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Effect of Three Seaweed Extracts Prepared Using High Hydrostatic
Pressure on Anti-Obesity Activity in Mice Fed a High-Fat Diet

Jae Hun Yang, In-Ah Lee! and Na-Young Lee*

Department of Food Science and Biotechnology, Kunsan National University, Gunsan 54150, Republic of Korea
"Deparment of Chemistry, Kunsan National University, Gunsan 54150, Republic of Korea

We examined the effects of three seaweed extracts prepared using high hydrostatic pressure (HHP) extraction on anti-
obesity activity in mice fed a high-fat diet. The extraction yields of LH (laver extract produced by HHP processes),
SCH (sea cabbage extract produced by HHP processes) and SMH (sea mustard extract produced by HHP processes)
from HHP treatment were 11.32%, 28.61%, and 12.05%, respectively, with desalinated sea cabbage exhibiting the
highest extraction efficiency. The body weights of mice fed a high-fat diet supplemented with seaweed extracts were
monitored, and after 5 weeks, the body weight of the SMH group was 18.95 g. The triglyceride levels in the SCH and
SMH groups were 106.55 and 100.40 mg/dL respectively, while the SCC group showed the highest triglyceride and
high-density lipoprotein cholesterol levels. The LH group had the lowest levels of low-density lipoprotein cholesterol
levels among the extract-treated groups. The glucose levels in the SCC and SMH groups were 155.81 and 263.56 mg/
dL, respectively. Histological differences were observed in the liver and adipose tissues of mice fed a high-fat diet
supplemented with seaweed extracts compared with those of mice fed only a high-fat diet.
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N B
HRS U AJuke] gt 24 0 2 013k thA Ao = et
o, FHASES, A2y T, oA AET, A8 43 5

3} o Ay fHkQ 9l o & Z-8351t}(Jobu et al., 2013; Lavie
et al., 2014; Longo et al., 2019; Kim et al., 2023; Ma et al.,
2024), 3k, AR Aol A WS 2 AFBAAT} 2 0
AZ5Eo 2 o]o] A 4= QIt(Wang et al., 2024). 3| 4] AJAF
El= 25 S AEEA 27 vH R F(microalgae)e} A
EHZ:-[ET(macroalgae)E Ul th(Plaza et al., 2008). 3|2 5F+= A1
& AR nel T2 5, 22T, R2RE BE6 3252 o
ofal gjzBo] T2 Az ul 314 27 So| uie} gefAlc
(Santhoshkumar et al., 2023). 3] 2F+= F2 A SAHOZ o]

FEjo] grom o] & AAEI} 9 AFo| 71 2 %
2 AAgH(Do et al., 1994). T3, |27 ok, AlR, A%
HA7ME 5o 2% o] 851 Qltk(Lee et al., 2010; Lange et al.,
2015). SEukeke] 8 4§ S2 5] AR OFAlo] oJ3t A)
Abo] 120 1] Z-5 2} gHch(Park et al., 2007). 32572 =] A4
ARFS- 2010 =0] oF 917HE, 2015H == oF 1217HE, 2022
Hxo& oF 1739HE 0] AYALE]of(KREI, 2023), 1 AJAFS
7kt Q= %‘—*ﬂ = Holal gt} 2ol thd, AlolAd
o, Eas} Ak ‘3—4 g =4 s g2
CheFRt Aol %L%EI of = AL HuEy glck(Kimetal.,
1995; Gupta and Abu-Ghannam, 2011; Mohamed et al., 2012;
Lange et al., 2015; Ganesan et al., 2019; Huang et al., 2022;

Matos et al., 2024). 2119} (high hydrostatic pressure)> 4]
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279 714 ol g3te] Az

9 7Hg V& & B Lo R AEE = vE 715(non-thermal
processing)7] &2 A, 25 100-1,000 MPa =2 & 2+
3ttk(Han and Jeong, 2005; Park et al., 2010; Zhang et al.,
2023). 231910 o2 AZ oA n| =] E2/d5HAgregan
etal., 2021), T2 WHA](Hong et al., 2007; Park et al., 2010),
ZFZ(Corrales et al., 2008; Teles et al., 2021), =4 2] H3KLiu
et al,, 2016) 52 AIE UEpdHTh =3, 231910 A% A8
& AEo) A7} o), AR 5o) A% B vl
o] Hth(Koo et al., 2007; Lee, 2013; Liu et al., 2023; Zhang
etal,, 2023).

2 AFolAE B7kE s A8E BT R[] 7leaA
8 7= EAlsh] flall 359 s 2ol 2119t 7] o]
&oto] AxH s FE=o] LA o] Fof nh-A0] g
Tk 2ol vl 2] = gaFol sl drobE iz} g

202 xX2lof 2ot six FE= M

il

2 Qo AR AR sjFFE 2018-2019W 0] Y3}
o, 718 A48 (Gunsan, Korea)oll Al - 3ko] ARE-
skl

[e)

, CFAlTK(Saccharina japonica)®} 1| <(Undaria pinnati-
fida)-& SAME o] 244K Shinan, Korea)ol| 4] 4] 5}o] AFR-S

gk iz FEE ARE 98 4, chAnh 2 v 2]
(Hmf-3800ss; Hanil Co., Sejong, Korea)= 2f5}o] AR5}
ek ARE ARE 10 cm2 U A2} BEE B of
&5to] A&7 3 337t Fofl JA AA = AAT F 124]
7+ €<4=3}o] 50°C convection oven (Daihan Labtech Co., Na-
myanju, Korea)o| A =2¢tgo] 10% o|st7} & wj7bA] =
Shele s 270 2AUPAYE flof dn AT S S5 Al=et
B o vla-& A5k sl 70% g3 27F:70%
ethanol=1:1.66)2 Z7}slo] 34 sl o, 2% A
= SHPH4A Y 7] (ISA-CIP-S30-200; Ilshin  Autoclave
Co., Daejeon, Korea)& ©]-8-5}¢] 24°Col| 4] 3,000 kg/cm, ] ¢
22 30 5ot A-85hle. 2319 A2 H Al ' Al =] 40
2] 70% ethanol-& 7}a1e] 7217} E-9F AF-2-0f| A S8} ).
FE5-2 oJ7X|(Toyo Roshi Kaisha, Tokyo, Japan)S A3}
o] ojFslar 314 SEF 5=57](R-300; Buchi, Flawil, Switzer-
land)2 553t & 3527 27](OPR-FDU-5006; Operon,
Gimpo, Korea)& FZ7x3513tt s F5252 HFE=
(laver extract, LC), 2119} o] 835} Alz2H 71F=E=(laver
extract produced by HHP processes, LH), THA| 0t (sea
cabbage extract, SCC), Z31Y-2 o8-} A|=H ThA|ufS=
+(sea cabbage extract produced by HHP processes, SCH), T
& %5 (sea mustard extract, SMC), 21192 o]-&3}o] A%
Fl 1] )32 E(sea mustard extract produced by HHP process-
es, SMH)= A| 25t om, Al 28 Al g 2 FHi= 45t

3E = FEE 24 27

o] -18°Cof|A W5 Bt |27 2552 55 &%)
2 1= /AR FA X 10022 o] AEs3iT
MBES 9 Aol

A eES 557 C57BL/6 =3 vf9-AE sdAHEES
(Central Lab. Animal Inc., Seoul, Korea)ol| A G-¢15 ,

9, AF
L3 2% 22+ 2°C, A5 = 50+ 10% Z70f| A 124)7F
221 9] vt 271870l A AR BTk, mhe Ak i) 572
Ajo] 9 817 4¢3 Alo] AHgE e,

T2 GRHA o5 A3t /4] ol (normal diet, ND),
A4 o] (high fat diet, HFD) 51 21A[4{o] o] F&<=0]
vl sx FEE AT #Rste] sttty Ay
2]0]+= 45% kcal high fat diet (D12451; Research Diets Inc.,
New Brunswick, NJ, USA)E o]-83}% o, 15 5ut|4]
6 &R AABFRT s 2= Aol ALAEA{oof LC,
LH, SCC, SCH, SMC ¥ SMH #Z%& 200 uL (1 mg/mL)E
i HFo] SFAAL, =3 Alol= AHrEAl SE s AlF
WIS 65 31 ol UHT 7o) Zoiein Bol @ x4

4L 913 Alo] ol 63 F ZERAL ol §3to] 14 5 A

NS A3t & 7 BRI ettt e YR
(10,000 rpm, 10&)E st BHS Eelstgor, 3 U 37|
£ -80°C Y aro] Hasiiict & s 5EAYY
39| A4S Fretdl oy, itsh FEA S YU E

5¢1(2020-05)2 o} = =]

A 3 triglyceride, total cholesterol, HDL-cholesterol 2!
glucose =2 54 7] E(Asan Pharm. Co., Seoul, Korea)E
o]-g-sto] F£ASFITE. Triglyceride= A4 Al2F 3 mLo] @7
0.02 mLE #5531 Eate] 37°Col| A 10271 9h-3-3 5 550
nmel EHES 2otk

Total cholesterol 2! glucose T=F 42 &3 0.02 mLo| 2+
Zko] f A Al 3.0 mLE 7Fsto] &gbstal 37°Cof| 4] 51t b
23F & 492 nmoj|A THEE =438} th. HDL-cholesterol
2 AT} EE] AHE EFFsto] 1027F Aol 4] Bhg-star ¢

0

O

AE2](3,000 rpm, 10 min)g & &gt A5 0.1 mLeo] &
A Ao} E51so] 37°Cof| A SE7F B35l 492 nmol| A &
I 5 A5k EA5EI T LDL-cholesterol A&l of 9]
3| AlAFSFATE.

7 2k 22 o] Bl x| JHE Zh7F Ardsio] 10% E
2y golo] 1A & uletyo g uste] AH3F oS &
2] §ul &etol o) A2st 3 A 3H-S Hematoxylin & Eosin
(H&E)°o.2 |Asoct. GAE 222 3shd ] 4 (BX53F2;

Evident Co., Nagano, Japan)< ©]-8-5}0] £445}¢ Tt

A AT B W EERAE ek glch 24T A



28 YT -

3t EA 2 el 6214 74-L SPSS Statistics 29 package pro-
gram (IBM Corp., Armonk, NY, USA)E o]-8-35}0] FAHLA
(ANOVA)Z 3t 3 Duncan’s multiple range test® -2
59% o[ H(P<0.05)°1/4] 591 o] 2 BAjIsict.

\o
o

2 APAL 20¢ 7|4E ol §dto] ARE HE 22T
o TAHAjo] Foi e nk-20f gulak Tajo] mlX|t oS
sIs7] 913 352 Sk FEEL AL} 55 42T E
gtk iz $2BO) 55 8-S B3 23 LC,SCC L

9131, 2319 o] §5to] Al LH, SCH % SMHO| 5%
TEE 47 11.32,28.61 ¥ 12.05%% &1 %] %It} Kim et al.
(Q011)& AHAZALE o] §ote] mloiAIZRE 2rhg e 35
B A A SRR 25 ol F7IATL Buslg
OF. Na etal. (2014)2 S72] 2 W 82| 4% ol
AFE, GraE, SFE ¢o 8 &0 S8k Hisks]
t}. Kwon and Youn (2015)2 £ 0.2 HE 2O FEA] 211
L, Z1Rl7helTh B S o] 48 2T} 239k o] 4 A) Zek
O] & &0l A vehdthaL Harskgich & Aol A=t
APHE o] g3ko] ARE 2EB0| B 25 FRS LERYY
on, 239E o]-&3te] s FEES AlE Al sl wet
F5 TEY Aol & Hol= A o= FRIE

HE A 2T XNEGE Het

2918 ol 5}o] AZH B2 3252 Folof the LA
of k920 A WS L BF FHAF, 5592, HDL-

o]glo} - o]uteg

Body weight (g)

Experiment period (week)

Fig. 1. Weight changes in mice fed a high-fat diet supplemented
with seaweed extracts prepared by HHP treatment. HHP, High hy-
drostatic pressure; ND, Group fed a normal diet; HFD, Group fed
a high fat diet; LC, Group fed a high-fat diet supplemented with
laver extract; LH, Group fed a high-fat diet supplemented with la-
ver extract produced by HHP processes; SCC, Group fed a high-
fat diet supplemented with sea cabbage extract; SCH, Group fed
a high-fat diet supplemented with sea cabbage extract produced
by HHP processes; SMC, Group fed a high-fat diet supplemented
with sea mustard extract; SMH, Group fed a high-fat diet supple-
mented with sea mustard extract produced by HHP processes.
“*Different letters indicate a significantly different by Duncan’s
multiple range test (P<0.05).

Fe 26| % LDL-Se 28|12 P B4 234 Fig |
W Table 13} 2}, wh$-2e0] A FWsHE I3t 23 ND 9
HED 4o]29] 3% %7] B3 BRAE 242

2

17.67 2 17.79
g0 SlE|glon], 5% Foli 247} 19.12 4

22219 go &

Table 1. Changes in serum lipid composition of mice fed a high-fat diet supplemented with seaweed extracts prepared by HHP treatment

Samples Triglyceride (mg/dL) Total cholesterol (mg/dL) ~ HDL-cholesterol (mg/dL)  LDL-cholesterol (mg/dL)
ND 114.88+10.2532°1 118.77+25.072 39.48+13.342 56.31+13.032

HFD 126.19+11.482 183.70+£19.47¢ 68.79+7.50°° 89.67+19.88°

LC 130.75+23.45 161.51£19.17" 59.0547.64° 76.30+13.39%

LH 119.44+42 562 152.67+35.31° 60.52+13.63% 68.27+24 242>
SCC 136.51+18.41° 174.86+14.26 70.1746.10° 77.394£10.920¢
SCH 106.55+29.862° 164.38+19.88 67.76+4.44 75.32+31.29%
SMC 104.56427.77%° 154.93+26.02° 62.59+11.14°%° 71.43+11.55%c
SMH 100.40+22.30° 160.68+12.10° 62.41+5.64° 78.19+9.47

l“means in a same column by different letters are significantly different by Duncan’s multiple range test (P<0.05). HHP, High hydrostatic
pressure; ND, Group fed a normal diet; HFD, Group fed a high fat diet; LC, Group fed a high-fat diet supplemented with laver extract; LH,
Group fed a high-fat diet supplemented with laver extract produced by HHP processes; SCC, Group fed a high-fat diet supplemented with
sea cabbage extract; SCH, Group fed a high-fat diet supplemented with sea cabbage extract produced by HHP processes; SMC, Group fed
a high-fat diet supplemented with sea mustard extract; SMH, Group fed a high-fat diet supplemented with sea mustard extract produced by

HHP processes.



2 7]EE ol g3kl AlxHE 3% = F 22 Fulu 24 29

Uebgth sl 55 LC 9 LH Ao|it9] ¢ 35+ & 7127
18.81 ¥ 17.94 g& YEl o™, SCC 2 SCH 4]o]-2] -9
Z+7} 18.59 9 18.83 g= Wit E3H SMC ¥ SMH 4]
O] T0] 74§ 555 Fofl 27+ 19.20 9 18.95 g&. = RIFGiTt.
sl 5= Fololl whe LA Alo] me-A0] AlF WSS o
Q15 A} HFD 40|27} 812 32 40|22k 424 3jo]
£ UEtItHFig. 1). s 55 AlB AlS M3l 1522
ol & U SR FEE Folut AFRTT Fo4 2ol & Y
RO, 2553} o] 2R Sl 55 AlmTte] £24 Ao
= Ho|R] o= Ao g eRlE It FAAA g Wk A
£ ND ¥ HFD 4]o|#+9] 3¢ 27 114.88 ¥ 126.19 mg/dL
2 3RIE 9t} sl 55 5 SCC Ao]|e] FAAH e
13651 mg/dLE 714 52 ZkS U lond, SMH 4lo]
2 100.40 mg/dLE 7P W& FrgS vepylleh. e, Ay
Alo] np-20] A F44A14 S LH, SCH % SMH 4]0|
& LC, SCC % SMC 40|32} H] 3L A] S-2 32 LEf
= A0 IRIEQTh FF|AHE 2 LH Ao+ LC
Alo|tof| vl sl 1-0] 4 0= 2o ghS el 3l o, SMH 4] 0|
& SMC A]o]- 7} H] A A] -2 S-S e $lth. HDL-&
A 2EE e A dx2F FE= Aolet F SCC Aol
0] 70.17 mg/dLZ 714 =] Yelgton SCH 4] o]+-& 67.76
mg/dL= 2RI=| et 2355 5 LH 2Alo|+-9| HDL-Z¢
2E|E S LC Aol Bl 3L A] -9 4] 21 Afo| & UEh 1
o} LDL-ZH| 2 HE oS 2555 Alol<t Bl LH
Alo]gtoll A 7 e ks UEtl e SMH Aol
SMC A]o]3 2} H WL A] =2 gHes YEh ¢l SCC 9 SCH
Alo|TtE 7014 Aol & Kol X| ghotth. & At At sl 2 =
& wole A Ao] npe- Ao F5d| A8 E YW LDL-Z8 2~
HlE §2 224171 %8S UEPITh Park etal. (1996)
2 27l et vghE 55 FofAl R4 o]l H]
of S 9] FEd2E s FAAA o] skt 1
15FGITE. Jang et al. (2024) LA HHA] O] 30} Bl WLA] 4=7u}
QAo 4] serum total cholesterol $HF-2- I X[HAo]of ZF%
721 sugar kelp A]o]stol| A ZrAstTial 25k e). Lee et
al. (2010)2 xHAlo] mpe-2aof Zof A Fefgt iZujghs
of gt Ax} AR o] th 2} Hlal Al @5 S| AEHE Y
LDL-Z¥ AHE0] 2+2+20 9 21% 7HAsk ohal B askei .

£ F55 wolol ot ke
Z2A& B8l on, 1 Avt
L= Table 2, Fig. 2 9 Fig. 33} 7}, vp$ Fdo] A9 ND 2
HFD 2Jo]oll A Z+2F 175.09 2 193.05 mg/dLE Uehf ¢l
o}, LA RHA] o] mp- 0] ke SCC A]o]to] 155.81 mg/dL
2 7P WA yebt o s, SMH 4]o|7-& 263.56 mg/dLZ 7}
B S g9 S Hol= AR Uyt sl FEE F

1o

Lo} LH 4Jo]30) W 9 94 Aol S ol ggho
1}, SCH @ SMH 4]0]5--2 SCC ¥ SMC 4] o]} H]al A] 4=
2 g 4HS Hol= 7 0 2 gl Ith(P<0.05). Sharma et al.
(2017)2 1x|)FA o] ule-9] Caulerpa okamurae -5 &
o= plasma glucose TFHg-S A1 gIckal H15kg]ch o] = &
Aol 239k o] &Rt sl2FEE wol Ayt tfxAel 4
B2 20 olgstol Az shx 2E20) T
Folo] w2 g Hstol gt A= B3t Ao R Alr T
7F 9 A 22 BAE AT A 7F 23] £A Y] - LC
2olzo] 71 2] Uehgtort mE Helgzie] S04 2ol
S 20]x) 9igteh. A2 $7 LH 9 SMH 4Jo]izo] 217}
049 0047 g0 2 T}2 B2 &5 Aolzat v]it A 719 1k
S 38 ol Ao SIS ek 79 A 248
K5 3} HED Aol vl A )% 352 Alol2e] 49
AERELEES EREDENERENIIP R SE
%irh(Fig. 2, Fig. 3). 7F 24U A4 252 skelst 23} HFD
Alo]3t 3t Bl A SMC & SMH 4]o]tof| A & Auh f32
2 Holt 702 Sels|g o, X249 29 HFD Ho|z
I B A] S 2 FEE Alo|toll A AHAE 7] T Aol &
Hol= 2oz F1E it Kang et al. (2016)2 A=A ol A]
KA S= 2721 Plocamium telfairiae 525 3017} A%
Alofof] O3k mke-20) A, FAAY W FFA= o AW

M3E 37] 5 WA T L B skt Wang et al. (2023)

=hs

Table 2. Changes in serum glucose contents, liver and fat tissue
weight of mice fed a high-fat diet supplemented with seaweed ex-
tracts prepared by HHP treatment

Samples Glucose Live_r tissue Adipqse tissue
(mg/dL) weight (g) weight (g)
ND 175.09+46.61%"  1.080.142 0.43+0.142
HFD 193.05+49.43" 1.21£0.06° 0.90+0.44°
LC 180.99+19.03% 1.23+0.05° 0.66+0.05%
LH 172.98+11.302° 1.09+0.18° 0.49+0.072
SCC 155.81+11.742 1.22+0.10° 0.60+0.20%
SCH 217.69+13.98° 1.1940.05° 0.71£0.23%
SMC 192.87+30.73" 1.1940.022 0.71£0.112>
SMH 263.56+27.58¢ 1.18+0.272 0.47+0.112

"“imeans in a same column by different letters are significantly
different by Duncan’s multiple range test (P<0.05). HHP, High hy-
drostatic pressure; ND, Group fed a normal diet; HFD, Group fed
a high fat diet; LC, Group fed a high-fat diet supplemented with
laver extract; LH, Group fed a high-fat diet supplemented with la-
ver extract produced by HHP processes; SCC, Group fed a high-
fat diet supplemented with sea cabbage extract; SCH, Group fed
a high-fat diet supplemented with sea cabbage extract produced
by HHP processes; SMC, Group fed a high-fat diet supplemented
with sea mustard extract; SMH, Group fed a high-fat diet supple-
mented with sea mustard extract produced by HHP processes.
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Fig. 3. Observation of adipose tissue of mice fed a high-fat diet supplemented with seaweed extract prepared by HHP treatment (100%).
HHP, High hydrostatic pressure; ND, Group fed a normal diet; HFD, group fed a high fat diet; LC, Group fed a high-fat diet supplemented
with laver extract; LH, Group fed a high-fat diet supplemented with laver extract produced by HHP processes; SCC, Group fed a high-fat
diet supplemented with sea cabbage extract; SCH, Group fed a high-fat diet supplemented with sea cabbage extract produced by HHP
processes; SMC, Group fed a high-fat diet supplemented with sea mustard extract; SMH, Group fed a high-fat diet supplemented with sea
mustard extract produced by HHP processes.

Fig. 2. Analysis of liver tissue in mice fed a high-fat diet supplemented with seaweed extract prepared by HHP treatment (400x). HHP,
High hydrostatic pressure; ND, Group fed a normal diet; HFD, group fed a high fat diet; LC, Group fed a high-fat diet supplemented with
laver extract; LH, Group fed a high-fat diet supplemented with laver extract produced by HHP processes; SCC, Group fed a high-fat diet
supplemented with sea cabbage extract; SCH, Group fed a high-fat diet supplemented with sea cabbage extract produced by HHP processes;
SMC, Group fed a high-fat diet supplemented with sea mustard extract; SMH, Group fed a high-fat diet supplemented with sea mustard
extract produced by HHP processes.
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2 3T3-L1 ALZ BE1E 53 52 2529| AAAAs
sl A f2gat o P o A FEA o7 B2
oh Bushgle £ Aol 20 B
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u| X = oI 3Fo]| th 3] Aby Hokr), A ;A o] npe-A o] A
12 BR15t 25} 6| 222 Aol -2 HFD 40|23}
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A S S YER gl & 2 2H S 9 LDL-Z249| 2 H1 &
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o] o] hp-2a0] 224, ARPA| 32 32 SOt Aol 5 Hol=
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