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ABSTRACT

There have been few studies to date on physiologically active peptides derived from
Protaetia brevitarsis larvae (PBL). This study aimed to examine the effects of PBL enzyme
hydrolysates on glucose and lipid metabolism in mice fed a high-fat diet. Four-week-old
male C57BL/6] mice were acclimated for one week. They were then divided into three
groups: the normal fat diet-fed group (ND; n = 5), the high-fat diet-fed group (HD;
n = 6), and the high-fat diet-fed group that was orally administered PBL enzyme hydrolysate
(200 mg/kg/day, 7 times/week) (HDP; n = 6). After 7 weeks on the experimental diet,
dietary intake decreased significantly in the HD group compared with the ND group,
but it was not significant in the HDP group. Low-density lipoprotein cholesterol (LDL-C)
and triglyceride (TG) were significantly increased in the HD group compared with the
ND group but were not reduced in the HDP group. In the oral glucose tolerance test
(OGTT) glucose levels at 30 minutes were significantly higher in the HD group than
in the ND group and tended to decrease in the HDP group. Tumor necrosis factor-alpha
(7TNF-2) mRNA expression was significantly increased in the HD group compared with
the ND group, but tended to decrease in the HDP group compared with the HD group.
In conclusion, in mice fed a high-fat diet, PBL enzyme hydrolysate inhibited the rise

Received: 28 January, 2026 Revised: 20 February, 2026 Accepted: 27 February, 2026

'Corresponding Author: Yoona Kim Tel: +82-55-772-1432 E-mail: yoona.kim@gnu.ac kr

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial
License (http://creativecommons.org/licenses/by—nc/3.0) which permits unrestricted non—commercial use, distribution,
and reproduction in any medium, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.7856/kjcls.2026.37.1.31&domain=https://kjcls.or.kr/&uri_scheme=http:&cm_version=v1.5

32 SIRXGIAEMEDIEIEIN H37H 15 2026

in blood glucose during the initial 30 minutes of OGTT and showed a tendency to
lower expression of 7NF-« genes in the liver tissue. Further studies are needed to
clarify the concentration-specific and long-term effects of PBL enzyme hydrolysate
on metabolic improvement in mice fed a high-fat diet.

Key words: obesity, Protaetia brevitarsis larvae, high-fat diet, glucose tolerance, tumor
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H|RES o #] AHFe} AH] 7He] Extg o= <l
Sff AAHo] Bl dAolAY HesHA £4 9 £
Ex= AHE, A 4 9 A AAHCE &
HEC| §479] S7ketAA 588 TR A
2 diFEa Aok Syt 2040 o4 AR19] H]
gk %%‘%% 20129 30.2%(473 37.3%, 14
A4%)0IA 20219 38.4%(d 49.2%, <14

/)WPX] 1.278) 71519 Jeong et al. 2024).
Lo 77} Eot o} - HAW(6-1841)9] HgF E
St 9.7%°NA 19.3%7HA] °F 28] F7Fsto] L2yt
oA HTE FHEE0] A&HHoR FUREE B
otk AaS 9 FHAS 7oA ofxds] 4
I Qe AdA At IdEE AR Sl
AF2 BRke] fHEEC] S7Iske] olF Y F
PHdouble burden of malnutrition)ol] 2|3
Q71= FH(Winichagoon & Margetts 2017).

HITES Qlad Ay, A, oA EE
%, 18, A2 S, HYESAY AR 4

o

P

m\!

ZHnon-alcoholic fatty liver disease, NAFLD),
HEHA Ae 925 A 75 At 2 & &
ot Euk dgke] A flE RoH o g St
AlZ1cH(Petrie et al. 2018; Tyrrell et al. 2019;
Larsson & Burgess 2021; Francque & Dirinck
2023). E3F oEn] Zrlow Aldet o3RS n|
A=, IS 4 Bvte s Qg A AlAA A
A B8 20209 7l oF 22 9T mRofA

2030¥9ll= 3% EEE A6k, 2060d0l=
£ 18% 9 ol ol A= q&HH 3
THOkunogbe et al. 2022). WhA] H|TEO 2 Q]
St Al 7hs et AFg T AR EAIA B8-S FAA
717] SlsfiA= BTk oshal A g 4= = A
AE A FR 715 A Jido] Hasitt

L, A8 252 Al AHY A&vksdt
71578 AF N S0l AEE tijte g 5

1 9

W it EHE T, BRSPSAL, Hlek,
Sulg 5 SRS FHAst e Bt opet,

ZBAxIe Ao YAk §8o] =2 S Adrh
(Park & Yun 2018). 20254 71& $-2uetof| A
A18o] 7hseh 32 T 10528 Ui AEYUs
7} 9F0|aL A AFdRTE 1Folth IF 9
Huto| &5 R 82(Protaetia brevitarsis larvae;
PBL)Z 201630 453730 da=2 5550
AR LA 13 AR B 5 1915 ZHAIst
I o (Ministry of Agriculture, Food and
Rural Affairs 2025), 71's/d°l tigt ek A
7b A =] Qlek. Park et al.(2024)2 PBL
9] 70% olg2 F==°] Hep3B AlZoA LPS
I A5 FE &4 AEAFE] His] A
AL, Jang et al.(2023)2 PBLO] U~ &4
2 HAA| oA RANKL R SHEA|E 3/do]
gt oAl s YeRthl HAskeITh ESE
PBLY] gHH|9F S37HAhn et al. 2019), ¥ &
IHPark et al. 2021), FAISH 2 FAZ aS
=31 oek2 /% 7F &4 B5 a3Hwang et
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al. 2020) 5= A k.

g, GRS a4 TR 4 AE
| T opliedl 24, A,
473 4 Zo]of we} 03 ¥ B4 Yol g
TP, Ak}, FAH, FF Aol FHAHE A
of 9 gt A& T ot e UEhd 5
AcHNasri 2017). webA], &2 At s A
Ao|& HHgt nke-2oA PBL 54 7eEdlE
ol A% W3t ¥F, Wes % EF A AHI
oAe YTFS BAToEM, PBL 54 7HRES)
E9] JiAt & AAeA i BIE stk
sttt ¥ 3t Z¥= PBL &4 7RrEIES]
Hlﬂ& T A AT Aotar 7RAA7]7] ¢

A EA 9 EE 7hsAol digt 712AEE Al
Al@ Zoltt.
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. J+44

1. PBL 4 7}
Burol# A Bt 20 g2 800 mLo F
srofl dEret 5 121TColA 1581 IEve 4
MBI olF AlRE W7 S Vi

oz M=

S|l &4Ql trypsin(Sigma-Aldrich, St, Louis, MO;
T4799) 0.2 g& H7F5t 150 rpm 27904 6
A7 B9t Rl I(Dasol Scientific, Hwaseong,
Korea; DS-310F)& o|&3fo] a4 7IEdE
238519t 80TCOA 1087 549 AT 34

AX F 2,000 rpm_i A B 5lo] ARl

SEoli=0] AL & AEOAM OIXls &% 33

AREEL AT 4540 SA C5TBL/G) Th:
A5 FYAFEFE(Seoul, Korea)ollA F+5to]

ARESttt 7 552 BAE SHAEL 22 +
2°C, AHEE 55 + 5%, &7 124174124

ZhelA 7iE ARSI 15979 A8 T,
RAS FARIR AFATAl] AAFE (normal-
fat diet, ND; n = 5), ZA9]o] AF+ (high-
fat diet, HD; n = 6), ZA|92]o] 9 PBL &4
7R E A3+ (high-fat diet treated with
PBL, HDP; n = 6)7o & E&F3Itt Ag4o]
9] /3 Table 19 A|A=o] QIth. ND+-9] 4
AFAol= Aol HIZH o] F FFY
10%(Saeronbio Inc, Uiwang, Korea; D12450B)
£ X593, HD9F HDP#9] I A|i4lol= A4
o 2HE F7Fo] 50%(Saeronbio Inc; D12492)—E—'
A5ttt HDP#oll= PBL B4 7HrEsES
200 mg/kg b.w./day $£&F0& 7F7 AT Toq

Table 1. Composition of the experimental diets

(a/kg diet)

NDV HD HDP
Cornstarch 315 0 0
Casein 200 200 200
Maltodextrin 35 125 125
Sucrose 350 68.8 68.8
Soybean oil 25 25 25
Lard 20 245 245
Mineral mixture? 10 10 10
Vitamin mixture” 10 10 10
L—cysteine 3 3
Choline bitartrate 2 2 2
DiCalcium Phosphate 13 13 13
Calcium Carbonate 5.5 5.5 5.5

U Abbreviations: ND, normal fat diet; HD, high fat
diet; HDP, high fat diet with oral administration of
P. brevitarsis seulensis 200 mg/kg group

Mineral mixture: $10026 mineral mixture

9Vitamin mixture: V10001 vitamin mixture
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5t9loH, NDZ# HDolls 5Ye ¢ A9
£ 77 Folstglth. PBL ik 7HpEeiES] &=
52 160 mg/kg oA H]TE ul-9-A0] T3]
ot d 7F B35 g3t Yepgths o)l At
£ ZAZ AHEIHLee et al. 2022). Ad 7]
2+ W4 “019} 2 AREA AHE £ s
SR, A2 F 13, Ao] JHHS 23] A
g3t A7t —X*o}cﬂt} HE AY A 9 43
£ Addsty sEAESY Y3 (GNU-2304
19-M0069-01)9] 591 "ol A|gskqict.

3. A7 Yot ZAKOral glucose tolerance
test, OGTT)

BT FHst Arke A F= 152 A
SERIT. RAE 12417 A4
oflA dsto] 27] FF= S5k 75% E=
£HS 2 g/kg b.w.9] £FEOE HFE
30, 60, 120%°] sfigst= @F
on o]E &3 Wds(Glucose tolerance)
3= Elsiqitt. @92 AP EHE AfPsto] T
F=47|(Roche Diagnostic, Mannheim, Germany;
ACCU-CHEK Instant S)& &3l 453t

ST

st
e PR ¥R o ot 2 ot

ofr
H
f
A
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4. o S RX| R

A T2 T 124%F AAAZ] weAE
CO= thsfet H &7 dlsdoA AL st
At AF A A4E2]7I(GYROZEN Co.,
Gyeonggi, Korea)g ©]&5}o] 4° Coﬂlﬂ 3,000
rpmO & 2087t YRSt BAE EEsilH:
EH A7) & &3 7F 27 dF+= RNAprotect
Reagent (Qiagen, Valencia, CA)°l SA] @
T ARE A7HA] -80°CollA Hatkstirt. YA 2t
ZA T} A} 2A L AQER A Hst FAS

o] 272 X o] F&

Y53t F -80°CoflA EHshdtt.

5. SIoH MBIEIK BA

A9 triglyceride (TG), total cholesterol (TC),
high-density lipoprotein-cholesterol (HDL-C),
low-density lipoprotein-cholesterol (LDL-C),
TE g2 Al B4 7]E(Asan Pharm. CO.,
Seoul, Korea)& AR&sto] S5ttt d&d &
St A8 7]E(Crystal Chem, Illinois, Chicago)
2 A e’ A Ag(homeostasis
model assessment of insulin resistance,
HOMA-IR):= o2 Alof oJsf Al4tetAthjang
et al. 2012).

HOMA-IR = Fasting glucose (mg/dL) x
Fasting insulin (mU/L)/405

6. Real-time RT-PCR 24
7t 2202 HE O] & RNAE RNeasy Protect
Mini Kit(Qiagen, Hilden, Germany)& Ar&51]
ZZ35190th RNA 5% 4 $%= NanoDrop Lite
Plus Spectrophotometers(Thermo Scientific™,
MA; NDLPLUSPRGL)E AM&sto] Z7gst3irt.
£Z5 RNAE= QuantiTect Reverse Transcription
Kit(Thermofisher, Vilnius, Lithuania)& ©|-&
sto] cDNAZ ARSIt Real-time RT-
PCR E42 T4 DNAE ol&sto] SYBR
Green Supermix (Bio-Rad, Hercules, CA)2}t
CFX Opus 96 Real-time PCR System (Bio-
Rad)& AR&Sto] d¥stqitt. PCR §H 20&
95Tl 37 7] WA BAE Azl &, 95T
oA 15%, 60TolA 30%, 72CoA 30%2&
1 cycleZ 3t F 40 cycles® Z13YstATt. A
& o= 2k B-actin: 5'-

25 primer Al



DXUA0IE HFEH OFRANM SIFHEI0IZRX| RF2| 84 7IEoliE0] SoiAL X XEAN 0= E& 35
CCAGCCTTCCTTCTTGGGTAT-3'(Forward), Pttt Al 7ie] At 2k 7ol A4S A
5'-TTGGCATAGAGGTCTTTACGG' (Reverse); o] YAEAHEA (one way analysis of variance,
TNF-a: 5'-TGTCTCAGCCTCTTCTCATT-3' ANOVA)E AAJSH & Duncan? t5H9AA
(Forward), 5'-AGATGATCTGAGTGTGAGGG-3' (Duncan’s multiple range test)}& ©]-83}o A}
(Reverse). Threshold cycle(Ct) #2 AZALE] 3 BE4S S5ttt BE AY ZAde "Wt +
ARl w2t PG 4159 HsHE EAste] A EEHAE YeERlem P € 0.05 294 &

P e AT 7 A% 2R S A K98 A
Y AlZoA &A%t f-actin GIHFORE BHA
39]1, HD#} HDPi2] ACt #+& ND 9] ¥ m. A3t

&+ ACt ko2 Afatstoich

1. ME, AMo|g8E R =57/ et
7. SHXE F A2 dddo] 35 & AT IS &

HE A A 5t EAEML [BM SPSS® Zl‘oﬂ FoI3t Afol= HolA| Fkont, J_-’-Z]HJJO]

o aEua T
Statistics for windows Z=215-Z& o]-gsto] &= A%< HDZ(G.40 £ 1.30 g/day)? HD
(3.27 + 1.57 g/day)°llX] ND<2.00 + 1.42
Table 2. Body weight, weight gain, intake, FER, and EER of mice
ND HD HDP

Initial B.W., g 2032 + 10105 19.94 + 048 2038 + 0.74
Final B.W. (at 7 weeks), g 2232 + 1.61™ 2354 + 1.28 23.66 =+ 1.89
Weight gain (for 7 weeks), g 2.00 =+ 1.42% 340 + 1.30 327 + 1.57
Intake (for 7 weeks), g/day 256 £ 0.21° 2.14 + 0.14° 2.08 + 0.08
FER?(for 7 weeks) 0.02 + 0.01™ 0.03 + 0.01 0.03 + 0.01
EER®(for 7 weeks) 0.004 + 0.0026" 0.006 = 0.0024 0.006 + 0.0028

YData are expressed as Mean + S.D.

2Values with different alphabet within the same row are significantly different at P < 0.05 by Duncan’s multiple
range test.

JFER: Food efficiency ratio = weight gain (g/day)/food intake (g/day)

YEER: Energy efficiency ratio = weight gain (g/day)/energy intake (kcal/day)

Abbreviations: ND, normal fat diet; HD, high—fat diet; HDP, high—fat diet treated with 200mg/kg/day 2.
brevitarsis larvae; B. W., body weight.

Table 3. Weight of liver, kidney fat and abdominal fat tissue of the experimental mice

ND HD HDP
Liver, g 0.82 £ 0.13V? 0.75 + 0.03 0.77 + 0.09
Perirenal fat, g 0.46 = 0.12™ 0.59 £ 0.15 0.61 = 0.24
Abdominal fat, g 0.07 + 0.04™ 0.10 + 0.04 0.11 + 0.03

YData are expressed as Mean + S.D.

DValues with different alphabet within the same row are significantly different at P < 0.05 by Duncan's multiple
range test.

Abbreviations: ND, normal fat diet; HD, high—fat diet: HDP, high—fat diet treated with 200mg/kg/day 2.
brevitarsis larvae.
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g/day)°ll Bls S7Iet AFE HIlth I 2]o]
AFHFE A AolE AdF% HDH2.14 +
0.14 g/day)¥} HDP(2.08 + 0.08 g/day)olAl
ND+2.56 £ 0.21 g/day) tiH] F-2JsHA ZA
HERATHP0.05). $HH, 4Jo] &&(Food efficiency
ratio)o|t} ol x| &-8{(Energy efficiency ratio)

== 3 SHAHE

g3 349744 4 SYAHE 5EE Table 4
of] AAstdtt. TGSl 7%, NDwH(168.17 £ 4.54
mg/dL)°ll B]8] HDw(194.83 + 17.16 mg/dL)
N ReloHAl F7Fetl o, 1AAlo] 3T

oM PBL &4 7keEsfEe] Foie S9A12

N
o

N Ol
Ofy

0%

B2

U

2 ND<ol H|s} HD*3} HDPollA =2 A3
< Hoou BAA oS TEEHA At
(Table 2). A¥EES 7t 2% FA= NDT
(0.82 + 0.13 g)°ll BI3f HDw0.75 + 0.03 g)
I+ HDP=X(0.77 + 0.09 g)ollAl S715kA] ke
U A 8 A, 55 A 249] BA= ND
0.46 + 0.12 g, 0.07 + 0.04 g)°ll B3] HD
0.59 + 0.15 g, 0.10 + 0.04 g)olA 2F 1.3
v, 1.48] Z7151931(P)0.05) PBL &4 7155 3. @3 9, ¢i&dl 2 HOMA-IR

sfEo] 7+ 2Foju A 22 FAl| {23t 5 g, A&d, 9 HOMA-IR &4 A=

FZ AR F53ATable 3). Table 50 AA[SIAT. &5 EF2 ND ollA

FOIgt FRS vIAIA] FSEIAEHHDPE: 203.89 +
27.11 mg/dL). LDL-C E3F, NDw(296.33
13.20 mg/dL) tH] HD+(318.00 + 4.54 mg/
dDellA FolstA S7Fst3ial, HDP-(312.78 +
31.39 mg/dL)ollA= HDZ tiu] o3t Wsls
UehfA] Zatlct. 8H, TCeF HDL-C $X&=
o 7kl Refgt AfolE UEhA] ekttHTable 4).

I+

ek

Table 4. TG, TC, HDL-C, and LDL- C levels in the serum of experimental mice

ND HD HDP
TG, mg/dL 168.17 + 4.54V2 194.83 + 17.16° 203.89 + 27.11°
TC, mg/dL 296.33 + 13.20™ 318.00 + 28.07 312.78 + 31.39
HDL-C, mg/dL 50.31 = 2.44™ 52.64 + 4.40 4971 + 394
LDL-C, mg/dL 58.59 + 7.89" 78.59 * 13.27° 91.62 * 19.46°

YData are expressed as Mean + S.D.

DValues with different alphabet within the same row are significantly different at P < 0.05 by Duncan’s multiple
range test.

Abbreviations: ND, normal fat diet; HD, high—fat diet; HDP, high—fat diet treated with 200mg/kg/day 2.
brevitarsis larvae; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TC,
total cholesterol; TG, triglyceride.

Table 5. Serum fasting glucose, insulin, and HOMA-IR levels of the experimental mice

ND HD HDP
Fasting glucose, mg/dL 280.59 + 34.65™2 24723 + 13.71 24337 + 38.44
Fasting insulin, ng/mL 11.05 + 8.92® 9.64 + 401 10.66 = 3.57
HOMA-IR 2.86 + 2.19™ 221 £ 096 238 + 0.84

YData are expressed as Mean + S.D.

DValues with different alphabet within the same row are significantly different at P < 0.05 by Duncan’s multiple
range test.

Abbreviations: ND, normal fat diet; HD, high—fat diet; HDP, high—fat diet treated with 200mg/kg/day 2.
brevitarsis larvae; HOMA-IR, homeostatic model assessment for insulin resistance.
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4. WES(OGTT)
38 A FYE Aol 3

I AT Tt
30, 60, 12089] FFS Fig. 10 A4tk

5 gL 7 1l KTt Hol2 HolA] ok
o1}, g %o] ¥ 3080] NDZe| Hla] HDZe]

ggo] FolatA S/t L, PBL fA 7EG)
E9] ol G- NDFY $30 & 3|EA7]4
£ Eotglou, HDwol Hls A7l AT
VAT 304 AlFCIA BE 9] E3e] F

300 ~

250 4

200 4

2
e
E
g .
S 150 &
=
£
= 25000
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OGTTs were conducted at week 7. Data are expressed
as Mean * S.D. Values with different alphabet within
the same row are significantly different at P < 0.05 by
Duncan's multiple range test. Abbreviations: ND,
normal fat diet; HD, high—fat diet; HDP, high—fat
diet treated with 200mg/kg/day 2. brevitarsis larvae.

Fig. 1. Time—based blood glucose levels measured
during the oral glucose tolerance test
(OGTT) curve and the area under the
curve (AUC) of OGTT.

SEoli=0] AL 3 AZOAM OIXls &% 3

~

Ebty, €9 HkS 2A51H A (area under the
curve; AUC) ¥4 Z3, HD=¥ HDPTolA
NDoll Hl& f-9JstA S7FotArh(Fig. 1).

5. 2} 2% TNF-a mRNA 23

7t &4 TNF-a 57322 mRNA LdFHF
& EA3t A3= Figure 20 UEHASIL. G54
AOJEZIRIQL TNF-e9] 7<% HD#(3.53 =+
0.38)9A4] ND(1.00 + 0.51)°f H]3 3#j o]4t
=2 9SS B ow(P<0.05), HDP#2.15 +
0.59)°l41 HD+ tHH] mRNA &&d $50] 61%
FEOE Fhoks AFE EAtKFig. 2).

TNF-o

o

3 ab

Relative mENA leves

ND HD HDP

P, brevitarsis larvae treatment decreased TNF- «
expression compared with a HF group. Data are
expressed as Mean * S.D. of 5 rats per group.
Values with different alphabet within the same row
are significantly different at P < 0.05 by Duncan’s
multiple range test. Abbreviations: ND, normal fat
diet; HD, high—fat diet; HDP, high—fat diet treated
with 200mg/kg/day P. brevitarsis larvae; TNF-a,
Tumor necrosis factor alpha.

Fig. 2. Quantitative RT-PCR analysis of gene
expression levels in hepatic tissues.
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o F diAb A giA R G5 HEgol A=
T gotiy] flsiA B A AEGE
?l&d, HOMA-IR, ¥ OGTT), A& Al A&
(TG, TC, LDL-C, HDL-C), 9% ZZ Az
(TNF-¢ mRNA T&)E XA

& A A7, HDHolA] ND<Holl H]sf| 4]o]4
FEFe 99514 #Asta, TG LDL-Co] {9
A Z715t9oH, OGTT Zyjold 2y 89
A3 & 3089 d9-2 HDFOIA NDwol| B3]
GolstA Z71skdh. E3E, HDollAl NDol
vlg] 7+ 229 FZ(TNF-a) mRNA &d 40|
FHAl S7tetqitt. 71€ AT Avkse] wEd,
717t IAHRl0] AHF % intestinal barrier €4},
inflammatory signaling pathways &4}, "|EZ
cajot 7lsAel fE, HAd /A WY /L
2 4o I4 E A I35 LS, A=
< A 9 iR ALE Wefste] Qe A%
4 d ol FNAEFol fdE S Aok B
tHTang et al. 2024).

o, Al S 9 A 22 2A, 3
5 @9 9 Qled, 191 o] & £XE &8%
A4H2]91 HOMA-TR-S ND## HDwollA 52
gk Zpolg YERHA] ittt o]AL AA, 1A
Alo] AdFL9] Alo] AFF Aol oJgt AH
YA 9] ZhARE Qg AY 4= qUrh & AtolA At
B3 AYAFA]0l9] U= g F 3.85 keal,
A 0]9] o YA|= g F 5.24 kcal2 ALAY
2o]9] o 2|7} 1.44H EQtont, AR o]
AFItoll BIsh AFA o] AdFHoll A Folgt 4
ol dFFe ATt ettt A= AFIZ <
9] Bt 4Y AF ovA= ND+t, HD+, HDP
oA Z+2F 9.8, 11.2, 10.9 kcal/day® AR
Alo]Fto] AR HH7F A4 o]l H]g
1.1 S71et9lct. B4, 2 AollA ARest B4

el
ot g

8]

T

=S

i}

AHF4]o](Saeronbio Inc, D12450B)7F A5 &
F AN GA G (sucrose) HlEO] B £
(35% w/w)2Z ND#9| H|it 9 &g ¥ A&
of 9F= «© AY 4 Utk Blaisdell et al
(2014)9] A-tollA 671 B2t A A9 A
AH4lolet 5UTE Alo|(D12450B)E HHAIHAS
o et Al Hsf Feln|sHAl Also] Skt
2 A A, aAYAolE HF et mRe-AofA
TG, LDL-Co] A/gAg40] A3 vhe-2of H]sf
|5t S71oFAAIRE, PBL EY4l 4 7H4E
e Aoz QIgt EF TG, LDL-C 571
£ FoH o BA= Eoigitt 7129 AAE
AHEE o, PBL e+ FE2E52 1A 0]
2 §=3t H|9F C57BL/6] miced] 7537 EoIst
2%, Als 57t Fagk 9 gt A9 FA A4,
7+ FA A, 2FEEL HEAIDA(GPx) 2
CAT &7}, 71o|A lipid droplet 3 74, E%
TG, TC % LDL-C 4] g4 a3t BilE9)
(Ahn et al. 2019). 84t ofz}, 312]4k4 o]
%%t C57BL/6] mice°l|A PBL offgh2 &
= 145 3¢ Fol & 237}, Hintestinal) 9 L
A 22, AlF 9 7F 22 FA7E SN &
%= TG9} TC7F 43I, €% adiponectin
&7t 3716ktIm et al. 2018). ol#3t &
At AT} AP A 719 Ajol= PBLY] & ¥
7hEsl A Sl mE e ZEY Zolo
Al HIRESE 7ol A& Aol

PBL ©@¥d 7pialE2 St H4ks) 2t
£ HoF1 k. Lee et al.(2017)2 oA 71A]9]
T2 HolA|(alcalase, bromelain, flavourzyme,
neutrase, papain)® A|Z% PBL @@ 78
SHE9] At S ARSI 2,2-diphenyl-
1-picrylhydrazyl (DPPH) RCso %+ alcalase
151.99 ug/ ml, flavourzyme 149.28 pg/mL,

oo

:

rlot
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neutrase 131.43 pg/mLZEH, neutrase PBL
Hi3 71BeEEC] DPPH 2ttizd &4 E4do] 71
=9t} 2,2 -azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid) (ABTS) RCso#k2 alcalase 34.59
ng/mL, neutrase 42.49 pg/ml, flavourzyme
44.34 pg/mL €22 alcalase PBL @ 715
EolE2] ABTS =tz 47 &4do] 7 =T
Hydrogen peroxide RCso@t< alcalase 46.31
#g/mL, neutrase 58.16 pg/mlL, flavourzyme
59.30 pg/mLZ alcalase PBL Tl 71<=E5|
£9] hydrogen peroxide 2]z A&7 &4Jo] 7}
% &9tk Park & Lee(2023)% PBL @3 7}
TESES AYgHS FAF 3 ZF, PBL
flavourzyme T4 7l=EsE0] Nrf2 Wi7f &
L& &9 AML12 UR-A ZEA|ROA HyO, =

Ax 242 darze st

=9 6&%‘%— /s JAYsiE Park et al
TollA PBLY 70% AgHE FE5=2
Hep3B AﬂEOﬂH LPSE FZH Alx APES F3}
Aoz AP o™, TNF-¢, IL-18, L IL-62+
22 G354 ARlE7IRI] A/d7} NF-«B(nuclear
factor-£B) A% AG HAZE F-9stA JAIHA
t}. Kwon et al.(2023)2 B[t G-=9] i vke-
A HdlofA PBLE Tld TR
Aelote] 160 mg/kg b.w./day +F22 105
b 350 shlE BAE A, T
= Bx= iX]o]—Oi/Vq] ZF HMAM|Lo] ZAsH
4 7154 I8 Frsto] 340 E g
(R Olﬂif* 23Ls IAZ PBLY EY

2ol g A(alcalase)

N

=
9% 52

c

2, df

o 4
Y

SHH, B oA PBL B4 7EIES 1L

Aet HFs9 &4 A= 4
FE Vet 8350l e A4, 7 At o]
A3 D5 A= 9loH, dF 415 A2
9] AA7} F thAF A 71ofgtthE EA= o
2 AtoflA gRlE vt Jlek(Ullah et al. 2021).

B-aminoisobutyric acide TA9H4]o] BT &

T Yds 42 7R Y, 1kBe 014}?} NF-
kB 3 olF, AFA APRIEZIRIE frelstAl oA

34t Jung et al. 2015). Jang et al.(2017)—4
AoAE, dAUE & FE2E2 A0S
a3 A=A U5
1208 @9= oM AaARL, 5 9454
AP EZIRI(TNF-a, IL-6)& AAIX] ¥HA o}t
g2 S7HAH o o]t
AU g% WA FARe]
At wEbA &2 Aol A T PBL 34 TR
=9 Wgs M AFE A5 v AL A
E 71-o] ofsf wiAE A 7
B o] Asdo s PRL &4 75
Foi7F 45 diAL AR W 45 T A
Sk A% Hou, ds 2 1t &
& SARCE FolstA MAAIZIA E3t A

i
1o mju
of

o|t}, E AqlofA= d A9 Thld 7l=Ea)
AAE ARSI oY, 849 SR ue YA E
L weloluo] 247} Bejgro] gekd 4 9lo}
‘I}E}’ﬂ OG}:*T‘ ‘-ﬁ:rloﬂ/\iL 7]— oH g _,_‘4 Z52E
destAY, G4 7IESEe] Eof =1 9 7|7}

2 ks Slo] PBL Ak MR
A4 993

2ol W A
BIE TS| 9%t 71 A4t
gQst Aoz Aty Hrh
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moﬂﬂ A &=
20 gt A3/l Al 715/ WeEp|EEA|Y
71219} &g 7FsA4Jo] &0}, PBLOIA] st A
224 gepol=of tigh A= W Eeh Aol
weba], £ AtollAs A Aol AFTE uhe-
204 PBL &4 7pEsiEe] Griat 9 XA
Aol A= FFS LorE izt sheich AE 4ol
34 753 Foll, HDolA NDoll Hsj 4lo]4d

2 Go5HA #gAsty, LDL-SHAHEY TG
e FosHA S7Isk oW PBL a4 7
=9 B3 FoF dFS HAA Eoph
OGTT 23}, x84 H3 ¥ 3089 g2
HDoll4] ND<oll Hlsf f-2J5HA] S7Fsti o,
HDP#ollM = Fashes B3dE HAdoh E3 7t
Z2)9] dF T A TNF-¢9 mRNA &

A $52 HDwoA NDol| Hlsf f-2JstA 57t
st o, HDP#olAE HDwol Blsf Hashe
%ol U= ACE Utk dEHog, IAY
Aol AFRE vReLolAM PBL &4 7R
2 OGTTollA 7] 308 &% @9 452 o
A5k, TNF-a 44 4d 322 B5= 3

2 BoiFoth TAYAolS HH uReLo)A]
dhAka A4l g PBL fid 7R S5
¥ 9 g7)A ZE A5 Ae 7149 A
77} Wast
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