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Abstract: Research on the skin’s maintenance and protection against aging has gradually progressed
toward phytocosmetics. This study investigated the in vitro hyaluronidase inhibitory activity of rice
protein hydrolysate obtained by using bacterial amylase and protease against skin aging-related
enzymes. Here, the molecular weights of rice protein hydrolysates were in the range 5–63 kDa.
Every 100 g of a rice protein hydrolysate contains approximately 2960 mg of total amino acid,
including essential amino acids (893 mg) and branched-chain amino acids (591 mg). A kinetic
study showed that hyaluronidase inhibition by the rice protein hydrolysate occurs through a
competitive reaction mechanism. Achieving effective hyaluronidase inhibitory activity, the rice protein
hydrolysate had a half maximal inhibitory concentration of 7.61 mg/mL. Because hyaluronidase
activity inhibition is crucial for treating skin aging, rice protein hydrolysates should be considered as
cosmeceutical ingredients.
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1. Introduction

Protein is among the 10 trends that most strongly drive the current functional food market.
Protein is an essential amino acid (EAA) source and thus a functional component of health [1].
Enzymatic protein hydrolysis requires mild conditions, elicits few side reactions, and increases the
extraction rate, ultimately providing free amino acids and peptides in a variety of sizes. Owing to their
functional and nutritional properties, enzymatic protein hydrolysates may have clinical and dietary
(e.g., protein supplementation) application [2].

Rice protein hydrolysates and their mixtures used in many studies can be obtained by subjecting
flours and protein concentrates or isolates to microbial fermentation or chemical or enzymatic
hydrolysis [3]. In the food industry, enzymatic hydrolysis is preferred because during processing,
no toxic chemical residues are produced. The sources of proteolytic enzymes include not only
animals and plants but also microorganisms. Their varied specificities render each proteolytic enzyme
able to cleave proteins at only certain peptide bonds [4]. The sequence and biological properties
of the resulting peptides are also affected by other factors, such as protein source and reaction
temperature, time, and pH. After the completion of hydrolysis, the subsequent steps applied are
ultrafiltration and chromatography—all to obtain peptides or peptide fractions that are highly pure
and have distinct molecular weights, hydrophobicities, and ionization states [5,6]. Studies [7–9] have
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reported on the biological functions of grain and vegetable protein hydrolysates and derived peptides;
the biological functions include antitumor, antithrombotic, antihypertensive, cholesterol-lowering,
and antioxidant activities, and the grains and vegetables have included soybeans, corn gluten, rice,
rice bran, and potatoes. Being excellent sources of not only proteins but also biologically active
substances, plant protein hydrolysates have potential utility as differing providers of protein and
beneficial-to-health elements in some nutritional products [10].

Hyaluronic acid (HA)—a glycosaminoglycan with high molecular weight—can increase skin
hydration and lubrication and maintain skin plasticity, smoothness, and moistness [11]. Moreover,
to obtain skin with high vitality, maintaining the skin’s moisture and the stratum corneum’s extracellular
matrix is crucial. However, in the skin, hyaluronidase constantly breaks down HA to result in drying
and eventually sagging of the skin. Youthful skin can be thus achieved by inhibiting hyaluronidase
and facilitating the synthesis of matrix proteins [12].

The use of protein hydrolysates from rice—which is the principal food crop for at least 50% of
people globally—as a hyaluronidase inhibitor has not been reported thus far. Therefore, here, a rice
protein hydrolysate’s utility for hyaluronidase activity inhibition was evaluated, followed by the
development of alternative natural cosmetic materials.

2. Materials and Methods

2.1. Rice Protein Hydrolysate Preparation

We first ground polished rice seeds (Oryza sativa L.), followed by sieving the ground rice through a
40-mesh screen (U.S. Standard sieve) and finally storing it at 0 ◦C until use. For experiments, we soaked
rice flour (100 g) in distilled water (1000 mL) containing 2% bacterial amylase (Genencor, Palo Alto,
CA, USA) and then heated this mixture to 95 ◦C for 30 min; finally, it was cooled to room temperature.
The supernatant was removed through 10-min centrifugation at 4000 rpm. After adding 0.1% protease
to the insoluble portion, we incubated the solution and applied shaking for 4 h. The enzymatic
hydrolysis conditions for protease (Healthmate, Changhua, Taiwan) were a pH of 8.5 and temperature
of 55 ◦C. The remaining insoluble portion was removed through 15-min centrifugation at 5000 rpm,
and finally, the supernatant was lyophilized and stored at −20 ◦C (Figure 1).
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2.1.1. Gel Electrophoresis for Determination of Protein Molecular Weight

We employed tricine–sodium dodecyl sulfate (SDS) polyacrylamide gel electrophoresis (PAGE)
that was based on Schägger’s [13] method. In brief, we prepared a stacking gel (4% w/v gel) and
different resolving gels (7%, 9%, and 10% w/v) such that the pore size was smaller in the stacking gel
than in the resolving gel. Here, the stacking gel functioned to line up all the test samples loaded on the
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gel such that they simultaneously penetrated the resolving gel, where the proteins separated on the
basis of their molecular weights. Freeze-dried protein samples were dispersed in a buffer solution
(0.375 mol/L Tris-HCl, 30 g/L SDS, 75 g/L glycerol, and 0.125 g/L Coomassie blue G 250, pH 7) and
centrifuged before loading. 2-Mercaptoethanol (20 µL) was placed in 1 mL of the prepared sample,
which was then incubated for 90 s in a 100 ◦C bath. Thereafter, every sample well was loaded with
only one test sample. Next, the electrophoresis was performed at a 30 mV until all test samples were
found to have entered the stacking gel, and then the voltage was changed to 100 mV until the end of
the experiment. The obtained polypeptide bands were then fixed in a fixing solution for 30 min and
then submerged in a staining solution for 30 min. Finally, the gels were incubated in 10% acetic acid
overnight with shaking for complete destaining of the gel backgrounds.

2.1.2. Sample Amino Acid Profiles

In accordance with a previously reported method [14], we employed methanesulfonic acid (4 N) at
115 ◦C for 24 h in evacuated tubes to hydrolyze our rice protein samples and then analyzed the resulting
hydrolysate for their amino acid profiles on an L-8900 amino acid analyzer (Hitachi, Tokyo, Japan).

2.2. Hyaluronidase Inhibitory Activity Analysis

Antihyaluronidase assay was conducted according to a previous method [15]. In brief, we mixed
the sample solution, 5 mg/mL hyaluronidase, and 1 mg/mL bovine serum albumin with acetate buffer
(pH 3.9) and incubated them at 37 ◦C for 20 min. Next, a 5.0 mg/mL HA solution was employed to
initiate the enzymatic reaction. The reaction was run at 37 ◦C for 40 min and then stopped through
the addition of alkaline borate. Here, hyaluronidase acted upon HA to release N-acetylglucosamine.
Because the release of N-acetylglucosamine decreases in the presence of a hyaluronidase inhibitor,
the changes were monitored by measuring the reaction mixture’s absorbance at 600 nm. As negative and
positive controls, we used a blank test and tannic acid (0.066, 0.125, 0.25, and 0.3 mg/mL), respectively.
Finally, the inhibition of hyaluronidase activity was computed as follows:

Inhibition (%) =
(A− B) − (C−D)

A− B
× 100,

where A, B, C, and D denote the absorbance values for mixtures containing hyaluronidase
alone, no sample or hyaluronidase (blank), both the sample and hyaluronidase, and the sample
alone, respectively.

2.3. Kinetic Properties of Rice Protein Hydrolysate

The method used here is reported elsewhere [16]. In brief, we first assayed the dose-dependent
relationship between our rice protein hydrolysate and hyaluronidase. We placed our hydrolysate
solution (40 µL; 0, 0.5, 1, 2, 5, 10, and 20 mg/mL) in a 96-well plate and then added hyaluronidase
solution (5 µL; 0.5, 1, 2, 5, and 10 mg/mL); moreover, 5.0 mg/mL HA in acetate buffer (100 µL, pH 5.35)
was the substrate. This was followed by kinetic studies, where we added our hydrolysate solution
(50 µL; l 0, 0.5, 1, 2, 5, and 10 mg/mL) to a 96-well plate and then hyaluronidase solution (5 µL;
1 mg/mL) was added. Next, we constructed a Lineweaver–Burk plot using the inverse of the substrate
concentration [S] and the reaction rate V:

1
V

=
Km

Vmax
×

1
[S]

+
1

Vmax
.

Here, the maximum velocity and the Michaelis constant are denoted Vmax and Km, respectively. In this
double reciprocal plot, the linear regression line can be drawn and used for Km and Vmax calculation
because its x intercept, y intercept, and slope are −1/Km, 1/Vmax, and Km/Vmax, respectively. In addition,
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this plot can be applied for understanding if an inhibitor’s reaction mechanism is competitive,
uncompetitive, or noncompetitive [17].

3. Results

3.1. Molecular Weights and Amino Acid Profiles of Rice Protein Hydrolysate

Among the rice proteins, the prolamin, glutelin, globulin, and albumin have molecular weights of
7–13, 8–29, 13–60, and 7–135 kDa, respectively [18]. As shown by the results of tricine-SDS−PAGE
(Figure 2), our rice protein hydrolysate’s molecular weights were 5–63 kDa—corroborating the results
for the same fractions in another study [19]. Moreover, a study [20] reported rice bran protein
hydrolysate to have molecular weights of 6.5–66.2 kDa.
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Figure 2. Tricine-SDS-PAGE results: (line 1) molecular-weight marker and (line 2) rice
protein hydrolysate.

Table 1 presents the rice protein hydrolysate’s amino acid profile: total amino acid content
approximately 2960 mg per 100 g of rice protein hydrolysate (893 mg of EAAs and 591 mg of
branched-chain amino acids).

Table 1. Rice protein hydrolysate’s amino acid profile.

Amino Acid Profiles Content in Rice Protein Hydrolysate (mg/100 g) #

Alanine 193
Arginine 248

Aspartic acid 308
Cystine 52

Glutamic acid 532
Glycine 161

Histidine 77
Isoleucine 113
Leucine 226
Lysine 135

Methionine 13
Phenylalanine 148

Proline 134
Serine 156

Threonine 116
Tryptophan -

Tyrosine 167
Valine 180

Total amino acids (TAA) 2960
Essential amino acids (EAA) 893

Branched-chain amino acids (BCAA) 519
# All values are expressed as means of duplicates.
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3.2. Hyaluronidase Inhibition Ability of Rice Protein Hydrolysate

We used tannic acid as a positive control. As Figure 3a illustrates, hyaluronidase activity
inhibition increased as the added amount of tannic acid was increased, with the half maximal inhibitory
concentration (IC50) being 0.14 mg/mL—close to the IC50 of 71.1 mM (0.121 mg/mL) reported by
Nishida et al. [21]. Figure 3b illustrates the inhibition of hyaluronidase activity using the rice protein
hydrolysate solution as an inhibitor. The rice protein hydrolysate inhibition of hyaluronidase activity
was dose dependent. Moreover, the line of linear regression had a slope and y intercept of 4.0073 and
13.788, respectively. Accordingly, we determined the IC50 of our rice protein hydrolysate solution to
be 7.61 mg/mL. Aguilar-Toalá et al. [22] also concluded that bioactive peptides from milk fermented
using specific strains of Lactobacillus plantarum could inhibit hyaluronidase.Appl. Sci. 2020, 10, x 6 of 10 
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In general, plant-derived peptides, with low molecular weights and various biological functions,
are regarded as healthy and safe. These peptides are absorbed easily and therefore are bioavailable in
human body. Rice has nutritional, hypoallergenic, and health-promoting characteristics, all of which
are retained by rice starch byproduct–derived peptides [23]. Although the rice protein hydrolysate
does not have inhibitory activity higher than that of tannic acid, it is generally a natural ingredient
safely usable in cosmetics [24].

3.3. Hyaluronidase Inhibitory Activity Kinetics

Our rice protein hydrolysate has the ability to inhibit hyaluronidase activity and degradation of
HA. As illustrated in Figure 4, under the condition of 5 mg/mL HA as the substrate, the hyaluronidase
activity increased with the hyaluronidase concentration. The relationship of hyaluronidase activity
with its concentration was linear, and the hyaluronidase activity decreased with the addition of the rice
protein hydrolysate solution.

Appl. Sci. 2020, 10, x 7 of 10 

hyaluronidase activity with its concentration was linear, and the hyaluronidase activity decreased 

with the addition of the rice protein hydrolysate solution. 

 

Figure 4. Effects of rice protein hydrolysate on the hyaluronidase activity with 5 mg/mL HA as a 

substrate. 

Next, we investigated the mechanism of hyaluronidase activity inhibition with HA as the 

substrate by constructing a Lineweaver–Burk double reciprocal plot for the relationship of the 

inverse of the reaction rate with that of HA concentration (Figure 5), where the concentration of the 

rice protein hydrolysate solution is a parameter. The results revealed that the five curves with 

different concentrations of the rice protein hydrolysate shared the same 𝑦 intercept 1/𝑉max, 

indicating 𝑉max = 0.096 mM for all cases. Moreover, −1/𝐾m, the 𝑥 intercept, increased as the rice 

protein hydrolysate concentration was increased, revealing that Km increased with the inhibitors of 

rice protein hydrolysates. 

Our rice protein hydrolysate solution thus can inhibit hyaluronidase activity effectively. Under 

this condition, the rice protein hydrolysate bound with hyaluronidase had an effect on the HA 

binding. Therefore, HA and rice protein hydrolysates both bound to the hyaluronidase. According 

to Figure 5, our rice protein hydrolysate’s inhibition mechanism was competitive. A previous study 

[25] reported tannic acid to have a similar effect; however, chia seed peptides were noted to have a 

mixed inhibition pattern, where seven peptides (namely KKKRVYV, GFEWITF, GDAHWVY, 

GDAHWTY, GDAHWAY, DQNPRSF, and APHWYTN) were identified in the fraction [26]. Chen et 

al. [27] reported that rice protein hydrolysates’ unique Val-Asn-Pro (VNP) and Val-Trp-Pro (VWP) 

characteristics enable their application in antihypertensive functional foods and drugs. In the rice 

tripeptides, the presence of proline may contribute to high angiotensin-converting enzyme (ACE) 

inhibitory activity. VNP and VWP are competitive inhibitors, and therefore their powerful ACE 

inhibition may be caused by reduction in ACE’s capacity for substrate binding. 

0

0.1

0.2

0.3

0.4

0.5

0 2 4 6

H
y

al
u

ro
n

id
as

e 
ac

ti
v

it
y

 (
U

/m
in

)

Hyaluronidase (mg/mL)

0.5 mg/mL

1 mg/mL

2 mg/mL

5 mg/mL

10 mg/mL

Figure 4. Effects of rice protein hydrolysate on the hyaluronidase activity with 5 mg/mL HA as
a substrate.

Next, we investigated the mechanism of hyaluronidase activity inhibition with HA as the
substrate by constructing a Lineweaver–Burk double reciprocal plot for the relationship of the
inverse of the reaction rate with that of HA concentration (Figure 5), where the concentration of
the rice protein hydrolysate solution is a parameter. The results revealed that the five curves with
different concentrations of the rice protein hydrolysate shared the same y intercept 1/Vmax, indicating
Vmax = 0.096 mM for all cases. Moreover,−1/Km, the x intercept, increased as the rice protein hydrolysate
concentration was increased, revealing that Km increased with the inhibitors of rice protein hydrolysates.
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Our rice protein hydrolysate solution thus can inhibit hyaluronidase activity effectively. Under this
condition, the rice protein hydrolysate bound with hyaluronidase had an effect on the HA binding.
Therefore, HA and rice protein hydrolysates both bound to the hyaluronidase. According to Figure 5,
our rice protein hydrolysate’s inhibition mechanism was competitive. A previous study [25] reported
tannic acid to have a similar effect; however, chia seed peptides were noted to have a mixed inhibition
pattern, where seven peptides (namely KKKRVYV, GFEWITF, GDAHWVY, GDAHWTY, GDAHWAY,
DQNPRSF, and APHWYTN) were identified in the fraction [26]. Chen et al. [27] reported that rice
protein hydrolysates’ unique Val-Asn-Pro (VNP) and Val-Trp-Pro (VWP) characteristics enable their
application in antihypertensive functional foods and drugs. In the rice tripeptides, the presence of
proline may contribute to high angiotensin-converting enzyme (ACE) inhibitory activity. VNP and
VWP are competitive inhibitors, and therefore their powerful ACE inhibition may be caused by
reduction in ACE’s capacity for substrate binding.

In the past 10 years, the research on peptides and protein from cereals and with multiple biological
activities has rapidly increased. In 2018, Huang et al. [28] indicated proso millet to be a potential
tyrosinase inhibitor and antioxidant; the authors also indicated its possible cosmetic applications.
Industrial rice byproducts can also be hydrolyzed by selected enzymes and microbial systems to
produce functional supplements and additives that are antioxidant-peptide rich and applicable in
new food formulations for humans [29,30]. Empirical and bioinformatics studies thus far have mainly
provided in vitro data and limited clinical evidence to prove these biological activities. Peptides and
hydrolysates are therefore reasonable for use as health and functional foods [31].

4. Conclusions

Because of the wide biochemical diversity of proteins composed of various amino acids, obtaining
protein hydrolysates with multiple unique biological functions is possible. We conclude that our
rice protein hydrolysate effectively inhibits hyaluronidase activity, with an IC50 of 7.61 mg/mL and a
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competitive inhibitory mechanism. Here, an amplified enzymatic digestion process was established
using food-grade proteolytic enzymes, and no solvents or chemicals were used. The current results
provide a rationale for the direct development of peptides from industrial rice byproducts and may aid
in developing cosmeceuticals that help manage diseases related to elevated hyaluronidase activity.

Author Contributions: Conceptualization: Y.-S.L.; methodology: H.-J.C., F.-J.D. and S.-L.F.; formal analysis:
F.-J.D., Y.-S.L., and C.-S.C.; data curation: H.-J.C., F.-J.D., S.-L.F., and Y.-C.H.; writing—original draft preparation:
F.-J.D., S.-L.F., and Y.-C.H.; and writing—review and editing: C.-F.C., Y.-S.L., and C.-S.C. All authors have read
and agreed to the published version of the manuscript.

Funding: This research was funded by the Ministry of Science and Technology, grant
number 109-2622-E-239-001-CC3.

Conflicts of Interest: The authors declare no conflict of interest.
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