
Journal of Applied Science and Engineering, Vol. 28, No 1, Page 205-213 205

Wheat Germ Protein Extraction Via Subcritical Water For Water
Treatment Process

Nor Shazwani Daud, Nordin Sabli, Hiroyuki Yoshida, and Shamsul Izhar∗

Department of Chemical and Environmental Engineering, Universiti Putra Malaysia, Serdang, Selangor 43400, Malaysia

∗Corresponding author. E-mail: shamizhar@upm.edu.my

Received: Aug. 29, 2023; Accepted: Feb. 04, 2024

The attractive characteristics of subcritical water (SubCW) lie in its ability to extract and hydrolyze bioactive
compounds from natural matrices. These properties allow water to act as an efficient solvent with a short
extraction time. This paper aims to study the effect of SubCW temperature on wheat germ protein extraction
for application in the coagulation of the water treatment process. Concerning coagulation performance, a
mass-to-water ratio and extraction time are other factors studied, besides the SubCW temperature. Wheat
germ (WG) is an excellent source of plant-based protein that is suitable as a biocoagulant for substituting the
widely used chemical coagulants. Experiments were conducted in a batch reactor at a SubCW temperature
between 100 and 170◦C with a solid-to-water ratio (s/w) of 0.5:25–2:25 and an extraction time of 5–30 min. The
extracts obtained after the SubCW process contained a distinctive amount of protein, which was then used
as a coagulant extract solution in the coagulation process. The highest total protein yield was 22.93 g/100
g-WG, obtained at 160◦C, which corresponds to protein extraction of 82.8%. The lowest turbidity, 48.9 NTU,
was achieved at 120◦C in SubCW extracts, which resulted in a 98.8% turbidity reduction. From the sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), it was observed that proteins with a molecular
weight less than 117 kDa exhibit superior coagulation activity. Consequently, wheat germ protein was efficiently
extracted by SubCW and can be used as a promising bio-coagulant alternative in waste treatment facilities.
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1. Introduction

Extraction is essential in scientific studies related to the
isolation and analysis of bioactive compounds from envi-
ronmental and biological systems. It has been an important
unit operation in the agricultural commodities, food, chem-
icals, biotechnological, environmental, and pharmaceuti-
cal industries. The use of substantial amounts of organic
solvent in both conventional and modern techniques for
extraction raises issues of safety, environmental concerns,
and cost effectiveness. Conventional extraction methods
like alkaline treatment result in high production costs as

the product yield depends mainly on the alkaline solution
[1]. For instance, in the study done by [1], three different
biomass brewers’ spent grain (BSG), pasture grass (PG),
and cyanobacteria (Arthrospira platensis; AP) were sus-
pended in 0.1 M NaOH and distilled water to achieve a pH
of more than 11. The mixture is then stirred for 2 hours
at 40◦C before being centrifuged for 20 minutes. In con-
trast, the use of Soxhlet extraction, maceration, and hydro-
distillation leads to time-consuming, poor selectivity, costly,
and decomposition risk of thermolabile compounds, as
some organic solvents may harm the environment as well
as human wellness [1]. Also, the analytes with different
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physical and chemical characteristics need to be consid-
ered to suit the extraction process. Recently, the extraction
of bioactive compounds using critical fluids has widely at-
tracted researchers due to its environmentally friendly char-
acteristics. Subcritical water (SubCW) is a cheap and user-
friendly green technology as it utilizes water as an extrac-
tion solvent. It has the ability to replace ethanol, methanol,
and acetone because water is readily available and non-
toxic [2]. The wide applications of SubCW were mainly
to produce pharmaceutical extracts from various types of
medicinal plants [3] and herbs such as Rosmarinus offici-
nalis (rosemary), Matricaria recutita (German chamomile),
Cassia angustifolia (senna), Valeriana officinalis (valerian),
Scutellaria baicalensis (Baikal skullcap), Schisandra chi-
nensis (Wuweizu), Zingiber officinale (ginger), Astragalus
Membranaceus, etc. The extracts produced by the plants
include volatile oil, tannins, polyphenols, anthraquinone,
and lactone, which were the active components that gave
positive effects against cardiovascular diseases, neurode-
generation, cancer, and skin aging, mainly due to their
antioxidant, anti-inflammatory, or anti-proliferative activi-
ties, as reported in different human trials [4].

Previous studies had shown that SubCW successfully
extracted protein from various plants, by-products, or even
waste from the food industry. A study conducted by [5]
successfully extracted 84.9± 13.2% of the total protein from
the green seaweed Ulva sp. The result was achieved at a
process temperature of 180◦C and 10.5 bar pressure dur-
ing 40 min of extraction time with an 8%w/w solid load.
This is a much higher protein recovery level as compared
to other methods reported for protein extraction from sea-
weeds. The present study explores the extraction of se-
lected proteins from wheat germs, which have an active
component that promotes coagulation in water treatment
via SubCW. Wheat germ is an excellent source of plant-
based protein that is suitable as a biocoagulant for sub-
stituting the widely used chemical coagulants for water
treatment purposes. They could be extracted from sustain-
able and low-cost plant-derived waste from agriculture and
byproducts of the food and crop industries. This led to a
reduction in food waste [6]. Previous works had applied re-
verse micelles, and a combination of both reverse micelles
for ultrasoundassisted extraction (UAE) only recorded 37%
and 57% of protein extraction from wheat germ, respec-
tively [7]. Deep Eutectic Solvent (DES) has already been
used as a co-solvent in extraction techniques such as UAE
[8], and the advantages of DES are its low cost, environ-
mental friendliness, and ease of synthesis [9, 10]. Although
DES has a similar advantage to SubCW, DES has a high
viscosity, which does not occur in SubCW. Thus, this paper

Fig. 1. The phase diagram of water under different
temperature and pressure

aims to study the effect of SubCW on wheat germ protein
extraction for the application in coagulation of the water
treatment process.

2. Theory and formula

At room temperature and atmospheric pressure, water has
a high polarity and dielectric constant due to its strong
hydrogen bonding structure. Hence, water could not ex-
tract non-polar or organic compounds. However, under
high temperature and pressure, the strong hydrogen bond
breaks, changing its properties. Fig. 1 shows the phase
diagram of water in different states under different temper-
atures and pressures [11].

The SubCW condition occurs at a temperature between
100 and 374◦C and a pressure between 0.101-22.064 MPa
[12]. At higher temperatures, the viscosity and surface
tension of water decreased steadily, but its diffusivity in-
creased. The supplied energy can disrupt the interactions
between solute-matrix (adhesive) and solute-solute (cohe-
sive) by lowering the activation energy required for the
desorption process [11]. Thus improving solubility and
effective mass transfer for the elution of strongly bound
compounds to cell walls [2]. In the meantime, the extrac-
tion process is assisted by the higher pressure that forces
the water to penetrate into the matrix (pores), which this
condition could not achieve under normal pressure [11].
Besides, the pressure is high enough to maintain the water
in a liquid state, and under subcritical conditions, the wa-
ter has distinctive properties such as a high ionic product(
H+ allows water to behave like an acid and OH− allows

water to behave as a base) and a low dielectric constant
(water behaves like an organic solvent) [13, 14].

The greater ionic product resulted in the promotion of
acid- and base-catalyzed reactions without using acid or
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Fig. 2. The tunable polarity of subcritical water due to
changes of dielectric constant result from temperature and

pressure adjustment.

alkali that contribute to the production of waste in hydrol-
ysis reactions [15]. Meanwhile, the extractive efficiency
characteristics of SubCW lie in its dielectric constant. As
the temperature rises to 250◦C, the dielectric constant of
water drops from 80 (at room temperature) to 25, which
falls between those of ethanol (ε = 24) and methanol (
ε = 33) (as organic solvents at 25◦C ). Fig. 2 shows the
tunable polarity of subcritical water due to changes in the
dielectric constant resulting from temperature and pressure
adjustments.

Under such circumstances, some properties of water are
comparable to those of organic solvents that can dissolve
various medium and low-polarity compounds. Thus, polar,
medium-polar, low-polar, and non-polar compounds can
be separated, respectively. A main advantage of SubCW
for natural products is that water is nontoxic; hence, it is
more suitable for the extraction of vegetables, fruits, and
herbs, where the extracts can be safely consumed by hu-
mans or animals. In addition, in the SubCW, the liquid
waste generated does not need waste disposal if no organic
modifiers are used [16]. Due to several beneficial char-
acteristics, SubCW technology has been used in a broad
range of applications, including waste reuse, recycling, and
treatment [14].

3. Experimental setup

The natural raw wheat germ was purchased from a lo-
cal company (LOHAS, Malaysia). The nutritional facts of
wheat germ are shown in Table 1.

The wheat germ was milled and sieved into powder

Table 1. Nutritional facts of raw wheat germ.

Parameter Nutritional Facts
(%)

Moisture 12.6 ± 0.19
Ash 3 ± 0.18
Crude fat 8.99 ± 0.32
Crude protein 27.69 ± 0.44
Crude fiber 1.5 ± 0.18
Carbohydrate 46.07

Food energy value
(kcal/100 g) 375.95

Fig. 3. The schematic diagram of the batch mode of
SubCW apparatus (Oil Bath).

form through a 0.44-mm sieve. The fraction with a parti-
cle size less than 0.4 mm was used in this study. It was
then mixed with water at a fixed solid-to-water (s/w) ra-
tio of 1.25 before being loaded into a standard stainless
steel batch reactor (Swagelok & Co.) with a 35-ml capacity,
approximately 16 mm in diameter, and 150 mm in length,
with Swagelok caps at both ends of the reactor. Argon gas
is used to release trapped air from the reactor before it is
tightly closed. The sample-filled tube was immersed in the
oil bath at a specific temperature and time. The experiment
was conducted in batch subCW mode.

The schematic diagram of the batch mode of the SubCW
apparatus is shown in Fig. 3. The oil bath (Thomas Kagaku
Co. Ltd.) was installed with a stirrer and temperature-
control unit in order for the reaction to be performed at
a temperature variation of 100◦C 180◦C and pressures of
0.101–1 MPa. The pressure within the reaction tube was
estimated from the steam table under subcritical conditions.
The time required to elevate to the operating temperature
was around 30 minutes.

The parameters being investigated were temperature
(100 − 180◦C) with a 10 -minute extraction time and a 1:25
solids to water ratio. Then the reactor tube was quenched



208 Nor Shazwani Daud et al.

in a cooling water basin to room temperature to terminate
the reaction. It took about 1-5 minutes for the reactor to
reach room temperature before the reaction products were
transferred to a 50 − mL centrifuge tube and centrifuged
(KUBOTA 2420, Japan) at 4000rpm for 10 minutes. There
are two layers formed resulting from the centrifugation: the
aqueous phase and the solid phase.The supernatant was
withdrawn and separated for total protein analysis before
being applied in the jar test as a coagulant solution. Total
protein content was determined using the Bradford assay
[17]. A 0.25-ml sample was mixed with 2.5 ml of Bradford
reagent. After 20 min, the sample was transferred into a
cuvette, and by using a UV spectrophotometer (UV-160A,
Shimadzu, Japan), the absorbance was measured at 595 nm.
The protein yield (%) from the SubCW process is calculated
as Eq. (1):

Total Protein in SubCW extract (g/100 g WG )

Protein in Raw Wheat germ (g/100 g WG )
× 100%

(1)
A coagulation process was conducted via jar test. 15 g of

kaolin was added to 1 L of tap water, and the suspensions
were stirred for 2 hours at 120rpm for a uniform dispersion
of kaolin particles in the water. It was then left without
mixing for 24 hours for complete particle hydration. A
fixed 20 mL of SubCW extracts at different temperatures
(100◦C, 120◦C, 140◦C , 160◦C, and 180◦C ) were added, re-
spectively, in a beaker that contained 100 mL of synthetic
turbid water.

The suspensions were mixed rapidly at 100 rpm for
2 min, followed by a slow mixing at 30 rpm for 20 min.
The agitation was switched off, and the suspension was
allowed to form flocs within 1 hour of sedimentation. All
the experiments were performed at the acidic pH (pH 4)
of the synthetic turbid water. The supernatant was taken
out for turbidity measurements. The coagulation perfor-
mance is assessed using the formula for percentage tubidity
reduction Eq. (2):

% Turbidity Reduction =
Ti − Tf

Ti
× 100 (2)

Where Ti is the initial turbidity of the sample before
coagulation and Tf is the final turbidity after coagula-
tion. Meanwhile, the molecular weight of the SubCW ex-
tracts was analyzed by standard sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) (12% poly-
acrylamide gel) on a vertical electrophoresis chamber (AE-
6500 Dual Mini Slab) (Ato Corporation, China). The elec-
trophoresis was conducted at a voltage of 75 volts for 15
minutes, increased to 120 volts, and ran for another 1 hour
and 10 minutes. After electrophoresis, the gel was stained

with Coomasie Brilliant Blue-R-250 0.01% (w/v) for 30 min-
utes and subsequently destained for another 30 minutes.
After the destaining process was completed, the gel was
stored in distilled water and transferred to a densitometer
for image scanning and analysis. A statistical analysis in
this study involved the use of SPSS software (version 20,
USA). All data were expressed as mean ± standard devia-
tion values. The correlation between factors of temperature,
solid-to-water ratio, extraction time, and protein yield was
analyzed using Pearson’s correlation analysis in the SPSS
software, with correlation coefficients at a significance level
of 0.01 [18, 19].

4. Results and discussion

Fig. 4 shows the appearance of wheat germ extracts at
different SubCW temperatures. The wheat germ, after un-
derwent the SubCW process, generated products with a
liquid phase and a water-insoluble solid phase. The liquid
phase is considered in this study as an extract that contains
a significant amount of protein, which can be used as a co-
agulant in the water treatment. At 100◦C, the liquid phase
(extracts) appears clear until it reaches 130 ◦C. Then the
liquid appearance starts to become turbid at 140 ◦C, which
shows the denaturation of proteins. The denaturation of
protein phenomena can be seen in Fig. 4, as the liquid phase
in the extracts turns from clear to opaque. The change in
color is due to the increased amount of hydrolysis and de-
composition of products, which gradually resulted from
denaturation at high temperatures [14]. A common con-
sequence of denaturation is loss of biological activity (e.g.,
loss of the catalytic ability of an enzyme [20], which will
affect the coagulation performance as denaturing could
affect protein functional properties [1].

The total protein extracted at different SubCW tempera-
ture extracts is shown in Fig. 5.

As shown in Fig. 5, at 100◦C and 120◦C extracts, the
total protein was low at around 19 g/100 g-WG. However,
when the SubCW temperature increased above 130◦C, the
total protein in the extracts increased to a maximum of
22.93 g/100 g − WG at 160◦C. The figure indicates the
positive correlation between increasing temperature and
the yield of protein from wheat germ. The highest pro-
tein yield occurred at 10 minutes of extraction time and
a 1:25 solid-to-water ratio, corresponding to 82.8% of the
protein extracted from the crude wheat germ protein com-
position of 27.69 g/100 g-WG in the proximate analysis.
The excellent correlation between protein yield and SubCW
temperature results could be due to the enhanced solubil-
ity of proteins at high temperatures [21]. At 160◦C, the
dielectric constant (ε) of water drops to 45 , which lies be-
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Fig. 4. Extracts from SubCW treatment of wheat germ at
different temperatures after centrifuged.

Fig. 5. The total protein obtained in the SubCW extracts,
expressed as g protein/100 g-WG

tween those of dimethyl sulfoxide (ε = 47) and acetonitrile
(ε = 37.5). This condition allows the properties of water
to act like an organic solvent, which can dissolve various
mediums such as proteins [11]. In addition to that, at high
temperatures, the extraction efficiency improved since the
solvent viscosity and surface tension decreased. This could
allow the heat energy to accelerate desorption of the tar-
get compound (protein) from their complexes and allow
better pore filling and good contact between the solvent
and matrix active site. The sequential steps for the extrac-
tion process in SubCW are as follows: (1) entry of fluid; (2)
desorption of solutes from the matrix active site; (3) solute
diffusion through organic materials (wheat germ); (4) so-
lute diffusion through static fluid in porous material; (5)
solute diffusion through the stagnant fluid layer; and (6)

Fig. 6. Final turbidity of Kaolin after coagulation ■ and
percentage turbidity reduction (o) as the function of

SubCW temperature.

solute eluted by the flowing bulk of fluid [22].

However, the protein yield was reduced to 21 g/100
g-WG at 170 ◦C, and at this temperature, the extract pro-
duced was brown in colour with a burning smell [23]. This
may be due to the degradation of some of the constituents
at higher temperatures. The degradation occurs due to the
increase in hydronium and hydroxide ion concentrations
that allow water to act as an acid or base catalyst, facili-
tating the hydrolysis of proteins into smaller peptides and
low-molecular-mass products such as amino acids [13] and
organic acids [14]. Besides the degradation of temperature-
sensitive compounds, elevated temperatures could involve
high investment costs and could also promote the genera-
tion of unwanted reactions such as caramelization, Maillard
reactions, and toxic compounds. This is because water is
very reactive, which could result in oxidation or catalyze
the hydrolysis of some compounds. For example, substan-
tial amounts of sugars can generate Maillard reactions and
caramelization with the formation of new compounds [8,
24].

Fig. 6 illustrates the turbidity of kaolin as a function of
SubCW temperature. The higher level of protein solubility
in the water resulted in better coagulation performance
[25]. The highest coagulation performance expressed by the
lowest turbidity (48.9 NTU) is achieved at 120◦C with a 20-
ml coagulant solution and synthetic wastewater operating
at a pH of 4.

In acidic conditions, amino groups in the protein are
protonated. Since colloidal particles in kaolin are nega-
tively charged, the protonated amino acid is attracted to
negatively charged particles. This charge will promote co-
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agulation as these particles bind together and grow in size
to form a floc. As a result, larger particles or floc become
heavy and settle to the bottom, leaving the supernatant as
clear water. Hence, the turbidity value of the supernatant
becomes lower, resulting from the effective coagulation
process. At higher temperatures of 130◦C, 140◦C, 150◦C,
and 160◦C, the turbidity keeps increasing to 76.2 NTU, 94.8
NTU, 168 NTU, and 278 NTU, respectively. This shows
lower coagulation performance resulting from protein de-
naturation. The effect of mass loading and reaction time in
SubCW on the efficiency of coagulation is shown in Figs. 7
and 8, respectively.

Fig. 7. Final turbidity of Kaolin after coagulation ■ and
percentage turbidity reduction (o) at various mass loading

(constant reaction time 10 min)

The highest coagulation efficiency was obtained at 1:25
s/w ratio (Fig. 7) and a reaction time of 10 min (Fig. 8), cor-
responding to the lowest turbidity (48.9 NTU) and highest
percentage of turbidity reduction (98.8%). At this optimum
condition, the amount of WG put in the reactor allows
more protein to be extracted [13] to be used as a coagu-
lant in the coagulation of kaolin suspension. The high s/w
resulted in low coagulation performance (high turbidity),
which recorded the highest turbidity (80 NTU) due to the
excess of WG in the reactor. The excess might prevent the
good contact of the protein or peptide with the water [13],
resulting in poor coagulation performance. Meanwhile,
prolonged reaction time causes the denatured of protein
and coagulation efficiency is low under this condition due
to the loss of the catalytic ability of the enzyme [26].

Fig. 8. Final turbidity of Kaolin after coagulation ■ and
percentage turbidity reduction (o) at various reaction time

(constant mass loading 1:2.5).

4.1. The correlation between SubCW temperature on
protein yield and mass loading and reaction time on
the final turbidity

The correlation between SubCW temperature, mass load-
ing, and reaction times on protein yield and final turbidity
was performed using Pearson’s correlation analysis. In the
current study, there is a positive correlation and a strong
relationship (r = 0.865) between temperature and protein
yield. Meanwhile, the relationship between mass loading
and final turbidity showed a positive correlation with a
moderate relationship (r = 0.524), whereas there is a strong
and positive correlation (r = 0.897) between reaction time
and final turbidity. It is clearly shown that the extraction
temperature of SubCW, extraction time, and mass load-
ing play an important role in the extraction of target com-
pounds such as proteins. This study is in accordance with
the study done by [27, 28].

4.2. Molecular weight of SubCW extracts

SDS-PAGE analysis was conducted using 12% gel in order
to obtain information on the relation between the molecular
weight of extracts at different temperatures and their contri-
bution to the performance of turbidity removal at different
protein fractions. Fig. 9 shows various bands and sizes of
proteins, and some similar distinct protein bands can be
observed across all the extracts at temperatures ranging
from 100◦C to 160◦C, except for 180◦C.

At 100◦C, multiple bands can be observed with protein
subunit MW ranging from 18 kDa to 63 kDa. As the tem-
perature rises to 120 ◦C and 140◦C, the image of SDS-PAGE
reveals more bands as compared to the 100◦C tempera-
ture. This is because at higher temperatures, more protein
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Fig. 9. SDS-PAGE Image of Protein Marker (Lane 1) and
Wheat Germ Extracts at different temperature: 100◦C

(Lane 2), 120◦C (Lane 3), 140◦C (Lane 4) 160◦C (Lane 5)
and 180◦C (Lane 6).

can be extracted from the wheat germ, resulting in multi-
ple distinct bands in the SDS-PAGE gel lane [29]. There
is clear evidence of similarity in protein bands, with the
MW subunit ranging between 18 kDa and 117 kDa at both
120◦C and 140◦C extracts, but the denser and darker dis-
tinct bands, which indicate the presence of a larger number
of soluble proteins, can be observed at 120◦C. With the
presence of a larger number of soluble proteins, the ex-
tracts at 120◦C exhibited the highest coagulation activity,
with turbidity removal of 98%, indicating that the higher
level of protein solubility in the extracts resulted in better
coagulation performance [25].

As the temperature rises to 160◦C, the bands start to
decrease, and the MW range is lower as compared to the
MW range at 120◦C and 140◦C. There are only faint bands
with MW ranging from 35 kDa to 100 kDa on the sds-page
lane that can be observed at 160◦C, indicating the relatively
small amount of protein presented in the extracts, which
resulted in lower coagulation performance with only 72%
turbidity removal. Meanwhile, at 180 ◦C, only a smear-
ing image and no bands can be observed. This may occur
at high temperatures because of the degradation of pro-
teins into smaller peptides or amino acids with a molecular
weight below the protein standard, which is 11 kDa.

The smearing image may also be due to the generation
of other products derived from the degradation, such as
organic acids. A poor coagulation performance was ob-
tained when extracts at 160 °C and 180°C were used as
coagulants. This shows that the coagulation performance

of this study works well with proteins with high molecular
weight, as the coagulation performance decreased when
the molecular weight was low and when there was little or
no protein present in the extracts. This study is comparable
to the studies done by [30, 31], where their active coagulant
component extracted from Hibiscus is a protein with a MW
ranging between 11–82 and 183 kDa, respectively. In the
study done by [30], three hibiscus species were assessed,
i.e., okra, sabdariffa, and kenaf. Although multiple pro-
teins with varying MW sizes between 11 and 82 kDa are
presented in the extracts, the purified samples contained a
single coagulant protein band around 39 kDa. The purified
samples of okra, sabdariffa, and kenaf protein achieved
98, 94, and 90% turbidity removal. Meanwhile, the com-
bination of 100–500 mg/L of Hibiscus (with a molecular
weight of 183 kDa) with 4000 mg/L of alum results in 60%
turbidity removal [31]. According to [16], a polymer with
a molecular weight of 100 kDa is defined as having a high
MW.

A study conducted by [32] shows that the high molec-
ular weight of microbial flocculant (120 kDa) that is ob-
tained from Proteus mirabilis shows flocculating efficien-
cies (93.1%). This study obtained a coagulation optimum
condition at 120◦C that contained protein with a MW of 117
kDa in the extracts. Hence, the mechanism of coagulation
by active coagulant from wheat germ is suggested to be
bridging, as bridging is more effective at higher molecular
weights. As depicted in Fig. 9, in the range of 18–117 kDa,
the darkest protein band is visualized at a molecular weight
of 30 kDa, which indicates a highly abundant protein in the
sample. Hence, proteins with a molecular weight of 30 kDa
are likely to be responsible for the coagulation property in
this study. This is in accordance with the previous find-
ings from other studies performed by [29–31]. The study
conducted by [33] utilized Moringa oleifera lectin with a
molecular weight of 26.5 kDa, and the obtained molecu-
lar weight is quite similar to the study conducted by [29],
which reported proteins with a molecular weight less than
36 kDa isolated from MO seeds show superior coagulation
activity.

5. Conclusions

The study shows the ability of SubCW as a green solvent
in the extraction of wheat germ protein to be utilized as
a green coagulant in the coagulation process. The highest
protein that can be extracted from the crude wheat germ is
82.8%. In the absence of hazardous chemicals and a short
extraction time, the extracts from SubCW show significant
efficiency in reducing the kaolin turbidity up to 98.8%. This
study obtained a coagulation optimum condition at 120◦C
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that contained protein with a MW of 117 kDa in the extracts.
Hence, the mechanism of coagulation by active coagulant
from wheat germ is suggested to be bridging, as bridging is
more effective at higher molecular weights. This indicates
the wheat germ protein proved to be an important source
of peptides from agro-food products with significant bioco-
agulant activities. Moreover, SubCW is an environmentally
friendly method that can be used for the valorization of
natural products in water treatment facilities. Such obser-
vations lead to the conclusion that subsequent protein ex-
ploitation from other natural products could be performed
in order to replace the chemical coagulants, and the re-
sults have demonstrated the potential development of a
large-scale SubCW process.
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