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Abstract In order to develop processing methods with

high physiological activity for Protaetia brevitarsis larvae

(PBL), subcritical water (SCW) extraction was applied.

The dried powder (1 g) of PBL was extracted with 10 mL

distilled water at 100, 200, and 300 �C for 30 min. The

SCW treatment significantly (p\ 0.05) increased some

physiological activities of the PBL extracts. The SCW

extract at 300 �C increased alcohol dehydrogenase,

acetaldehyde dehydrogenase, and tyrosinase inhibitory

activities from 192.3 ± 4.1% to 452.2 ± 0.5%,

125.4 ± 2.9% to 153.3 ± 0.4%, and - 7.0 ± 0.7% to

26.1 ± 1.4%, respectively, compared to the extract at

100 �C. Contrarily, the inhibition activity of angiotensin

converting enzyme was the highest at 200 �C. These results
suggest that SCW is a suitable method to extract and

maintain the physiological activity of PBL.

Keywords Protaetia brevitarsis larvae � Subcritical
water � Alcohol metabolizing enzymes � ACE inhibitory

activity � Tyrosinase inhibitory activity

Introduction

Insects are a group of invertebrates belonging to the Phy-

lum Arthropoda. Their anatomy is divided into the head,

thorax, and abdomen. There are around 1 million different

species of insects and collectively, they account for over

90% of animals (van Huis et al., 2013). Insects inhabit most

of the earth’s environment, are closely related to humans,

and have traditionally been edible in some countries or

regions; for example, the rice grasshopper and silkworm

pupa are consumed in rural areas of Korea. Insects contain

a variety of nutrients, including proteins, vitamins, and

unsaturated fatty acids, and are highly prolific. Therefore,

the Food and Agriculture Organization (FAO) of the Uni-

ted Nations is focusing on insects as a future food resource

(van Huis et al., 2013). In line with this, the Korean

Ministry of Food and Drug Safety has registered mealworm

larvae, white-spotted flower chafer larvae, Korean rhino-

ceros larvae, and two-spotted cricket adult as novel food

sources, as of 2014. Currently, seven species of insects,

including rice grasshopper, silkworm pupa, and Bobbysis

corpus, are legally permitted for manufacture and sale as

food in Korea (Yun and Hwang, 2016). The white-spotted

flower chafer (Protaetia brevitarsis, PB) is a large beetle,

17–22 mm long, with a color described as copper black and

glossy. There are irregular white or yellow patterns of spots

on the chest and blade of PB. PB is found in eastern Siberia

and Asia, including the Korean peninsula.

PB larvae (PBL), known as ‘gumbengi’ in Korea, have

been collected from straw roofs to be used in oriental

medicine. PBL is a high-protein food source, with a total

protein content of 54.13 g and 18.52 g of lipid per 100 g of

dry weight (Korean Food Table, 2019). Due to the nutrient-

rich nature of PBL, extensive research has been conducted

to determine the physiological activity and food
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materialization of PBL (Chon et al., 2012; Choi et al.,

2019; Kwon et al., 2013; Lee et al., 2019; Sung et al.,

2016). To utilize PBL as a useful food source, it is nec-

essary to develop a suitable processing method. Fermen-

tation (Lee, 2018; Sim et al., 2018) and protein hydrolysis

(Lee et al., 2017) are examples of processing methods that

have been tested and reported. On the other hand, the

extraction is the most basic process for commercialization

of food materials. However, to the best of our knowledge,

it’s difficult to find any researches for extraction of PBL. In

this study, we aimed to manufacture PBL extracts with

improved physiological activity using subcritical water

(SCW).

Water and ethanol are generally used to extract useful

substances used as food materials. The usefulness of water

is limited by the fact that it mainly extracts hydrophilic

substances. Contrarily, ethanol can be extracted with

hydrophilic and hydrophobic substances. However, ethanol

should be removed after extraction as an organic solvent.

Further, the use of ethanol poses a risk to the environment.

Water between 100 �C (boiling temperature) and 374 �C
(critical temperature) under high pressure is referred to as

SCW. Under SCW conditions, the polarity of water

decreases, thereby mimicking properties of organic sol-

vents. This allows for the extraction of various substances

in a manner suitable for the environment (Carr et al., 2011).

SCW can also break down covalent bonds such as ester,

ether, and peptide bonds, making it advantageous for the

extraction of useful materials (Kus, 2012). By using SCW,

materials maintaining physiological activity can be

extracted from sources such as watermelons (Kim et al.,

2014a), oyster mushrooms (Jo et al., 2013), blue mussel

(Han et al., 2018), and Styela clava (Jo et al., 2018).

Therefore, in this study, we present the possibility of

applying SCW to PBL by manufacturing the extract under

three different temperatures and analyzing the physiologi-

cal activity of alcohol metabolizing enzymatic activity,

angiotensin converting enzyme (ACE) inhibition, and

tyrosinase inhibition.

Materials and methods

Reagents

Acetaldehyde dehydrogenase (ALDH), alcohol dehydro-

genase (ADH), arbutin, captopril, hippuryl-L-histidyl-L-

leucine (HHL), NAD?, rabbit lung acetone powder,

tyrosinase, and L-tyrosine were purchased from Sigma-

Aldrich Co. (St. Louis, MO, USA). Hepos syrup (Choa

Pharm. Co. Ltd., Seoul, Korea) was purchased from a

pharmacy in Changwon city (Korea). Other reagents were

purchased from Sigma-Aldrich Co.

Preparation of SCW extracts from PBL

PBL of third instar stage (90 days after birth) were pro-

vided by Gyeongsangnam-do Agricultural Research and

Extension Services (Jinju, Korea) in March 2017. PBL

were dried in a freeze dryer (FD 5512; Ilsin Lab Co., Seoul,

Korea). Dried PBL were made into small particles with a

grinder (HBL-3500S; Samyang Electronic Co., Gunpo,

Korea), then passed through a 25 mesh sieve (Chunggye-

sanggongsa, Seoul, Korea). Dried PBL powder (0.1 g) was

added with 10 mL of distilled water to a stainless steel tube

(14 9 1 cm2) and sealed tightly with a cap, and left in a

furnace (Daeil Engineering, Seoul, Korea). The extraction

temperature was adjusted to 100, 200, or 300 �C for

30 min. The internal pressure of the stainless steel tube was

0.1–5 MPa. After extraction, the tubes were taken out of

the furnace and cooled at room temperature for 30 min.

SCW extracts were filtered with Whatman No. 3 filter

paper (GE Healthcare UK Ltd., Buckinghamshire, UK);

filtrates were used as specimens and stored at - 70 �C.

ADH activity

The effect of PBL extracted using SCW on ADH activity

was measured by a modified Bergmeyer’s method (1974).

After mixing 0.7 mL of distilled water, 0.38 mL of 1.0 M

Tris–HCl buffer (pH 8.8), 0.15 mL of 20 mM NAD? solu-

tion, 1.16% (v/v) ethanol, and 50 lL of the extract at 25 �C
for 10 min, then 27.5 mL of ADH (5 unit/mL) was added to

react. Absorbance of generated NADH was measured at

340 nm using a spectrophotometer (Optizen Pop, Mechasys

Co., Ltd., Dajeon, Korea) to compare the relative activity to

the control. Distilled water was used instead of samples in

the control, and Hepos was used as a positive control. The

ADH activity of sample was calculated by dividing the

absorbance at the end of the reaction as a percentage of the

absorbance of the control, in the following manner:

ADH activity(% ) ¼ Asample=Acontrol

� �
� 100

ALDH activity

The effect of SCW-extracted PBL on ALDH activity was

measured by the method described by Koivula and Koi-

vusalo (1975) with some modifications. That is, after

mixing 1.05 mL of distilled water, 0.15 mL of 1.0 M Tris–

HCl buffer (pH 8.0), 50 lL of 20 mM NAD?, 50 lL of

0.1 M acetaldehyde, 50 lL of 3.0 M KCl, and 50 lL of

0.33 M 2-mercaptoethanol, and 10 lL of sample, the

mixture was allowed to stand for 10 min at 25 �C. The
reaction was started by addition of 50 lL of ALDH (1 unit/

mL). After 10 min of reaction at 25 �C, produced NADH
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was detected by measuring absorbance at 340 nm by a

spectrophotometer (Optizen Pop, Merchasys Co., Ltd.) As

in ADH activity measurements, distilled water was added

instead of samples, and positive control was also used with

Hepos syrup. ALDH activity of sample was calculated by

the following equation.

ALDH activity(% ) ¼ Asample=Acontrol

� �
� 100

ACE inhibitory activity

ACE inhibitory activity was measured using the method

developed by Cushman and Cheung (1971). Firstly, 1 g of

rabbit lung acetone powder was mixed with 20 mL of

50 mM sodium borate buffer (pH 8.3) and stirred for 24 h

at 4 �C. The ACE solution was obtained as a supernatant

after centrifugation for 10 min at 50009g. ACE solution

(50 lL) was added to 50 lL of SCW extract of PBL and

was allowed to stand for 10 min at 37 �C. One hundred lL
of 25 mM HHL was mixed and incubated at 37 �C for

60 min. To stop the enzymatic reaction, 250 lL of 1 M

HCI was added and stirred for 30 s, followed by centrifu-

gation at 50009g for 10 min. The supernatant (200 lL)
was completely dried at 80 �C for 30 min, and dissolved in

1 mL of distilled water. Absorbance was measured at

228 nm. Distilled water was used as a negative control, and

captopril as a positive control. The ACE inhibitory activity

was obtained using the following equation:

ACE inhibitory activity(% ) ¼ 1� Asample=Acontrol

� �� �

� 100

Tyrosinase inhibitory activity

Tyrosinase inhibitory activity was analyzed as described by

Vanni et al. (1990). Each extract (100 lL) and 140 lL of

0.05 mM sodium phosphate buffer (pH 6.8) were added

into a 96-well plate, and 40 lL of 1.5 mM L-tyrosine

solution and 20 lL of mushroom tyrosinase (1500 U/mL)

were added. After mixing, the solution was incubated at

37 �C for 15 min, absorbance was measured with a mul-

tiplate reader (Sunrise RC/TS/TS Color TC/TW/BC/6Fil-

ter, Techan Austria GmbH, Grödig, Austria) at 492 nm.

Arbutin was used as a positive control.

Tyrosinase inhibitory activity(%)

¼ 1� Asample=Acontrol

� �� �
� 100

Statistical analysis

All data are presented as means ± standard deviations

(SDs). Statistical analysis was performed using SPSS

software (SPSS Inc., Chicago, IL, USA). The significant

differences between groups were assessed with one-way

analysis of variance followed by Duncan’s multiple range

test or Student’s t test. A p value\ 0.05 was considered to

be statistically significant.

Results and discussion

Effect of SCW extracts of PBL on the activity

of alcohol metabolizing enzymes

Most of the alcohol absorbed into the body is metabolized

by ADH and ALDH (Liber, 1991). The effect of SCW

extracts of PBL on the activity of these alcohol metabo-

lizing enzymes was investigated. The effects of threefold

diluted SCW extracts on the activity of ADH are shown in

Fig. 1. When the activity of ADH without the addition of

the extract was 100%, the ADH activity was more than

100% after the addition of all diluted SCW extracts. There

was a positive correlation between ADH activity and

extraction temperature, as the ADH activity of the extract

prepared at 300 �C showed 452.2 ± 0.5% activity. Hepos

syrup, used as a control, is classified as a hepatic disease

medicine used as a supplement to aid in liver dysfunction.

It contains betaines as a medicinal ingredient and is widely

used as a positive control in alcohol metabolizing enzyme

studies. Undiluted and threefold diluted Hepos syrup

showed 550.4 ± 3.2% and 249.1 ± 2.0% of ADH activity,

respectively. Meanwhile, Kim et al. (2014b) showed that

10 mg/mL of the hot water extract of the domestic blue

mussel, a well-known food in treating hangovers, resulted

in 139.75% in ADH activity; however, the activity of ADH

using a twofold dilution of Hepos was 195.49%. In this

study, 0.1 g of PBL was extracted with 10 mL of water,

Fig. 1 Effects of (A) threefold diluted SCW extracts from Protaetia

brevitarsis larvae (PBL) and Hepos on alcohol dehydrogenase (ADH)

activity. Each value represents mean ± SD. Values with different

letters above the bars are significantly different by Duncan’s multiple

range test at p\ 0.05
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and even if 100% of solids were completely extracted into

SCW, the concentration of a threefold dilution extract was

calculated to be a maximum of 3.3 mg/mL. When com-

pared to the blue mussel, the SCW extract of PBL was

more efficient since a lower concentration resulted in

greater ADH activity.

In addition, the effects of threefold diluted SCW extracts

of PBL on the activity of ALDH is indicated in Fig. 2. As

noted above, the ALDH activity without any addition was

100%, which was further increased by the diluted PBL

extracts. SCW extracts prepared at 100 �C and 200 �C
showed similar activity, at nearly 125%, but the extract

produced at 300 �C increased ALDH activity to

153.3 ± 0.3%. ALDH activity with undiluted and three-

fold diluted Hepos syrup, was 165.8 ± 3.2% and

128.1 ± 1.7%, respectively. The above results indicate that

the SCW extract of PBL increases ALDH activity.

ADH and ALDH, the main alcohol metabolizing

enzymes in the body, use NAD? as a coenzyme. NAD? is

biosynthesized from niacin, which is absorbed by the body

as a precursor and is regenerated from NADH by a malate-

Asp shuttle to promote activation of alcohol metabolizing

enzymes (Sugano et al., 1990). Raw and dried PBLs are

reported to contain 1.62 and 3.97 mg/100 g of niacin,

respectively (Korean Food Table, 2019). Aspartate (Asp)

content of PBL was reported to be more than 4% of dry

PBL weight (Chung et al., 2013). The niacin and Asp

content of bean sprouts, another well-known food source

for treating hangovers, is 0.7 mg/100 g and 1181 mg/

100 g, respectively, and those of blue mussels are 2.5 mg/

100 g and 677 mg/100 g, respectively (Korean Food

Table, 2019). This suggests that PBL also contains elevated

levels of niacin and Asp, which contribute to the produc-

tion of NAD? associated with alcohol metabolizing

enzymes, compared with bean sprouts and blue mussels.

Further studies of SCW extracts of PBL are necessary to

determine the specific components required for the acti-

vation of alcohol metabolizing enzymes.

ACE inhibitory activity

Angiotensin II, a hormone involved in regulating hyper-

tension through constriction of arterial vessels to raise

blood pressure and by promoting the release of aldosterone

in the adrenal glands, was produced by ACE. Therefore,

measurement of inhibitory activity on ACE is a good

indicator of the development of anti-hypertensive sub-

stances. The results of measuring the ACE inhibitory

activity of PBL extracts are shown in Fig. 3. All the SCW

extracts showed significant ACE inhibitory activity. The

SCW extract prepared at 100 �C exhibited 34.0 ± 1.0% of

ACE inhibitory activity, and the extract manufactured at

200 �C increased to 69.8 ± 1.6%. However, the ACE

inhibitory activity of that extracted at 300 �C decreased to

53.0 ± 1.7%. This phenomenon can be explained by two

factors. First, although SCW could extract active mate-

rial(s) from PBL, the material or materials are potentially

unstable at 300 �C. Second, it is possible that chemicals

interfering with ACE inhibitory activity were also extrac-

ted at 300 �C. Contrarily, a positive control, captopril,

showed 65.1 ± 3.7% ACE inhibitory activity at a con-

centration of 0.3 lg/mL.

The above results indicate that the appropriate condi-

tions of SCW can efficiently extract substances with ACE

inhibitory activity from PBL. ACE inhibitory activity in

food sources is mainly caused by peptides (Lee and Hur,

2017) and has been reported to be highly effective when

protein is hydrolyzed (Fujita et al., 2000). Therefore, it can

be inferred that the ACE inhibitory activity is increased by

the peptide produced by hydrolysis of PBL proteins under

SCW condition, but further studies are required to confirm

this notion.

Fig. 2 Effects of threefold diluted SCW extracts from Protaetia

brevitarsis larvae (PBL) and Hepos on acetaldehyde dehydrogenase

(ALDH) activity. Each value represents mean ± SD. Values with

different letters above the bars are significantly different by Duncan’s

multiple range test at p\ 0.05

Fig. 3 Angiotensin converting enzyme (ACE) inhibitory activity of

SCW extracts from Protaetia brevitarsis larvae (PBL) and captopril.

Each value represents mean ± SD. Values with different letters

above the bars are significantly different by Duncan’s multiple range

test at p\ 0.05
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Tyrosinase inhibitory activity

Tyrosinase convert tyrosine to 3,4-dihydroxyphenylalanine

(DOPA) and DOPA-quinone, which help form components

of the pigment in skin and hair. Melanin, a primary pig-

ment, also acts as an important defense mechanism against

ultraviolet radiation on skin, but excessive increases in

epithelial melanin can produce freckles, wrinkles, and age

spots (Kim and Uyama, 2005). Thus, materials with an

inhibitory effect on tyrosinase activity are receiving

increasing attention. As shown in Fig. 4, the SCW extracts

of PBL prepared at 200 and 300 �C showed 15.6 ± 0.2 and

26.1 ± 1.4, respectively. Arbutin, used as a positive con-

trol, showed a tyrosinase inhibitory activity of

41.7 ± 0.5% at a concentration of 0.5 mg/mL. Although

the tyrosinase inhibitory activity of the SCW extracts of

PBL was significantly lesser than that of arbutin, this study

is the first attempt, to our knowledge, to show the tyrosi-

nase inhibitory potential of PBL.

Correlation between ADH, ALDH, ACE inhibitory,

and tyrosinase inhibitory activities

The correlations between ADH, ALDH, ACE inhibitory,

and tyrosinase inhibitory activities of PBL extraction by

SCW were analyzed, and the calculated coefficients of

correlations are indicated in Table 1. ADH activity was

positively correlated with ALDH activity (r = 0.982),

however, ACE inhibitory activity was not correlated to

either ADH (r = 0.151) or ALDH (r = 0.029) activity.

These results suggest that additional factors, except those

related to ADH and ALDH activities, might play on the

ACE inhibitory activity of PBL extracts.

In this study, the SCW treatment effectively increases

ADH, ALDH, ACE inhibitory, and tyrosinase inhibitory

activities of PBL. Thus, this study provides further evi-

dence that SCW treatment process could be a useful

method to improve the health-promoting properties of

PBL.
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