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Abstract

This study aimed to determine the anti-obesity effect of adding Wolfiporia extensa Ginns (W) to fermented pollack skin products
in an obesity-induced animal model. The experimental groups were the normal diet group (C), high-fat diet group (HF), dried pollack
skin (H1), fermented pollack skin (H2), and W of 0.1 (F2-WL), 0.3 (F2-WM), and 0.5 (F2), respectively. It was confirmed that
adding W to fermented pollack skin reduced blood triglycerides, total cholesterol, and LDL levels, while increasing HDL levels.
Wolfiporia extensa Ginns was effective in controlling weight and improving blood lipids in a dose-dependent manner. In histological
analysis, findings of fatty liver induced by a high-fat diet were improved by the addition of H2 and W. Size and density of fat
globules in the epididymis were decreased. In addition, the concentration of TNF-a was increased in the high-fat diet group, but
decreased by the addition of fermented pollack skin and W. In conclusion, adding fermented dried pollack skin and Wolfiporia extensa
Ginns was effective for weight control and blood lipid improvement. Thus, the use of by-products in functional foods is expected
to have a high value in the future.
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Shepagel Qe vholels Tl Park I
2016), BRI A A4 & FeH9] oF o} AA| 5y} U
¥ 7 F5 7HA B3K(Yang & Hong 2014), e ETda &2
A A4 5 9 HAE AstRIHLee & Kang 2018)
o] Utk

SEARY A Y 85 L o[ SBS PN 1A A1F
2% o P8R YRIHE We ALgolEr, Tt
A= #A S &5t S FAIFTHo 5 2009; Nam
5 2014, TATEOR Av 57 2L 24 FFRO
2 UEY 4F 20& T FSTEHS oH A
7 0¥l Welt WAE st} e of2iey S
= o= 7P} de] AMESHITH(Lee & Kang 2018). 54t
o 38429 FAAATE A FELEH 22
SAIBhET, YT, HeZA f3h AHKim 5 2009; Kim
SH 2011; Nam 5 2013)7} L, A4te] X2 315+ Z7tof wh
o choret wl s e S0 e s 2 571
ATH(Kim 5 2009), ¥ B, FART}, B Aota A
7} R E QI tH(Zhang 5 2006; Jin 5 2012).

E& (Wolfiporia extensa Ginns; Poria cocos)y | =3 o] &
g 52 BACE #7|E st aUF9 F7)7F gk A
5ol SAA B2 A& g9 on7} S0, el A
Ho] G/JstA] Zotd HeloA Hojxx] o HelE =9
A G #oo] Yt RS BAlolehn Rav o] 42
< Qlofar B4 AxS =27, dHs AL 59
Ho|z}tth(Lee SI 1998). 2 A9 Fejof AAgst=
FAo] simo] Sotel FHES AZF AOE (Lee SI
1986; Lee JY 1988) TS Q80| 11, (2] Aj7zto] w4
QA9 WEE ARFA AL BBYOR P ErkLee
SI 1986; Lee JY 1988). 55 9] /&2 ghpshs, A5, thl
Q, 71, 22olo), B39 2 o uAS A} UL,
ASPIARE 52 Bgol ATsE Yol AR, B,
[EHo| a0 tH(Lee 5 1974). T3 7H) L & Aol
£ SHohs W71 2 VIR ES s AEEE
3 ARG S AT} Be] AL o|ugo] g T
=9l 3-1,3-glucan®] pachyman©] 1l ergosterol, lecithin, histidine,
adenine, choline 5°] §H3-EF|o] glom F% AJEo] B-glucan
o, U] ofF 470l terpene 5-°]THKim SM 2011).

559 FRAEQ 2 HigAQl or|vtthg-Re] o
e A== sarcoma-180 A Tt FAEE H HAS
Z1&-E(Lee 5 1990; Kwon 5 199), BP0 259 §
Askehd @ 9= aTHLee D 2016; Oh HK 2019), 2]
AFAA 22| FU AT Chang HY 2023), BT E FEE°
TEAE FAAA 2y, 1Y I 85421 ACES] A5
B (Lee D 2016), B3 FH2ZE0| A5pH AEHAZE

B AAAE B35 EIHOh HK 2019), B8 oet22&E9]
FAsE 53 9w RaR S22 G3KPark SG 2020), £
A Y] AkSE B4 F opEAlY A 7]5(Kim 5 2002;
Sekiya 5 2003), k= T v AA| 5y 9 FF FHAHE
G I(Hattori 5 1992), &= FEE9] EF AEE 7N
Aa3 (Yun 5 2006)7} H I EQch

£ Ao WA FEigE S SRS & dnjE
1A IR FAAEREY 5 AW Ex2 S S
F= 599 AYA a3E H1A 513U C57BL/6 mices
A %H(High fat diets) 4]o]|= §LgF H|TE 5204 AF5F
7}, Alo|8g, EF5 AW 9 JHTaTE Ao EH,
FHAAL =T 5P 290 g3t vntfA 2 Azt
M 252 B7FstaA shaith

1. AIEF M=x g
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of AEA|(100 g5 Z7Isto] Edeeqiet. E3h, ol
A AT T2 AXT AE FE Y] FEEE Al & (Migang
Company, Daegwallyeong/Origin Russia)E 7}2 1 cme} A=
1 em 272 ZA At +572 FHS A2 2E 2
A& Z<=7]|(HD-WH198, Hongsam world, Incheon, Korea)o]| 4]
90~95TC, 3~4AIZt F5510] 13 S5ES WL AXR7]9
A 60~70T, 20~24A17F Axol= DAIE 93] wHEsETh
(Chun & Park 1999; Lee & Kang 2018). J-5LE & F]AJof A
TRt AnlE ZokA] 20%(wiw) 40] 40T FL27014 29 &
oF W A ZTHUm % 2010; Cho 5 2014; Lee & Kang 2018).
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(250 mL)of| do] AFAFSHA stoict. x4 o] Blvks&E
298 G557 Y5t 55735Y )52t 1A HH(High fat diets:
40 kcal% fat)2]o]|(Table 1)Z A HFHASSER G5
S AEEd FHgdEs Ty EYEYS IATAE]
Aol Afgolst] As57t Aolag, 5
H[GERIA ) 2= JFS BT HAd4]o
O IAGAo|HHF)E FAUoH AFTL
(5% FHAALEE 5% S5 BEHES Tt A
(0.1%), 5(0.3%), 1(0.5%)ys == AT Ao] Abzo] 4o
£ 7] ABEOR PHs] A2 AB/IE 8AAF) BU
AFFOILE FFAL FEAS BT AT
6347 852 dotEQth(Warden & Fisler 2008; Lee &
Kang 2018; Kim & Kang 2021; Oh & Kang 2021)(Fig. 1). H%]
w2 o) st W AR 7] 63014 105 Afo] 7|7k
o S5 ZAeT, 85 9H SES 24 UCP B
o] FoJ3t Aol & l‘i‘?l AR A2 o] EEEE“(DIO)—
{3 ‘IH 9% A3loz 3}rh(Kang SA 2002; Park 5
2015). & A9 B2 AsE oY 9 AR 7ol 5.%5]
= Be S Ecton, SEESHAE: 1914 5

Table 1. Composition of experimental diets
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(d/kg diet)

Ingredients C HF F1 F2 F2 WL F2 WM F2 WH

Casein 210.0 265.0 265.0 265.0 265.0 265.0 265.0
L-Cystine 3.0 4.0 4.0 4.0 4.0 4.0 4.0

Corn starch 280.0 0 0 0 0 0 0
Matodextrin 50.0 160.0 110.0 110.0 110.0 110.0 110.0
Sucrose 325.0 90.0 90.0 90.0 90.0 90.0 90.0

Lard 20.0 310.0 310.0 310.0 310.0 310.0 310.0

Soybean oil 20.0 30.0 30.0 30.0 30.0 30.0 30.0
Cellulose 37.25 65.6 65.6 65.6 65.6 65.6 65.6

Mineral mix. AIN-93G-MX 35.0 48.0 48.0 48.0 48.0 48.0 48.0
Calcium phosphate, dibasic 2.0 34 34 34 34 34 34
Vitamin mix. AIN-93-VX 15.0 21.0 21.0 21.0 21.0 21.0 21.0
Choline bitartrate 2.75 3.0 3.0 3.0 3.0 3.0 3.0
Nonfermented pollack skin 0 0.0 50.0 0 0 0 0
Fermented pollack skin 0 0.0 0 50.0 49.0 47.0 45.0
Wolfiporia extensa 0 0 0 0 1.0 3.0 5.0
1,000 1,000 1,000 1,000 1,000 1,000 1,000

Fat % (Calories) 11.7 40.0 40.0 40.0 40.0 40.0 40.0

C: normal diet, HF : high fat diet, F1: HF + nonfermented pollack skin (5%(w/w)), F2: HF + fermented pollack skin (5%(w/w)). F2_WL.:
HF + fermented pollack skin (5%(w/w)) + 0.1% Wolfiporia extensa Ginns, F2 WM: HF + fermented pollack skin (5%(w/w)) + 0.3%
Wolfiporia extensa Ginns, F2 WH: HF + fermented pollack skin (5%(w/w)) + 0.5% Wolfiporia extensa Ginns.
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Fig. 1. Experimental design.

4. 3 M35t 24 (biochemistry)
A9 %‘-i /\Vdoﬂ -E—WE‘]“—OEE—H g X Ha = tﬂ‘:‘ =

Japan) 2. 4 ]'O]'Odq' éoh’]/\]'o A}- OHHL (TNF-) (InVItrogm, Cat.
No.BMS 607-3, USA)7|EE gk WY SZHH(ELISA) H-8-2
A7l & ELISA #|t]7|(AllSheng AMR-100, China)E ©]-8-5}0]
TNF-a(pg/mL) &g E4151cH(Yoon H 2015).
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$3t] A% BAAULS 5 um FAZ ALHAT HLE
(Hematoxylin-Eosin) @A} FH|gE A< IAEH 5 um
S ARE feseolsd] RAAY T xylene S0
Saleh e, 92 Y4abios AUt 8 A
517] 95} hematoxylin(Harris hematoxylin, MUTO)®f| 587t
FASEL FA o] Fwof wet EATF S AT Al
4 QNS HEE Puo| WYY FHEELeA|S A|2E
Bosin8 9ol 22 50t Q4S5 edstel JTUFHAL
ARG 2HEL Az Gl H L Feoby B
2 F5+u|7 TS100(Nikon, Japan)Q 2 +25}9iTh
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rlr F

6. SH =M

A A= B AT EEUA o g el 24 +
719] H|WE A= Software StatView Program(version 4.51,
Abacus Concepts, Berkeley, CA)Z ANOVA EA %] ols}
o] 8942 AP AFEAAEHE-E Duncan’s multiple

test® 5% F-2l520] 4 X BT,

o] ;<] o}OLEIr /u
4 OJOﬂ EEA ASHSE Hoj&E A= Fig 20 &
oFt A= AsH Als ke A= 5539
eEe 5574t FAF4lolet 1A Aol R —? Xé”ﬂhﬁi
(O BHASo] 27.241.5 g, TAYA]o|7-(HF
352428 g9 BES At o= X]‘%M 0101] 9]5toq
HTHS Rk AeolA SAHCE [-ofstA Aol AR
I o] AFolA AHE JNAISHAT. 452719 Al &
C 9] AEL 28.4+0.8 g0 & 1.2+0.9 g9 H|Z0] %7}2-1@,
HF 32 A5 S7Fg0] 4.0£12 g0 2 /<ol Hlste] 54
Ao g [olZRl Zo]7t AATHp<0.05)(Fig. 1). F AF717F
5ot 512 A2 AFL C, HF, Fl, F2, F2+WL, F24WM,
F2+WH #7bof| 9421 2tol & UetfiA] etovt &4
A7), FHFAEEAF2), FHAER AT 5 5
S A(F2-WL), F(F2-WM), J(F2-WH) 552 H7Het 2o
A Zradhe AFHS BTk HF 22 131.8443 kealo] H]
sto] F2-WH 9] 2]o]Ad%3F 101.5+5.4 keal 2 7ATS &
o ASIth(Fig. 2). o]= A2 o] HFHE F71HH Alo|as
= 570l o5t RF= A2 A Lee & Kang
(2018)2] AollA= FHAE =2 FHiAd AnERES
E@‘J’ MO]E Xﬂ—l—o]— 7%_,4. A]o]/‘\jﬁak.g_ 0:]’6322_ l:ﬂ-x]o}ol—

g

t}. Yun 5(2006)2] @0 oot AlR e 1 A|HH o]
= 4 59 FE57 A7ROIA FAR Zol7t /I, Als
7S B0l F7ROIA ASS7PE dads EA
ot

QL A ARPA o] Fof| Hsto] e A (FL), FEE AT
a7(F2), FEHgddadol 39 v=5 A(F2-WL), 5
(F2-WM), 1L(F2-WH) sE& H7}et oA AS57HEE
BAAHCE [Tt A FAFE EAThp<0.05). F2 9

A% Z7VFL 2.6+12 g, F22-WL 22 2.1+1.3 g, F22WM &
20+£1.4 g, F2-WH 22 1.7+14 g0 & B X7} ko o=
sto] BAH o= Fol5HA Woldg HYrhp<0.05)Fig. 3).
AR HF O 2 9lske] Q& H|WFS X &Aoo Z 25kl Q)
I(Kim & Yang 2006), 1|7t AE 0] 838t 7= o 9]
Z|9kRoh & Jung 2012; Lee S5 2012; Park 5 2013), F&5t
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Fig. 2. Change of body weight calorie intake among experimental groups. Each value represents the mean4S.D.
"Significantly different from CON vs DIO (p<0.05). " C: control, DIO: high-fat diet induced obesity animal, HF: high - fat
diet, F1: HF + pollack skin, F2: HF + fermented pollack skin, F2_WL: fermented pollack skin + 0.1% Wolfiporia extensa
Ginns, F2_ WM: fermented pollack skin + 0.3% Wolfiporia extensa Ginns, F2_WH: fermented pollack skin + 0.5% Wolfiporia

extensa Ginns.
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(HF)& 124028 EAF 072 §9]2 07 &=Qtth(p<0.05)(Fig.
3). ESF aAA] o] Fof| Hsto] eI AM7A(F), S
AU FH7RL(F2), FHAdEad 7o) 599 528 A
(F2-WL), S(F2-WM), JL(F2-WH) F=2 H7Iet woflA 24
S Hol1 E9|, YA sl EHY 58
TEE VIR #(F2-WH)XZ SAH o= 79|51 4t
CHp<0.05). o] 3t Ait= A& Fol-gFof wet Ao]aEo]
FastHA Age oUAHARE £715H Erh(Han & Han
1994). FHAAERES F=0 w2t Foigt FoA Alo]l&
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Fig. 3. Weight gain and food efficiency ratio among experimental groups. Each value represents the mean4S.D.
*Signiﬁcantly different from CON vs DIO (p<0.05). **Means indicated with different letters are significantly different among
DIO groups at p<0.05 by Duncan’s multiple range test. C: control, DIO: high-fat diet induced obesity animal, HF: high - fat
diet, F1: HF + pollack skin, F2: HF + fermented pollack skin, F2 WL: fermented pollack skin + 0.1% Wolfiporia extensa
Ginns, F2_ WM: fermented pollack skin + 0.3% Wolfiporia extensa Ginns, F2_WH: fermented pollack skin + 0.5% Wolfiporia

extensa Ginns.



IE HAts 23 fARME EATHLee & Kang 2018).
3. EI1FAI9| Hat
A

A5 E A7 FA A, 7F APEEI)E Fig. 40 Hof
I Utk tiFE A7S0] BAdthRate] Histe] 1A
o|ZofA HIjsiX AL g2 Hrh Ty AlmEd FH)
A-AAGEI} 57 FojgoA] 1AFA]o]Lof H]sto] A%
I 7t 59 A71oA ZolE Btk &3] A% FA= HF
2 187.943.0 mg, HEZ sEEE H7KSE FolA F2 2
180.6+7.0 mg, F2-WH -2 175.7£6.0 mgC &2 E-& & 7}o] 9]
Stof BAHCE FOSHA TATE WA TH(p<0.05). 7F
9] A= HF -2 1,594.5+188.8 mg, F2 2 1,407.8+ 113.8
mg, F2-WH -2 1,416.2+75.7 mgOl. 2 B 9] 15 7o
oJsto} BAANCE [ootA FATE IETHATH<0.05).
B} Aol A B FHAHES] B FH N Qi 7t
ofj Al AF A} o] FA/go] Fsto] | Fo] FA = o] 7t F
A S7F L A 7F @S 2ok 7He] A1 g =
AHE o] S7Foke A7 UATHKwag & Baek 2003).
F8 A7) F 1T A 2Z oA 2ol & HRl Aib= Ao
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4. X|dtxZlo| 27|Hi5}

AFSE Woll A FAE &, A7, FebE g,
P A= Fig. 50 HolSa Qo Rargk Ake] AHe=
C °] 512.4+148.5 mg, HF 0] 2,064.3+127.6 mg, F1 0]
1,683.9+223.4 mg, F2-WH 72 1,509.1+164.3 mgO. 2 E3
7tol oJsto] EAH o2 [oJ5HA Rolxl A& TAE T
(p<0.05). Bu} 2¥} A= C o] 394.6+101.1 mg, HF 0]
891.4+31.8 mg, F2 0] 642.2+66.3 mg, F2-WH -2 574.1+
350m g0 2 EF 5% H7lo] st} BAHOE |5
A TEE A TH(p<0.05).

v HAE AHEo A FHEAERES sEEE
Folgt A¥k(Lee & Kang 2018) H= R0 {94 U=
AolE HACEXN & A} FARE 23S Hoh
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Fig. 4. Organ weight changes among experimental groups. Each value represents the mean+S.D. ‘Significantly different
from CON vs DIO (p<0.05). **Means indicated with different letters are significantly different among DIO groups at p<0.05
by Duncan’s multiple range test. C: control, DIO: high-fat diet induced obesity animal, HF: high - fat diet, F1: HF + pollack
skin, F2: HF + fermented pollack skin, F2_ WL: fermented pollack skin + 0.1% Wolfiporia extensa Ginns, F2_WM: fermented
pollack skin + 0.3% Wolfiporia extensa Ginns, F2_WH: fermented pollack skin + 0.5% Wolfiporia extensa Ginns.
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Fig. 5. Fat tissue weight changes among experimental groups. Each value represents the mean+S.D. "Significantly different
from CON vs DIO (p<0.05). **Means indicated with different letters are significantly different among DIO groups at p<0.05
by Duncan’s multiple range test. C: control, DIO: high-fat diet induced obesity animal, HF: high - fat diet, F1: HF + pollack
skin, F2: HF + fermented pollack skin, F2_ WL: fermented pollack skin + 0.1% Wolfiporia extensa Ginns, F2_WM: fermented
pollack skin + 0.3% Wolfiporia extensa Ginns, F2_WH: fermented pollack skin + 0.5% Wolfiporia extensa Ginns.
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Fig. 6. Blood lipid profiles changes among experimental groups. Each value represents the meantS.D. “Significantly
different from CON vs DIO (p<0.05). *“Means indicated with different letters are significantly different among DIO groups
at p<0.05 by Duncan’s multiple range test. C: control, DIO: high-fat diet induced obesity animal, HF: high - fat diet, F1:
HF + pollack skin, F2: HF + fermented pollack skin, F2_WL: fermented pollack skin + 0.1% Wolfiporia extensa Ginns,
F2 WM: fermented pollack skin + 0.3% Wolfiporia extensa Ginns, F2_ WH: fermented pollack skin + 0.5% Wolfiporia

extensa Ginns.
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Fig. 7. Blood GOT, GPT, blood urea nitrogen and creatinine changes among experimental groups. Each value represents
the mean+S.D. “Significantly different from CON vs DIO (p<0.05). **Means indicated with different letters are significantly
different among DIO groups at p<0.05 by Duncan’s multiple range test. C: control, DIO: high-fat diet induced obesity animal,
HF: high - fat diet, F1: HF + pollack skin, F2: HF + fermented pollack skin, F2_ WL: fermented pollack skin + 0.1%
Wolfiporia extensa Ginns, F2_ WM: fermented pollack skin + 0.3% Wolfiporia extensa Ginns, F2_WH: fermented pollack

skin + 0.5% Wolfiporia extensa Ginns.
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Fig. 8. Blood TNF-alpha changes among experimental
groups. Each value represents the mean+S.D. “Significantly
different from CON vs DIO (p<0.05). **Means indicated
with different letters are significantly different among DIO
groups at p<0.05 by Duncan’s multiple range test. C:
control, DIO: high-fat diet induced obesity animal, HF: high -
fat diet, F1: HF + pollack skin, F2: HF + fermented pollack
skin, F2_ WL: fermented pollack skin + 0.1% Wolfiporia
extensa Ginns, F2_ WM: fermented pollack skin + 0.3%
Wolfiporia extensa Ginns, F2_WH: fermented pollack skin
+ 0.5% Wolfiporia extensa Ginns.
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Fig. 9. Histological change of epididymal fat tissue
(%x200) by H&E stained (A), hepatic tissue (x200) by Oil
Red O staining. (A) H&E staining of epididymal fat showed
that HFD signifcantly induced adipocyte hypertrophy, and
the size of adipocytes in tissue was signifcantly smaller in
F2-WH group than that in HF group. (B) Oil Red O
staining results showed remarkable deposition of lipid
droplets within the liver in HF mice. As fat accumulates
due to a high-fat diet, the density of fat increases and it
becomes dyed red. Arrows point to lipid droplets.
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