as innovation
in extending tempe shelf life by combining steam blanching at
80 °C (three minutes) and vacuum packaging (Astawan et al.,

2016a) and tempe flour production. However, the application of
tempe flour has been limited. Processing tempe into water-soluble
flour for food ingredient can be an alternative approach to
expand its utilization.

Production of water-soluble flour based on tempe might
improve the utilization of protein in tempe. Water-soluble
flour of tempe might be applied widely as a food ingredient.
It can be used as a protein source or applied to improve the
functionality of foods. Zayas (2012) reported that polypeptides
in a smaller size can provide better functionality on the food
system. Water-soluble flour based on germinated-soy tempe is
also an interest to be analyzed. Zielinski (2003) reported that
germination increased the protein content of soybean, while
carbohydrate and lipid contents were reduced (Shi et al., 2010).
Our previous study also found that germinated-soy flour had
better antioxidant activity @Rd functionality than soy flour
(Astawan & Hazmi, 2016). This research was aimed to study
the characteristics of w oluble flour of tempe (made of
soy and germinated-soy) and to compare them with those of
commercial soy protein isolate and water-soluble flour of soy.

2 Materials and methods
Whole soybean seeds (var. Grobogan) were ﬂained from

Grobodfl, Central Java, Indonesia. Commercial soy protein
isolate (ISP-YX 2000, Shandong-Yuxin, Bio-tech Co.Ltd., China)
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gncliona] properties of water-soluble tempe flour

was used to compare the products. Commercial powdered tempe
starter (RAPRIMA, PT Aneka Fermentasi Industri, Bandung,
Indonesia) for tempe production wa%rehascd from Rumah
Tempe Indonesia, Bogor, Indonesia. All other chemicals used

in the analyses were of analytical grade.

2.1 Water-soluble flour processing
Preparation of tempe

Production of tempe was carried out in Rumah Tempe
donesia, Bogor by the standard method of the company.
oybeans were sorted, soaked for 2 hours in water, boiled for
60 min then soaked for 24 hours, dehulled, poured by water
(100 °C), drained, inoculated by starter (15 g per 10 kg soybeans),
packed in perforated polypropylene bags (25 cm x 12 cm), and
fermented for 40 hours at 30 °C. For gcrminatcd-s?tcmpc,
soybean was germinated before processed into tempe. Soybeans
were soaked in water at room temperature (27 °C) for 3 hours.
Following the draining process, soybeans were then moved
into a perforated container and watered (1:5 w/v) every 4 hours
for 20 hours at room temperature to allow the radicle to grow
between 0.5 and 2.5 mm.

Prepgation of defatted flour

oyl oy tempe, and germinated-soy tempe were processed
into flour based on the method of Omosebi & Otunol #R013)
with slight modifications. Soybeans were dried in a cabinet
dryer (Engineering & Equipment GmbH, 6072 Dreieich, West
Germany) at 60 °C, and milled by a disc mill with 60 mesh sieve.
Soy tempe and germinated-soy tempe were initially sliced to a
thickness less than 0.5 cm by a slicer (ALEXANDERWERK,
UCII, Montgomeryville, Pennsylvania) and steamed for 2 min
before dried in a cabinet dryer at 60 °C. Dried soy tempe and
germinated-soy tempe were then milled by a disc mill with
60 mesh sieve. The flours of soy, s mpe, and germinated-soy
tempe were then suspended in n-hexane (1:3 w/v) and stirred
for 1 hour atroom temperature. The solvent was then separated
from the prccipita@zollowing two times of extraction, the
precipitate was left in a fume hood to vaporize the solvent.

Extraction
Defatted flour was suspended in water (1:10 w/v) and the
pH was adjusted to 9 by using 10 N NaOH. The solution was
n stirred for 18 hours at 25 °C and centrifuged for 30 min
CKMAN, J2-MC, Minnesota, rotor JA-14) by 9000 rpm
4 °C. The supernatant was collected and dried by a vacuum
reeze dryer (EY FD-550, Tokyo Rikakikai Co.,Ltd., Tokyo,
Japan). The flour was stored at 4 °C for analyses.

2.2 Chemical composition and functional properties
Proximate composition

S hemical compositions were determined by proximate
analysis according to pnethod of AOAC (2012). Moisture
and ash contents etermined by the gravimetric method
(AOAC925.09 and AOAC 923.03). Protein content was measured
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by the Kjeldahl method (AOAC 955.04D). Fantent was
determined by Soxhlet method (AOAC 922.06). Carbohydrate

content was calculated by difference.

Mﬂl’ﬂar weight profile

Molecular weight of the IPcin was estimated using the
glycine-SDS-PAG .5% gel) based on the method of Laemmli
(1970) and tricine-SDS-PAGE based on the met of Schigger
(2006). Sample (50 puL) was prepared in a 50 pl buffer (0.01 M
Tris-HCl pH 6.8; 0.1% SDS; 0.1% 2-mercaptoethanol) and kept in
water bath (100°C) for 5 min. Precision Plus Protein 10-250 kDa

Blue Standards, BioRad, Hercules, California) and Natural
Polypeptide SDS-PAGE Standards 1.4-26.6 kDa (BioRad, Hercules,
California) were used as marke r glycine-SDS-PAGE and
tricine-SDS-PAGE, respectively. Coomassie brilliant blue R250
(0.25 g) in acetic acid (10 mL) and methanol solution (90 mL)
was used as staining solution.

Trypsin inhibitor activity

The trypsin inhibitor activity was analyzed following
method of Hummel (1959). Trypsin (porcine pans) an
TAME (p-toluenesulfonyl-L-arginine methyl ester) purchased
from Wako Pure Chemical Industries, Ltd. (Osaka, Japan) were
used as the en and substrate, respectively. The sample was
dissolved in a 10 mM Tris-HCl buffer (p H@¥) at a concentration
of 1 mg/mL buffer. The trypsin was also dissolved in the same
bufferata concentration of 1 mg/mlbuffer. Before meas ent,
the sample solution and the trypsin solution were mixed at aratio
of 1:1 (v/v) and incubated for 5 min at 30 °C Substrate solution
made of 1.2 ml Tris-HCI buff@¥3.8 mL TAME (1.74 mM),
and 3 pl CaCl, (1 M) was also incubated for 5 min at 30 °C.
For %sm’cmcnt, 5 uL solution of the sample- trypsin solution
was added into the substrate solution, and the mixture was kept
at 30 °C. The absorbance (247 nm) at just after mixing (0 min)
and at 3 min after the mixing was recorded. The trypsin activity
of the sample was obtained by the Equation 1:

Abs ar 3 min — 4hsar 0 min " 1000

—_— 1
Ar 25 &

Trypsinactivity (Ya)=
where Atisthe time difference in recording absorbance (3 min).

%ﬁc acid content

Phytic acid content was measured by colorimetric method
based on Lai efgg9(2013). Sample (5 g) was extracted in 2.4% HCl
(100 mL) and centrifuged (EPPENDORE, 5810 R, Germany) at
3000 or 30 minat 25 °C. The supernatant (3 ml) was mixed
with 1 mL of the Wade reagent (0. solution of FeCl, -6H,0
containing 0.3% sulfosalicylic acid) and centrifuged at 3000 rpm
for 30 min at 25 °C. The absorbance of the mixture was measured
with a spectrophotometer (THERMO FISHER SCIENTIFIC,
4001/4, Waltham, Massachusetts) at 500 nm. The mixture of

| Wade reagent and 3 ml distilled water was used as the

ank. The concentration of the phytic acid was calculated by a
standard curve method.
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dant activity (DPPH assay)

Anti,

ﬁa‘sed on the method of Barreira et al. (2008), 150 pL
sample solution (10 mg/ mL) was mixed with a 1 mL DPPH
(Wako Pure Chemical Industries, Ltd., Os Japan) solution
(2.7 mg DPPH in 100 mL methanol) and incubated in a dark
room for 20 min at room temperature. The mixture was then
centrifuged with the speed of 10000 = g {@9% min (4 °C using
centrifuge (KOKUSAN, H-200, Japan). The absorbance at 517 nm
was taken. The antiradical activity to DPPH was calculated using
the Equation 2:

Abs control — Abs sample

Antiradical activi DPPH (%
ntiradical activity on (%) b3 contral

# 100 (2)

Foaming properties

The foaming capacity and stability were measured b
method of Klompong et al. (2007). The sample solution (60 mL,
3% w/v) wag omogenized with a blender (MIYAKO, BL-101
Indonesia) for 1 min. The solution was then placed ina 100
graduated cylinder and the volume of the foam was recorded.
The foaming capacity was expressed using Equation 3:

Vi (ml) -V, (mD) | (3)

Foaming capacity (4 ===, ) »
[}

where V, = initin@umc and V, = volume after homogenization.
In addition, the foam stability was obtained as a percentage of
the volume of retained foam after 20 minutes (Yin et al., 2008).

15
Emulsifying properties
The emulsifying activity index (EAI) and the emulsion stability

index (ESI) were measured by the method ompong et al.
(2007). As much as 300 mg sample was solved in 30-mL distilled
water. The solution was then mixed with 0il (10 mL) and

homogenized by using blender with the speed of 20000 rpm
for 1 . Immediately after homogenization, 50 uL emulsion
he bottom of the container was taken and mixed with 5 mL
ium dodecyl sulfate (SDS) 0.1%. The absorbance at 500 nm
was measured by a spectrophotometer (THERMO FISHER
SCIENTIFIC, 4001/4, W: , Massachusetts). The EAI was
calculated using Equation 4:

2%2303 x A

EAl(m?/g)=—————— 0
(m®/g) 0.25 = protein (g)

(4)

while the EST using Equation 5:

Ay X AL )

= gsorban ce

where A= absorbance after homogenization; A,
at 10 min after homogenization; At = 10 min; and AA = A-AL

ESI (min) =

Pmtein%ﬂsﬁbiﬁty (in vitro)

Determination of protein digestibility (in vitro) was conducted

by using p and pancreatin from Sigma- Aldrich Co.LLC
Abdel-Aal (2008). Sample solu (1.5 g/30 mL) was mixed

with pepsin solution (pH 1.9) and incubated for 30 min at
37 °C. Following thhcubation, pH was altered to 7.5 by using
NaOH. Pancreatin solution was then added and solution was
incubated for 6 h at 37°C. The mixture was then mixdFgml:1)
with TCA solution (20 g/100 mL) and centrifuged. The soluble
proteinin obtained the supernatant was then measured by using
Lowry method. BSA was used as standard. Soluble protein was
compared to total protein.

%ﬁsﬁml analysis

Data were analyzed by ANOVA and differences between means
by Duncan test using SPSS (Ver.22, Chicago, IL). Significance
was considered at the level of 5%.

ﬂesults and discussion
3.1 Proximate composition

) Table 1 shows the chemical composition of SPI and
water-soluble flour from soy, soy tempe, and germinated-soy
tempe. There is no significant difference in moisture content
among sa s. Meanwhile, ash, protein, and carbohydrate
content of water-soluble flour were significantly different
(p <0.05) from SPI. Ash as water-soluble component was solved
during extraction which then resulted in water-soluble flour
with high ash cqffent. The fat content of the SPI was like SF,
but both values were significantly lower (p < 0.05) compared
to those of STF and GTF.

The low protein content of water-soluble flour affected the
physical functionality of the flour. Maillard reaction can be
initiated by the availability of carbohydrate and protein in alkali
condition (Astawan etal,, 1994a, b), therefore, high carbohydrate
content may result in flour with darker color and lower protein
digestibility. Extraction need to be optimized to increase protein
content and reduce carbohydrate content of water-soluble flour.

Table 1. Chemical composition of water-soluble flour and soy protein isolate’.

Sample Moisture (%) F{ %) Protein (%) Fat (%) Carbohydrate( %)
(dry wt.) (dry wt.) (dry wt.) (drywt.)
SF* 7+ 20 18 £ 0¢ 50+ 1° 0+ 32+ 0°
SPT* 5+ 6+ 0 84+ 1° 0+ 10+1*
5TF 8+ 0" 15+0° 47+ (¢ 8+ (F 31 +0F
9+ 0° 14 +0° 51400 7 +0° 28+ (°

47 8

'Different letters indicate significant differences among samples within the same column (p < 0.05). Data are means + standard deviation. *Water-soluble flour of Soy. *Soy Protein
Isolate (commercial). ‘Water-soluble flour of Soy Tempe. *Water soluble flour of Germinated-soy Tempe.
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3.2 Molecular weight of protein

The electrophoresis patterns are shown in Figure 1.
In Figure 1a, the presence of high molecular weight bands is
the distinguishing characteristics of non-fermented samples
(lane A and B). The fermentation during tempe preparation
results in partially hydrolyzed proteins (Bavia et al., 2012). Thus,
higher molecular weight polypeptides of STF and GTF (lane
C and D) are suggested to be hydrolyzed into lower molecular
weight polypeptides as shown in Figure 1b (lane C and D).

3.3 Trypsin inhibitor activity

Trypsin inhibitors are antinutrient compounds that interfere
with the activity of trypsin. The presence of trypsin inhibitors
was shown in Figure 2.

Figure 2 shows lower trypsin activity in SPI, compared to
water-soluble flours. Thermal treatment was expected as contributor
to the reduction of trypsin inhibitor activity. R etal. (2008)
reported that thermal process correlated with the reduction of
trypsin inhibitor activity.

The high trypsin activity indicated low or no trypsin
inhibitor. Several treatments in tempe processing resulted in

i
W e e

T T e i — —
e —
25—
20 S
e
a b

Figure 1. Glycine- 'AGE (a) and Tricine-SDS-PAGE (b) of soy
proteinisolate (B) and water-soluble flour from soy (A), soy tempe (C),
and germinated-soy tempe (D). The lane M is molecular weight markers.

_ be ab c ¢
£ 100 - a
Z 80 -
z 60
2 w0
£ 200 -
= - T T T T |
3 Control SF SPI STF GTF
(no inhibitor)
Figure 2. activity of trypsin with a presence of soy protein isolate

(SPI) and water-soluble flour soy (SF), soy tempe (STF), and
germinated-soy tempe (GTF). Different letters indicate significant
differences (P < 0.05).
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STF and GTF with no trypsin inhibitor. Egounlety & Aworh
(2003) explained that soaking, dehulling and thermal treatment
during tempe processing reduced trypsin inhibitors. About 80%
of trypsin inhibitor activity from soybean was reduced after
tempe processing (Bavia et al. 2012).

3.4 Phytic acid

Phytic@l reduces the bioavailability of protein and minerals.
Therefore, the presence of phytic acid in soy-based products is
undesirable. Figure 3 provides phytic acid contents of SPI and
water-sol flour. The result showed that phytic acid contents
among all samples were significantly dm:ent (p<0.05) to each
other. The phytic acid content of SF was significantly higher
(p <0.05) than others, while that of GTF was significantly lower
(p < 0.05) than others. A reduction of the phytic acid content
during the germination has been reported. Rusydi & Azrina
(2012) explained that endogenous phytase activity and the
leaching out process during soaking could be the reason of the
phytic acid reduction during germination.

The fermentation processalso had significant contribution
to the reduction of ic acid contents. Water-soluble flour
from fermented soy (STF and GTF) showed significantly lower
(p < 0.05) phytic acid content to a water-soluble flour from
unfermented soy (SF). In accordance with our result, Haron
& Raob (2014) reported that tempe processing significantly
reduced phytic acid contained in soybean.

3.5 Antioxidant activity

Food ingredient with antioxidant activity is suggested to
have beneficial effect on health and preservation impact on
system. Figure 4 shows that the DPPH scavenging activities were
significantly different (p < 0.05) among all groups. The SPI showed
the lowest antiradical @ivity compared to the water-soluble
flours. Meanwhile, the STF and GTF had significantly greater
(p < 0.05) antioxidant activity than the SE During the fermentation
of tempe, bioactive peptides were produced (Gibbs et al.,
2004). Moreover, according to Chang et al. (2009), tempe had
higher antioxidant activity than unfermented soybeans due to
isoflavones-derived compound and hydrolyzed peptides produced
during fermentation. Production of hydrolyzed peptides in

and GTF was also shown in this study as evidenced in the

S-PAGE profiles (Figure 1).

_ 10 d

g ¢

=z a
= SF SP1 STF GTF

Figure 3. The concentration of phytic acid in soy protein isolate
(SPI) and water-soluble flours soy (SF), soy tempe (STF), and
germinated-soy tempe (GTF). Different letters indicate significant
differences (p < 0.05).
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it (a1 %] ey
o o o o
L 1 L )

Antiradical activity
on DPPH (%)

d
c
b
a

0 T

SF SPI STF GTF

re 4. DPPH scavenging activity of soy protein isolate (SPI) and

water-soluble from soy (SF), soy tempe (STF), and germinated-soy
tempe (GTF). Ditferentletters indicate significant differences (p < 0.05).

Among watermuble flours, the GTF had the highest
antiradical activity. This result agrees with that of Astawan etal
(2016b) who found that tempe flour based on germinated
soybeans had greater antioxidant activity than tempe flour
based on soybeans due to phenolic compounds and vitamin
E improvement. Fernandez-Orozco et al. (2008) also found
that germinated soybeans had greater antioxidant activity than
non-germinated ones due to bioactivEpmpounds produced
during the germination. Germination enhanced the content of
ascorbic acid, phenolic compounds, and isoflavones, which were
responsifiy for improving the antioxidant capacity of soybeans
(Huang et al. 2014).

3.6 Foaming capacity and stability

The foamability of protein is an ability of the protein to
trap gas by forming a thin liquid filffF oamability is becoming
important for several food systems such as ice cream, cake, and
confectionery products. To provide good foaming properties,
ptcms must be capable of diffusing in an air-water interface.

oaming properties are usually described by a foaming capacity
and a foam stabilff§. The foaming capacity (FC) expresses volume
of formed foam after homogenization, while the foam stability
(FS) expresses volume of remained foam after a specific time.

The FCand FS of samples are indicated in Table 2, respectively.
As expected (Kaur & Singh, 2007; Eltayeb et al, 2011), the protein
concentration had a correlation yffh foam properties. The SPI,
which is high in protein, showed significantly higher (p < 0.05)

FC and FS compared to water-soluble flours.

The fermentation had a positive effect on foam formation.
The STF and GTF with hydrolyzed protein performed significantly
higher (p < 0.05) FC than SE Molina Ortiz & Wagner (2002)
explained that protein with low molecular size was easily
migrated and remained in air-water interface, similar with the
current results. However, there is no impact of fermentation
on the stability of a foam. The FS of STF and GTF were not
significantly different with SE Previous reports showed that
the high FC did not always result in high FS, and vice versa.
Jitngarmkusol et al. (2008) explained that big bubble with less
flexible surface protein could easily collapse. High surface
hydrophobicity is needed to allow the formation of stable foam
(Molina Ortiz & Wagner, 2002). Moreover, lipid might disturb
the stability of the film which is formed by proteins (Kinsella,

Food Sci. Technol, Campinas, 38(Suppl. 1): 147-153, Dec. 2018

Table 2. Foaming properties of water-soluble flour and soy protein isolate’.

i
L Emulsion
Sample Foam Foam Er::tl;l‘?ng Stability
PI€ Capacity (%) Stability (%) B (m}} | Index
8 (min)
SF* 26 + 3¢ 80+ 1° 27 £ 1° 103 £ 3¢
SPT* 14+1 43 + 3 21+ 0 30+ 2
STF* 19+1° 44 + 2 24 £ 0P 59 + 4°
GTF* 20+ 1° 45 + 2 24 £ 0P 62 +2°

‘Different letters indicate significant differences among samples within the same column
(p < 0.05). Data are means + standard deviation. *Water-soluble flour of Soy. ‘Soy
Protein Isolate (commercial). ‘Water-soluble flour of Soy Tempe. *Water-soluble flour
of Germinated -soy Tempe.

1979). Therefore, defatting process is important for the foam
properties. These results suggest that the STF and GTF had a
chance to be developed as food ingredient for food system that
requires foaming properties.

3.7 Activity and stability of emulsion

High activity and stability emulsion isrequired for water-oil
food system. [1fgRis study, the emulsion properties were
described by the emulsifying activity index (EAT) mulsion
stability index (ESI) in Table 2. The SPI showed significantly
higher EAT and ESI compared to water-soluble flours. High
concentration of protein supports the reduction of surface
tension (ﬁnsella, 1979).

The STF and GTF showed significantly higher (p < 0.05)
EAT and ESI than SE. The result revealed that the fermentation
during the tempe processing im:ovcd emulsion properties.
A similar result in fermented peanut flour was reported by
Yu et al. (2007). They stated that the protein degradation by
proteases improved the solubility of proteins and resulted in
the exposure of hydrophobic groups. There is no significant
difference between STF and GTE, suggesting no effects of
germination of soybeans on the emulsion properties. Overall,
the STF and GTF might be developed for water-oil food system
such as salad dressing and sausage.

3.8 Protein digestibility (in vitro)

The protein digestibility of watdfZJluble flours and the SPI
is shown in Figure 5. According to Sarwar Gilani et al. (2012),
the protein digestibility is correlated with the amount of trypsin
inhibitors and phytic acid in the sample the structure of the
proteins. In the current study, trypsin inhibitor may have low
impacts on protein digestibility, since trypsin inhibitor activity
in SPI and all water-soluble flours are low (Figure 2).

However, current results have proved that phytic acid
and the hydrolyzed form of protein influenced the profile of
protein digestibility. Sample with higher phytic acid content
showed lower protein digestibility. Partial hydrolysis during
tempe preparation might provide peptides which were more
accessible to digestive enzymes. Based on the SDS-PAGE profile,
the STF and GTF contained hydrolyzed peptides with lower
molecular weight compared to SF and SPL
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40 b

a
C
30 d
10
0 T T 1
F GTF

SF SPI ST

Protein
Digestibility
(o)
=

Figure 5.9 vitro protein digestibility of soy protein isolate (SPI) and
water-soluble from soy (SF), soy tempe (STF), and germinated-soy
tempe (GTF). Ditferentlettersindicate significant differences (p < 0.05).

4 Conclusion

Overall, the water-soluble tempe flours showed better functional
characteristics and nutritional value than the water-soluble
soybean flour. Fermentation during tempe processing resulted in
water-soluble flours with smaller protein size, higher antioxidant
activity, and lower phytic acid content than the soybean based
flour. Water-soluble flour had lower functional properties than
soy protein isolate due to low protein content. A significant
correlation of fermentation to foaming and emulsion properties
was observed. The STF and GTF had a potential to use as food
ingredient for food system that requires foaming and emulsion
properties. However, optimization of the extraction process is
needed to improve the protein content.

Acknowledgements

Theauthors gratefully ackno
was held in Hokkaido University, aking the laboratories
available for this research work, and to Lembaga Pengel ana
Pendidikan (LPDP), Ministry of Finance, Indones@g) The authors
are also grateful for financial support from the Directorate of
Research and Community Service, the Directorate General for
Research and Development, Ministry of Research, Technology,
and Higher Education, Republic of Indonesia, through “Hibah

mpetensi” and “Penelitian Unggulan Perguruan Tinggi”
scheme under the name of Made Astawan.

e PARE Program, which

References

Abdel-aal, E. M. (2008). Effects of baking on protein digestibility of
organic spelt products determined by two in vitro digestion methods.
LWT,41(7),1282-1288. htq:v:."."dx.doi.org" 10.1016/j.lwt.2007.07.018.

Association of Official Analytical Chemistry - AOAC. (2012). Official
methods of analysis. New York: Marcel Decker.

Astawan, M., & Hazmi, K. (2016). Karakteristik fisikokimia tepung
kecambah kedelai. Pangan, 25(2), 105-112.

Astawan, M., Hermanianto, J., Suliantari & Sugiyanto, G. 5. P. (2016a).
Application of vacuum packaging to extend the shelf life of fresh-
seasoned tempe. International Food Research Journal, 23(6), 2571-2580.

Astawan, M., Wresdiyati, T., & Ichsan, M. (2016b). Karakteristik fitokimia
tepung tempe kecambah kedelai. Jurnal Gizi Pangan, 11(1), 35-42.

Astawan, M., Wahyuni, M., Yamada, K., Tadokoro, T., & Maekawa,
A. (1994a). Changes in protein-nutritional quality of Indonesian

152

dried-salted fish after storage. Journal of the Science of Food and
Agriculture, 66(2), 155-161. http://dx.doi.org/10.1002/jsfa.2740660208.

Astawan, M., Wahyuni, M., Yamada, K., Tadokoro, T, & Maekawa, A.
(1994b). Effect of high salt content of Indonesian dried-salted fish
on rats. Journal of Agricultural and Food Chemistry, 42(10), 2265-
2269, http://dx.doi.org/10.1021/{f000462034.

Astawan, M., Wresdiyati, T., & Saragih, A. M. (2015). Evaluasi mutu
protein tepung tempe dan tepung kedelai rebus pada tikus percobaan.
Jurnal Mutu Pangan, 2(1), 11-17.

Astuti, M., Meliala, A., Dalais, E. S., & Wahlqvist, M. L. (2000). Tempe,
a nutritious and healthy food from Indonesia. Asia Pacific Journal of
Clinical Nutrition, 9(4), 322-325. http://dx.doi.org/10.1046/§.1440-
6047.2000.00176.x. PMid:24394511.

Barreira, J. C. M., Ferreira, I. C. E R., Oliveira, M. B. P. P, & Pereira,
J. A. (2008). Antioxidant activities of the extracts from chestnut
flower, leaf, skins and fruit. Food Chemistry, 107(3), 1106-1113.
http://dx.doi.org/10.1016/jfoodchem.2007.09.030.

Bavia, A. C. F, Silva, C. E., Ferreira, M. P, Leite, R. S., Mandarino,
J. M. G., & Carrao-Panizzi, M. C. (2012). Chemical composition
of tempeh from soybean cultivars specially developed for human
consumption. Food Science and Technology (Campinas), 32(3),
613-620. http:."."d)cdoi.org"lﬂ.l590."50101—20612012005000085.

Chang, C., Hsu, C,, Chou, S., Chen, Y., Huang, F, & Chung, Y. (2009).
Effect of fermentation time on the antioxidant activities of tempeh
prepared from fermented soybean using Rhizopus oligosporus.
International Journal of Food Science ¢ Technology, 44(4), 799-806.
http://dx.doi.org/10.1111/j.1365-2621.2009.01907.x.

Egounlety, M., & Aworh, O. C. (2003). Effects of soaking, dehulling,
cooking and fermentation with Rhizopus oligosporus on the
oligosaccharides, trypsin inhibitor, phytic acid and tannins of
soybean (Glycine max Merr.), cowpea ( Vigna unguiculata L.Walp.)
and groundbean (Macrotyloma geocarpa Harms). Journal of Food
Engineering, 5(2-3), 249-254. http://dx.doi.org/10.1016/S0260-
8774(02)00262-5.

Eltayeb, A. R. 5. M,, Ali, A. O, Abou-arab, A. A, & Abu-salem, E M.
(2011). Chemical composition and functional properties of flour
and protein isolate extracted from Bambara groundnut (Vigna
subterranean). African Journal of Food Science, 5(2), 82-90.

Fernandez-Orozco, R., Frias, ]., Zielinski, H., Piskula, M. K., Kozlowska,
H., & Vidal-Valverde, C. (2008). Kinetic study of the antioxidant
compounds and antioxidant capacity during germination of Vigna
radiata cv. emmerald, Glycine max cv. jutro and Glycine max cv.
merit. Food Chemistry, 111(3), 622-630. http://dx.doi.org/10.1016/j.
foodchem.2008.04.028.

Gibbs, B. E, Zougman, A., Masse, R., & Mulligan, C. (2004). Production
and characterization of bioactive peptides from soy hydrolysate and
soy-fermented food. Food Research International, 37(2), 123-131.
http://dx.doi.org/10.1016/j foodres.2003.09.010.

Haron, H., & Raob, N. (2014). Nutrition and food changes in macronutrient,
total phenolic and anti-nutrient contents during preparation of
tempeh. Journal of Nutrition ¢ Food Sciences, 4(2), 1-5.

Huang, X., Cai, W,, & Xu, B. (2014). Kinetic changes of nutrients and
antioxidant capacities of germinated soybean (Glycine max L.) and
mung bean (Vigna radiata L.) with germination time. Food Chemistry,
143, 268-276. http://dx.doi.org/10.1016/j.foodchem.2013.07.080.
PMid:24054239.

Hummel, B. C. W. (1959). A modified spectrophotometric determination
of chymotrypsin, trypsin, and thrombin. Canadian Journal of
Biochemistry and Physiology, 37(12), 1393-1399. http://dx.doi.
org/10.1139/059-157. PMid:14405350.

Food Sci. Technol, Campinas, 38 (Suppl. 1): 147-153, Dec. 2018




Puteri et al.

Jitngarmkusol, S., Hongsuwankul, J., & Tananuwong, K. (2008). Chemical
compositions, functional properties, and microstructure of defatted
macadamia flours. Food Chemistry, 110(1), 23-30. http://dx.doi.
org/10.101 ﬁfj.foodchem.z{)ﬂ&ﬂ 1.050. PMid:26050161.

Kaur, M., & Singh, N.(2007). Characterization of proteinisolates from
different Indian chickpea (Cicer arietinum L.) cultivars. Food Chemistry,
102(1), 366-374. htq::."."dx.doi.org" 10.10 lS."j.foodchem.ZﬂOﬁ.OS.ﬂZ9.

Kinsella, J. E. (1979). Functional properties of soy proteins. Journal of
the American Qil Chemists’ Society, 56(3), 242-258. http://dx.doi.
org/10.1007/BF02671468.

Klompong, V., Benjakul, S., Kantachote, D., & Shahidi, E. (2007).
Antioxidative activity and functional properties of protein hydrolysate
of yellow stripe trevally (Selaroides leptolepis) as influenced by the
degree of hydrolysis and enzyme type. Food Chemistry, 102(4),
1317-1327. http://dx.doi.org/10.1016/j.foodchem.2006.07.016.

Laemmli, U. K. (1970). Cleavage of structural proteins during assembly
of the head of bacteriophage T4. Nature, 227(5259), 680-685. http://
dx.doi.org/10.1038/227680a0. PMid:5432063.

Lai, L. R., Hsieh, S., Huang, H., & Chou, C. (2013). Effect of lactic
fermentation on the total phenolic, saponin and phytic acid contents
as well as anti-colon cancer cell proliferation activity of soymilk.
Journal of Bioscience and Bioengineering, 115(5), 552-556. http://
dx.doi.org/10.1016/jjbiosc.2012.11.022. PMid:23290992.

Mohd Yusof, H., Ali, N. M., Yeap,S. K, Ho, W. Y., Beh, B.K., Koh, S. P,
Long, K., Abdul Aziz, S., & Alitheen, N. B. (2013). Hepatoprotective
effect of fermented soybean (Nutrient enriched soybean tempeh)
against alcohol-induced liver damage in mice. Evidence-Based
Complementary and Alternative Medicine, 2013, 1-8. http://dx.doi.
org/10.1155/2013/274274. PMid:24058369.

Molina Ortiz, S. E., & Wagner, J. R. (2002). Hydrolysates of native and
modified soy protein isolates : structural characteristics, solubility
and foaming properties. Food Research International, 35(6),511-518.
http//dx.doi.org/10.1016/S0963-9969(01)00149-1.

Nout, M. J. R., & Kiers, ]. L. (2005). Tempe fermentation, innovation
and functionality: update into the third millenium. Journal of Applied
Microbiology, 98(4), 789-805. http://dx.doiorg/10.1111/j.1365-
2672.2004.02471.x. PMid:15752324.

Omosebi, M. O, &Otunola, E. T. (2013). Preliminary studies on tempeh
flour produced from three different rhizopus species. International
Journal of Biotechnology and Food Science, 1(5), 90-96.

Radha, C., Ramesh Kumar, P., & Prakash, V. (2008). Enzymatic
modification as a tool to improve the functional properties of heat-
processed soy flour. Journal of the Science of Food and Agriculture,
88(2), 336-343. http://dx.doi.org/10.1002/jsta.3094.

Rusydi, M. R. M., & Azrina, A. (2012). Effect of germination on total
phenolic, tannin and phytic acid contents in soy bean and peanut.
International Food Research Journal, 19(2), 673-677.

Food Sci. Technol, Campinas, 38(Suppl. 1): 147-153, Dec. 2018

Sarwar Gilani, G., Wu Xiao, C., & Cockell, K. A. (2012). Impact of
antinutritional factors in food proteins on the digestibility of
protein and bioavailability ofamino acids on protein quality. British
Journal of Nutrition, 108(2), 315-332. hitp://dx.doi.org/10.1017/
S0007114512002371.

Schigger, H. (2006). Tricine-SDS-PAGE. Nature Protocols, 1(1), 16-22.
http://dx.doi.org/10.1038/nprot.2006.4. PMid:17406207.

Shi, H., Nam, P. K., & Ma, Y. (2010). Comprehensive profiling of
isoflavones, phytosterols, tocopherols, minerals, crude protein, lipid,
and sugar during soybean (Glycine max) germination. Journal of
Agricultural and Food Chemistry, 58(8), 4970-4976. http://dx.doi.
0rg."10.1021."jf100335j. PMid:20349962.

Soares, L. L., Lucas, A. M. M., & Boaventura, G. T. (2005). Can organic
and transgenic soy be used as a substitute for animal protein by
rats? Brazilian Journal of Medical and Biological Research, 38(4),
583-586. http:.-’.-’dxdoi.org."l{].1590."30100—8?9}(2005000400012.
PMid:15962184.

Soka, S., Suwanto, A., Sajuthi, D., & Rusmana, L. (2014). Impact of tempeh
supplementation on gut microbiota composition in Sprague-Dawley
rats. Research Journal of Microbiology, 9(4), 189-198. http://dx.doi.
org/10.3923/jm.2014.189.198.

Wilson, 5., Blaschek, K., & Mejia, E. G. (2005). Allergenic proteins in
soybean : Processing and reduction of P34 allergenicity. Nutrition
Reviews, 63(2), 47-58. http://dx.doi.org/10.1111/j.1753-4887.2005.
tb00121.x. PMid:15762088.

Yin, S., Tang, C,, Cao, ], Hu, E., Wen, Q.-B., & Yang, X.-Q. (2008).
Effects of limited enzymatic hydrolysis with trypsin on the
functional properties of hemp (Cannabis sativa L.) protein isolate.
Food Chemistry, 106(3), 1004-1013. http://dx.doi.org/10.1016/j.
foodchem.2007.07.030.

Yu, ], Ahmedna, M., & Goktepe, . (2007). Peanut protein concentrate :
Production and functional properties as affected by processing.
Food Chemistry, 103(1), 121-129. http://dx.doiorg/10.1016/j.
foodchem.2006.08.012.

Zayas, . F. (2012). Functionality of proteins in food. New York: Springer.

Zhan, S., & Ho, S. C. (2005). Meta-analysis of the effects of soy protein
containing isoflavones on the lipid profile 1 - 3. The American Journal
of Clinical Nutrition, 81(2), 397-408. http://dx.doi.org/10.1093/
ajcn.81.2.397. PMid:15699227.

Zielinski, H. (2003). Contribution of low molecular weight antioxidants
to the antioxidant screen of germinated soybean seeds. Plant Foods
for Human Nutrition (Dordrecht, Netherlands), 58(3), 1-20. http://
dx.doi.org/10.1023/B:QUAL.0000041165.28475.8f.

153




Characterization of biochemical and functional properties of
water-soluble tempe flour

ORIGINALITY REPORT

29. 23. 22, 5,

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

jurnalpangan.com 30/
(0]

Internet Source

.

journal.ipb.ac.id
J P 1 o,

Internet Source

E)

link.springer.com 1 o
(0)

Internet Source

e

Submitted to Oregon State University 1 o
(0]

Student Paper

=

www.hindawi.com 1 o
0

Internet Source

£l

www.mdpi.com 1 Y
(0]

Internet Source

B B

libmast.utm.my 1 0
(0]

Internet Source

www.scielo.br 1
%

Internet Source

es.scribd.com



Internet Source

1o

RN
(@)

repositorio.furg.br

Internet Source

1o

—
—

www.jmbfs.org

Internet Source

1o

-
N

ecommons.usask.ca

Internet Source

1o

elibrary.trf.or.th
Internet So{rce <1 %
Surangna Jain, Anil Kumar Anal. "Optimization 1
. . . <I1%
of extraction of functional protein hydrolysates
from chicken egg shell membrane (ESM) by
ultrasonic assisted extraction (UAE) and
enzymatic hydrolysis", LWT - Food Science and
Technology, 2016
Publication
aquaticcommons.or
Int(jrnet Source g <1 %
Submitted to Universitas Negeri Surabaya The <1 o
State University of Surabaya °
Student Paper
Azis Boing Sitanggang, Julius Sumitra, Slamet <1 o,

Budijanto. "Continuous production of tempe-
based bioactive peptides using an automated



enzymatic membrane reactor”, Innovative Food
Science & Emerging Technologies, 2021

Publication

E. Garcia-Armenta, D.l. Téllez-Medina, L. <1 o
Sanchez-Segura, L. Alamilla-Beltran et al. °
"Multifractal breakage pattern of tortilla chips as
related to moisture content”, Journal of Food
Engineering, 2016
Publication

Tang, Chuan-He, Zi Ten, Xian-Sheng Wang, <1 o
and Xiao-Quan Yang. "Physicochemical and °
Functional Properties of Hemp (Cannabis sativa
L.) Protein Isolate", Journal of Agricultural and
Food Chemistry, 2006.

Publication

Supmlttgd to Jawaharlal Nehru Technological <1 o
University
Student Paper
Takahara, H.. "Infection of the Japanese 1

. ; <%
common squid, Todarodes pacificus
(Cephalopoda: Ommastrephidae) by larval
anisakid nematodes", Fisheries Research,

201011
Publication
Xxgégginaccess.hacettepe.edu.tr:8080 <1 o

Submitted to University of Reading



Student Paper

<1+
www.freepatentsonline.com
Internet Sourcep <1 %
Jozinovi¢, Antun, Drago Subari¢, Purdica Aékar, <1 y
Jurislav Babi¢, and Borislav Mili¢evié. "Influence °
of spelt flour addition on properties of extruded
products based on corn grits", Journal of Food
Engineering, 2016.
Publication
Submitted to University of Liverpool
Student Paper y p <1 %
Uruakpa, F.O.. "Emulsifying characteristics of <1 o
commercial canola protein-hydrocolloid °
systems", Food Research International, 200507
Publication
Www.nrcresearchpress.com
Internet Source p <1 %
Submitted to Institute of Graduate Studies, UiTM <1 .
Student Paper /0
Molina Ortiz, S.E.. "Hydrolysates of native and <1 o

modified soy protein isolates: structural
characteristics, solubility and foaming
properties”, Food Research International, 2002

Publication




Yanting Shen, Xiao Tang, Yonghui Li. "Drying <1 o
methods affect physicochemical and functional °
properties of quinoa protein isolate", Food
Chemistry, 2021
Publication
ddd.uab.cat

Internet Source <1 %
hdl.handle.net

Internet Source <1 %

Yongliang Zhuang. "The scavenging of free <1 o
radical and oxygen species activities and °
hydration capacity of collagen hydrolysates from
walleye pollock (Theragra chalcogramma) skin",

Journal of Ocean University of China, 06/2009
Publication
chimie-biologie.ubm.ro

Internet Source g <1 %
ir.dut.ac.za

Internet Source <1 %
mdpi.com

Interngt Source <1 %
vjs.ac.vn

In{ernet Source <1 %
worldwidescience.or

Internet Source g <1 %




Cheruppanpullil Radha, Parigi Ramesh Kumar, <1 y
Vishweshwaraiah Prakash. "Enzymatic °
modification as a tool to improve the functional
properties of heat-processed soy flour", Journal
of the Science of Food and Agriculture, 2008

Publication

Kathryn J Steadman, Monica S Burgoon, Betty <1 o
A Lewis, Steven E Edwardson, Ralph L °
Obendorf. "Minerals, phytic acid, tannin and
rutin in buckwheat seed milling fractions",

Journal of the Science of Food and Agriculture,

2001
Publication

Sophie Gallier, Keith C. Gordon, Harjinder <1 y
Singh. "Chemical and structural characterisation °
of almond oil bodies and bovine milk fat
globules", Food Chemistry, 2012
Publication
core.ac.uk

Internet Source <1 %
essay.utwente.nl

Internet)S/ource <1 %
ifst.pericles-prod.literatumonline.com

Internchource p <1 %
kb.psu.ac.th

Interngt Source <1 %




library.wur.nl
Internet g/ource <1 %
s3.amazonaws.com
48 Internet Source < 1 %
Adiamo, Oladipupo Q., Olasunkanmi S. <1 y
Gbadamosi, and Sumbo H. Abiose. "Functional °
Properties and Protein Digestibility of Protein
Concentrates and Isolates Produced from
Kariya (H ildergadia bateri ) Seed : Functional
Properties of Kariya Protein", Journal of Food
Processing and Preservation, 2016.
Publication
Fan Wu, Xiaojie Shi, Henan Zou, Tingyu Zhang, <1 Y
Xinran Dong, Rui Zhu, Cuiping Yu. "Effects of °
high-pressure homogenization on
physicochemical, rheological and emulsifying
properties of myofibrillar protein”, Journal of
Food Engineering, 2019
Publication
K. Fujiwara, Y. Miyaguchi, X. H. Feng, A. <1 o,

Toyoda, Y. Nakamura, M. Yamazaki, K.
Nakashima, H. Abe. "Effect of Fermented
Soybean, “Natto” on the Production and
Qualities of Chicken Meat", Asian-Australasian
Journal of Animal Sciences, 2008

Publication




52

Klomklao, S.. "Purification and characterisation
of trypsins from the spleen of skipjack tuna
(Katsuwonus pelamis)”, Food Chemistry, 2007

Publication

<1%

Klompong, V.. "Antioxidative activity and
functional properties of protein hydrolysate of
yellow stripe trevally (Selaroides leptolepis) as
influenced by the degree of hydrolysis and
enzyme type", Food Chemistry, 2007

Publication

<1%

M Astawan, T Wresdiyati, Subarna, Rokaesih, R
M Yoshari. "Functional properties of tempe
protein isolates derived from germinated and
non-germinated soybeans", IOP Conference
Series: Earth and Environmental Science, 2020

Publication

<1%

Olaposi R. Adeleke, Oladipupo Q. Adiamo,
Olumide S. Fawale. " Nutritional,
physicochemical, and functional properties of
protein concentrate and isolate of newly-
developed Bambara groundnut ( L.) cultivars ",
Food Science & Nutrition, 2018

Publication

<1%

56

bmcbiotechnol.biomedcentral.com

Internet Source

<1%

ARNOLD C. M. WU. "EFFECT OF
FLUCTUATING TEMPERATURE TREATMENT

<1%



ON MILK COAGULATION AND INACTIVATION
OF SOYBEAN TRYPSIN INHIBITOR", Journal
of Food Science, 11/1975

Publication

Barac, Miroljub B., Snezana T. Jovanovic,
Sladjana P. Stanojevic, and Mirjana B. Pesic.
"Effect of Limited Hydrolysis on Traditional Soy
Protein Concentrate", Sensors, 2006.

Publication

<1%

Jarine Amaral do EVANGELHO, Jose de J.
BERRIOS, Vania Zanella PINTO, Mariana Dias
ANTUNES et al. "Antioxidant activity of black
bean (Phaseolus vulgaris L.) protein

hydrolysates", Food Science and Technology,
2016

Publication

<1%

Linsberger-Martin, Gertrud, Karin Weiglhofer,
Thao Phan Thi Phuong, and Emmerich
Berghofer. "High hydrostatic pressure influences
antinutritional factors and in vitro protein
digestibility of split peas and whole white
beans", LWT - Food Science and Technology,
2013.

Publication

<1%

Liyan Chen, Ronald L., Praveen V., Li Li,
Weiqun Wang. "Chapter 8 Value - Added
Products from Soybean: Removal of Anti-

<1%



Nutritional Factors via Bioprocessing",
IntechOpen, 2013

Publication

Miki Hieda, Taro Tachibana, Fumihiko Yokoya, <1 o
Shingo Kose, Naoko Imamoto, Yoshihiro °
Yoneda. "A Monoclonal Antibody to the COOH-
terminal Acidic Portion of Ran Inhibits Both the
Recycling of Ran and Nuclear Protein Import in
Living Cells", The Journal of Cell Biology, 1999
Publication
Ogunwolu, S.0O.. "Functional properties of 1

| | <1
protein concentrates and isolates produced from
cashew (Anacardium occidentale L.) nut", Food
Chemistry, 20090801
Publication
Rukiye Gundogan, Asli Can Karaca. 1

. | | . <719
"Physicochemical and functional properties of
proteins isolated from local beans of Turkey",

LWT, 2020
Publication
Siwaporn Jithgarmkusol, Juthamas <1 o,

Hongsuwankul, Kanitha Tananuwong.
"Chemical compositions, functional properties,
and microstructure of defatted macadamia
flours", Food Chemistry, 2008

Publication

XINHONG DONG. "EFFECT OF HIGH-



PRESSURE HOMOGENIZATION ON THE

FUNCTIONAL PROPERTY OF PEANUT <1 %
PROTEIN : EFFECT OF HIGH-PRESSURE
HOMOGENIZATION", Journal of Food Process
Engineering, 12/2011
Publication
annalsmicrobiology.biomedcentral.com

Internet Source gy <1 %
eprints.nottingham.ac.uk

E Intre)rnet Source g <1 %
etheses.whiterose.ac.uk

E Internet Source <1 %
journals.lww.com

JInternet Source <1 %
lib.dr.iastate.edu

Internet Source <1 %
tel.archives-ouvertes.fr

Internet Source <1 %
www.combustion-institute.it

Internet Source <1 %
www.cromatografialiquida.com.br

Internet Source g q <1 %
www.ros.hw.ac.uk

Internet Source <1 %




76 x]\:(\a/r\:]\é\t/.stoaurrcmgfonllne.com <1 o

Jiage Ma, Xiuging Zhu, Lin Shi, Chunlei Ni, <1 o
Juncai Hou, Jianjun Cheng. " Enhancement of °
soluble protein, polypeptide production and
functional properties of heat-denatured soybean
meal by fermentation of 04093 ", CyTA - Journal
of Food, 2019
Publication

S. L. Stout. "Nitric Oxide-dependent Cilia <1 o
Regulatory Enzyme Localization in Bovine °
Bronchial Epithelial Cells", Journal of
Histochemistry and Cytochemistry, 01/22/2007
Publication

"Sustainable Agriculture Reviews 45", Springer <1 o
Science and Business Media LLC, 2020 °
Publication

E Alfonso Clemente, Javier Vioque, Ra €| <1 y
SO nchez-Vioque, Justo Pedroche, Juan °
Bautista, Francisco Mill€n. "Factors affecting
thein vitro protein digestibility of chickpea
albumins”, Journal of the Science of Food and
Agriculture, 2000
Publication

Arumugam Sathya, Perumal Siddhuraju. "Effect <1 o

of processing methods on compositional
evaluation of underutilized legume, Parkia



roxburghii G. Don (yongchak) seeds", Journal of
Food Science and Technology, 2015

Publication

Nurul Huda. "Functional properties of surimi <1
. . %
powder from three Malaysian marine fish",
International Journal of Food Science and
Technology, 4/2001

Publication

Turan, Deniz, Esra Capanoglu, and Filiz Altay. <1 y
"Investigating the effect of roasting on functional °
properties of defatted hazelnut flour by response

surface methodology (RSM)", LWT - Food

Science and Technology, 2015.

Publication

Ji-Young MIN, Sung-Il AHN, Yun-Kyung LEE,
Hae-Soo KWAK, Yoon Hyuk CHANG.
"Optimized conditions to produce water-in-oil-in-
water nanoemulsion and spray-dried
nanocapsule of red ginseng extract", Food
Science and Technology, 2018

Publication

<1%

Exclude quotes Off Exclude matches Off
Exclude bibliography Off



	Characterization of biochemical and functional properties of water-soluble tempe flour
	by Nafisah Eka Puteri

	Characterization of biochemical and functional properties of water-soluble tempe flour
	ORIGINALITY REPORT
	PRIMARY SOURCES


