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Abstract

This study was conducted to evaluate the effect of high-oleate and normal-oleate peanut consumption on adipose mass and serum
lipids in obese-induced C57BL/6J mice. After four weeks of the high-fat diet, mice were randomly divided into six groups: normal
control (NC) diet, high-fat control (HFC) diet, high-oleate peanut-seed (HOPS) diet, normal-oleate peanut-seced (NOPS) diet,
high-oleate peanut-oil (HOPO) diet, and olive-oil (OO) diet. After four weeks, all four experimental diet groups showed significantly
lower body weight and epididymal fat weight than HFC group. In four experimental diet groups, serum triglycerides (TG), total
cholesterol (TC) and low-density lipoprotein cholesterol (LDL-C) were significantly lower, and high-density lipoprotein cholesterol
(HDL-C) was significantly higher than HFC group. TG was significantly decreased in HOPS group (92.1+1.2 mg/dL) than NOPS
group (101.7+5.3 mg/dL, p<0.05). Similarly, LDL-C was significantly lower in HOPS group (66.1+2.8 mg/dL) than NOPS (76.9+1.5
mg/dL, p<0.05), on the other hand, HDL-C indicated a significant elevation in HOPS (50.5+2.1 mg/dL) than NOPS group (45.2+1.6
mg/dL, p<0.05). This result suggests that the consumption of high-oleate peanut has a favorable effect on the plasma lipid profile.
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A FAFER H23HT, 25T, 48718, B8 AvE Janila 5 2016).

59 FeE 4HH QthLee C 2001; Wang 5 2013; Park &871A| e (cardiovascular disease)> O3] LB 5 (dysli-

S 2018; Kim 5 2019; Lee YR 2019). 832 Se|4K(C18:1)2 pidemia) 5-2] 8210 & WA= = Al =83 AFg<l

2 =84HC18:2) 59 EXIpAH4o] A|HHARS] oF 80%E o] W (Statistics Korea 2020), 0| AR A& Z9] Surgleloz 4]

AFA|SH=H, Norden 5(1987)2 Z&|4t 2407} 7|2 50% olglo] AFEHHA TRt A4l AEd Aol wE
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% 2001; Carson & Anderson 2020). ES}R|HFA E 2 AR
A AF7E 28 U AEET SR S7F 8RI0E A4

= A, ERSAME AF HeY St & S 2EER
] = X A bl 23] A E| E(low-density lipoprotein cholesterol,
LDL-C) 5%=&} §-9] A Yepdthal B 1= o (Mata 5
1992; Hodson 5 2001; Asif M 2011; Baum 5 2012). A
24 9] Atslo]] W41 CPT1A(Carnitine palmitoyltransferase
IA)?} UCP2(uncoupling protein 2) ¥d-S Z7FA]7]H, ROS
(reactive oxygen species) AAAS TAA7|= IS sttt
B1E Hb tH(Gongalves-de-Albuquerque 5 2016). ESE
Yang 5(2017) &4t H]&0] =2 AFA]o] AdFH oA
Z|HFz2] 9] LPL(lipoprotein lipase)¥ 7F2] Acetyl-CoA oxidase
FHo] GOlsH Z7tskom, 87719 Ao] F PPARY
(peroxisome proliferator-activated receptor gamma)2] A} QIZ}
s D g A SHGAE Quk o) o3 o)}
AL BB LU TR Bk Soug
= A% 2]o](Mediterranean diet)?] A A& ZFFL
O = o]F B8 ¥2 H|EY THUEZIAH4H(monounsa-
turated fatty acid, MUFA) A 3= &3] =27}9] G2 £3517]
A Agt HEEL Fott AUIAE e Yt (Martinez-
Gonzélez & Sanchez-Villegas 2004; Mente G- 2009; Schwingshackl
& Hoffimann 2014). 9]2] 1153} Zro] AEA A, thAt
T 5 WSt GAEZIRTAR Ao] AHF HHY
F87d0] xR ek BFE AW 1 QG AH[Fo] oF
850 g9l FQa3t XA FFYO E (Korean Ministry of Agri-
culture, Food and Rural Affairs 2019), =W AH|AH=E9] 7|54
2o et T = F4 A SEAk EEEAt HeS
71E9] 097914 3072 #9l A4 B3 L 715 9
& 7hAlo] gt AE7F Rt A olth(Pae 5 2008;
Pae 5 2016; Korea Agro-Fisheries & Food Trade Corporation
2017). wreba] 2 AolA SHAF S =9 BF
Aol e B2 B3 BT 718l it AW 25 A& A
ArT #F8& fIoto], AAAo|®:  H|Yo] [EE
C57BL/6T U925 iAo 2 A4t 2487 o2 B3-S
Folsto] AlF, @ Ad 14, APRA 9] #olg gelst
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AVSE F(Arachis hypogaea L.) &5 ‘A|°0](cv.K-Oly 2} %}

H(cv.Charmpyeong) S A FEZE ARES}TH(Pae 5 2008;
S 2016). GE2 =W EE Aul LS4 (Rural Develop-
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£ A8l BF B4 S kg2 7ME 2% 180CE At
£-3 & (Dongbang Machinery Co., Daegu, Korea) 2.2 oF
o

TR 3087t F2 BT SAE 94 ZH-7](Dongbang
Machinery Co., Daegu, KoreayS A-&-5}o] 2F 295 7 ¥
Lo FAE AAA &L PEsto] 4T Hasigict. A9
of AL FF 7159 AolHiE 8] ST HF(O01514,
Sigma-Aldrich, MO, USAYE AHESHAIHE Ao AMEH F
E59 B3 7189 A4 BAE Yol EAXRT AR
£ At & MeOH:Benzene:2,2-Dimethoxypropane:Sulfuric
acid= 39:20:5:2 €% 2 mL¥} heptane 1 mLS 715} 80C
2A17F methylation ¥H-S-S SESI9IT} o] % Ao A Halw
FSHE 7HAA R uIE 18 9530 231 & 7] (Agilent, Santa
Clara, CA, USAE o]83] 2Asigich. 248 oz
DB-23(Agilent, Santa Clara, CA, USA)E AFE5I3 oM, 2B
L2 = 50T, 1& hold, 130C7}A] 25C/min, 170°C 7}A] 8T
/ min, 215°C 7}A] 1.5C/min, 260°C 7}A] 5C/min 52 &
2 hold 270 E A5t oH, A&7 2% 280CE H4
sheie.
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[e) =
1945)0] ZAs FEddEd2
- PNU-2018-1972)2 A A Agat
LAY AR HE FER 5T
GAH-5E(Seoul, Korea)Z F-E
o Bl At of 21000e] 2% AT 12429 light
dark cycle®] A F7OA Bel s R 5EA] 1Y 4
S 3Pt 284E AHEA HHFES B9
o} AE 717 93 5 HA Ll 4]0](TD06416, Envigo Teklad
Diets, Madison, WI, USA) 2 AFA9] &-371& AF O
™, o]& 3] H(randomized complete block design)O.Z T
TR FE 6719 AFFLOE Uiro] A94lo] golE
HYstA Tt HA et 221 normal control(NC)w-2 A2
gt 57HS) dRtel 4577t 1%2] EF2HES 7R 45% 1L
A"} A10](TD06415, Envigo Teklad Diets, Madison, WI, USA)
= FFolol Muke ARSI 1 F 450] Ag4lo] 7|7t
B9 NC+} A 2491 high-fat control( HFC), 18] 3L
HFCHY} 22 1A I HE R Alm $39Y 20%E 29
AloZ tiAdt 47§9] A2 high-oleate peanut oil(HOPO
cv.K-Ol)t, normal-oleate peanut seed(NOPS cv.Charmpyeong)
<, high-oleate peanut seed(HOPS cv.K-Ol)<t, olive 0il(OO):
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Table 1. Dietary composition of experimental groups

749

Groups"
Components (g)
NC HFC HOPS NOPS HOPO 00
Casein 210 243 190 190 245 245
L-Cystein 3 3 35 35 3.5 35
Corn starch 280 84 87 87 130 130
Maltodextrin 50 114 113 113 110 110
Sucrose 325 198 150 150 165 165
Cellorose 37.15 57 60 60 65 65
Soybean oil 20 30 15 15 - -
Lard 20 193 110 110 - -
Mineral mix 35 43 40 40 43 43
Dicalcium phosphate 2 3 34 34 34 34
Vitamin mix 15 19 15 15 19 19
Chloline bitartrate 2.75 3 3 3 3 3
Antioxidant - - 0.1 0.1 0.1 0.1
Cholesterol - 10 10 10 10 10
Roasted peanut (C18:1%)” - - 200(41.5) 200(18.1) - -
Peanut 0il/Olive oil (C18:1%) - - - - 200(80.7) 200(72.9)
Total (g) 1,000 1,000 1,000 1,000 1,000 1,000
Total kcal/g 3.7 4.6 4.6 4.6 4.6 4.6
Carbohydrate 70 36 36 36 36 36
Calorie ratio (%) Protein 20 19 19 19 19 19
Fat 10 45 45 45 45 45

Y NC: normal control, HFC: high-fat control, HOPS: high fat with high-oleate peanut seed, NOPS: high fat with normal-oleate peanut seed,
HOPO: high fat with high-oleate peanut oil, OO: high-fat with olive oil.
2 Composition (w/w) of oleic acid (C18:1) within supplementary peanut seed and oil.

Phase
Week 1

Dietary
intake

(n=42)

Adaptation

Normal diet

»

Obesity induction

Dietary treatment

Week 2 to 5 Weelk 0 to 9
I
I Normal diet (n=7) ‘ NC (n=7)
HFC (n=7)

High fat diet
(n=35)

= High fat +20% HOPS (n=7)
High fat +20% NOPS (n=7)
High fat +20% HOPO (n=7)
High fat +20% OO (n=7)

Fig. 1. Experimental design. NC: normal control, HFC: high-fat control, HOPS: high-oleate peanut seed, NOPS:
normal-oleate peanut seed, HOPO: high-oleate peanut oil, OO: olive oil.

3| Alztol] vhe-20] ZjA]
S =} A-L(OHAUS, Parsippany, NJ, USA)Z 0]-&3]
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At A¥ Foi7t B FH AY HFT Dol 1247 F4
Attt AEH A== FZ4HE AR 4C 3,000 rpmof| A
15870 YRS F £ @42 -70C] E@siyct
4 & FULHE, SR (triglyceride), 11H =X A THH
ZYAHEMHDL-C), IUEAETHEEH AHE(LDL-C)
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5 kit(Asan Pharmaceutical, Seoul, Korea)S ©]-&35to] &
A gc SR AU Bag FH AYEAT 727
= MA=5E Z25td], Fider Ad 3 2718 A7
g F 1 %S Sokoinh g AERAZ 10% 222y

o IHANA et EojR2-S FA, microtome . ZEE 4 um
9 AHzZ AW 355190 H, hematoxylind} eosin(Sigma-
Aldrich, MO, USA) A|2ko & JA5}9ic}. et u]) 7 (Olympus,
Tokyo, Japan)2 ©]-85to] AYA|2O] 24 hHS AT
o, AWM E L] F 7] DMC advanced software(INS industry,
Seoul, Korea)2 2 =7 =it}

4. SHAEZ

2 A9 Aol s A HjA] EAREA] (one-way ana-
lysis of variance)¥} % A-3-9]x} E,Xg}(Least significant difference
test) W Th5E4(Duncan’s multiple range test) Q.2 413 4]0]
2 9o ot Yuxt vnE SPAAQG. RE BHS
5% 9ozl A] AN HQoR EA B4 L2 I SAS ver
9.4(SAS Institute Inc., Cary, NC, USAYE A3}t

210 a pE
1. Al0Jofl IHE MST K|WEZ|
CSTBLIG) BR9-20] A A7t 2-87]9} 45:7b0] gt 4
=
G

&, I o]F 45F3t0] A9 Ao]of wE A

45

Body weight (g)

Weeks

Fig. 2.
weekly body weight of mouse. NC: normal control, HFC:
high-fat control, HOPS: high-fat with high-oleate peanut
seed, NOPS: high-fat with normal-oleate peanut seed,
HOPO: high-fat with high-oleate peanut oil, OO: high-fat
with olive oil. Means indicated with different letters are

Effect of peanut oil consumption on average

significantly different at p<0.05 by Duncan’s multiple range
test.

. o]tg_q] A

- SR

29} 2t} A3 71711 15 A A|Qlska vlgto] G H 25
oA 55:27ER] 9] 717 Bt APFES o AT 79
gt Aol & Hlom, vlul §& 7|71 250] 4 5571A] NC
+2 AQsta Aol AFHT 5719 N"'ﬂﬂ”L(HFC
NOPS, HOPS, HOPO, 00)o| A &2 &9] A% S71 A
= Bt AF Ao|7t AZE 5531 o]%&E AY Aol&
AR ARTE9] AlF 571 FHol AHF o' Hastio
A9 Ao]7} SR E 9FA 0| A HFCEO] 39.8 g0 & Ht A|
Zo] 7} =9rom, I t}SO & NOPSHo] 362 g, 00
o] 35.9 g, HOPS0| 354 g, HOPO0| 34.9 g& Ve o
TAH AR Ao|lE AFHI 47 AT Bt AlSS A
Ao g {ogt Apol7} gigih AF 4ol 717k 59 22 H]
€9 A3l E EF5ta HFCES] Bt A5 v s
A9 TR 952 Zpof| 42 go] Zo]E Holm, oF 10.6% T
@2 £F02 P AFo] FootA WSS SIS 3l
A THp<0.05).

47719] Alg] Alo]lE AHF3E C57BL/6] uRe-A A8 9]
7rat Rag Wy 2uko] BAIE 4% AIHE Table 20
A A BFATE NC-9] vl9-A9] Wit 7F FA = 1.46+0.13 O]
o™, HFCE X3 5709] A FAlo|2] up-AoA &
33 Bt FAL Fogt 2ol E T (p<0.05). ILAHHA] o]
£ A5 5719 A9 Hi 7F FAE 1.97 g0 2 NCH
Al gt AE 7RO R UEhA] gkottt. 7 AdT
o] Pt F1gt WA A BAl= AL wet {ogt
Z}o]2 Ho|H(p<0.05), NCZ°] 1.13+0.21 gO & 7}&F wgto
™ HFCZ-o] 2.35+0.35 g2 7V =9kt 1 AHF A5 Alo]

F

o 1

o

Table 2. Variation of average liver and epididymal fat
weight by peanut oil consumption on obesity-induced mouse

. Weight (g)
Groups” - —
Liver Epididymal fat pad

NC 1.460.13° 1.1340.21°

HFC 2.08+0.24° 2.3540.35°
HOPS 1.96+0.16 1.93+0.17°
NOPS 1.96+0.15" 2.06+0.14°
HOPO 1.94+0.35" 1.80+0.21°

00 1.92+0.39" 1.80+0.23
LSDy 5 0.304 0.266

Values is expressed as meantstandard deviation of seven replicates.
Columns followed by different letter were significantly different at
p<0.05 level.

Y NC: normal control, HFC: high-fat control, HOPS: high fat with
high-oleate peanut seed, NOPS: high fat with normal-oleate
peanut seed, HOPO: high fat with high-oleate peanut oil, OO:
high-fat with olive oil.
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£ 41%J3F NOPS, HOPS, HOPO, OO 7+2] R.315} ujA] %
w 19| 9ol Zjol Liehb] @gEon, HOPOZI 00
9] Ht 3% AHF EA = ZF 1.80+0.21 g7} 1.80+0.23 ¢
07 FARIAY. F 118k AR}% 21 9] Hematoxylin & Eosin &
A A olm| A5 I A, A4 olE AHFIRE NG
H3] HECTLolA HAAQl ALA R 2717F S71etiS=
gelstlom, HFCTO| HIs] 1A HYAolE Hofgt
HOPO, HOPS, 0OZlA] MRSl <Al Bsie] =177
dHACcE FAagt A BET 5 AUTH(Fig 3). Hsu &
Huang(2006)-> Z&|4Fe] 371 @7 leptin®] 742} 37 1t
o 9] PPARa(peroxisome proliferator-activated receptor alpha)
B/Jotet SEul i 2204 A E /el Holshke HA
Q1Z}Q1 SREBP-1c¢(sterol regulatory element-binding protein-1¢)2]
downregulation =3tth= AaE H 1519 =1, °|<}t nf
7MA &2 ESAGAE H]E0] & TAA] o] Hje] £33}
ARpAke] Bl go] #d B3 BT 7159 A7 AA
3 vl (hypertrophy) A} TAE HAF A HAE F&
sto] AlF S7HE Aol T2 € Ao . & Al
HollA A9 Aol2 AREH ST Hf= 7|E BiES 59
oleuropein, hydroxytyrosol § A|A|EZ E3IE A5t B-
oxidationg ZIA1A PN 282 YEhdiE= HeF ot
o] EX3}rtal Y& A Qlth(Castro-Barquero 5 2018). &3 E
f AF AIE00 group)yt 1A BF 7]S(HOPO
group) A5 Ao 23S W WSt Ay, R AEA]
FARE AL O] 2 50| HFCHO] Blsf f-o]otA W& 2
= yeErigith

A~ Er. \ B
! o %)

4 = i -wi:

WO IR .07

D- & - E

386.36 1m

- ~

2. &5 XIZCHAL H0|

45710 A9 2lo] gof & A F FAHA, & SH A
|, HDL-C, LDL-C 5=& #4353 ZI+E Table 30 UEty
Atk B 4 AE F FHAE, & FHUAHE, HDLC,
LDL-CZ AR 7k §-oJ3t Zpo| & H ATh(p<0.05). /44|
W2 I A4 0] S A FHTE HFCHEOA] 118.6+5.3 mg/dLE 7}
A =9rom, Alo]43F & NOPS > HOPS > HOPO > OO
=02 Q1 HFCH|| BIsiA f-o]sHA HAastiitt. &
ZHYAHE S5 HFC7} 163.443.0 mg/dLE 7 =9r0
™, NOPS, HOPSZol| A 913t ZHAE Holo, IS4t &
T 718 A3 HOPO#} S| BHA-E Foi§t 00+to] 2zt
131.1£0.8 mg/dL, 130.7+1.6 mg/dLO & A4} A3 Alo] &
7Pg 32 =5 YEU I HDL-C= 1A A0l & A4
3 BE Ao Al NCT(55.2+3.0 mg/dL)o] H]3 §-2]51A
9Fow, HFCo] 40.0£2.5 mg/dLE 7} ¥ £2E B
o Aol HFHTt 4719 APoAe AEe=w
HFCHo] Hlsl| S7Igt 23E Eoh. 00wol A 51.0+1.5
mgdLE NC+ th2 0 & #ton, w4t B3-S A 5%t
HOPST#t Y-&E4t B3 7|52 43It HOPOZo| A Z}
50.5+2.1, 47.6+2.3 mg/dLE {-9]5}A] =9ttt LDL-Co] A%
Hit] 2 HFCoA] 99.7+3.0 mg/dLE §-9]51A] &=9kow 11
AMARAS AFRE 4719 FellA 00, HOPS, HOPO,
NOPS# =02 W2 IDL-C 35 EHth 243 @4 +
d AA9 s E B9 5 3A S (Atherogenic Index)E
kel Axt, HFCH-9] 3.10£0.279] ®]s 14t &7 7|5
I SEERE AFT APTES T2 IAGA ol HHA

2o E-olal WSS} 1.76+0.132F 1.57+0.092 4F

1T

G4
— -\"- % (

7 & <

i o ,\
< \ - = & 3 i g
368.02 (m . 264.20um

= O

S - ‘/ = e

 277.68 m 266.54 /m

Fig. 3. Representative sections epididymal fat pad stained with hematoxylin and eosin from 9-week-old mice fed with
normal, high-fat diet, and MUFA-enriched diets. A: normal control, B: high-fat control, C: high fat with high-oleate peanut
seed, D: high fat with normal-oleate peanut seed, E: high fat with high-oleate peanut oil, F: high-fat with olive oil.
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Table 3. Effect of MUFA supplementary diet on serum lipids from the obesity-induced mouse fed with peanut, peanut

oil, and olive oil

Groups” mg/dL AlL?
TG TC HDL-C LDL-C

NC 84.8+4 4% 122.042.4° 55.243.0° 49.8+1.8° 1.22+0.14°
HFC 118.6+5.3 163.443.0° 40.0+2.59 99.743.0° 3.10+£0.27°
HOPS 92.141.2° 135.0+£2.3° 50.542.1° 66.142.8° 1.68+0.10%
NOPS 101.7+£5.3° 142.5+1.3° 452+1.6° 76.9+1.5° 2.15+0.11°
HOPO 88.6+1.4% 131.1+0.8¢ 47.642.3° 65.7+2.0% 1.76£0.13¢
00 82.1+8.1° 130.71.6 51.0£1.5° 63.3+1.9¢ 1.57+0.09¢

LSDy 5 5.718 2.386 2.632 2.603 0.179

Values is expressed as meantstandard deviation of seven replicates. Columns followed by different letter were significantly different at p<0.05

level.

Y NC: normal control, HFC: high-fat control, HOPS: high fat with high-oleate peanut seed, NOPS: high fat with normal-oleate peanut seed,
HOPO: high fat with high-oleate peanut oil, OO: high-fat with olive oil.
2 AL (Atherosclerotic Index)=total cholesterol ~HDL cholesterol/HDL cholesterol

gHos w2 A3 gl & & At 1A o]0 A
T B3 7159 AFe "RV E ZE4to] S5t 4
Ql ofH7tEel ofZ2E {9 A4 AAdAtet sEAY
of| A X 31| (Kris-Etherton 5 2001; Tabeshpour 5 2017) A3}
o} Zro] X Y F ZHAHE, LDL-CY 5%, 384
A49} HEo] HDL-C 3% S7H0) 9= & A& Almd
o}, Huth 5(2015)9] E o] o2 ZIAHa ERAXH
o] ZH4te g thAE A T FEAHZ(TO)Z LDL-CY
A2l FA7F ERIFJA oY, 7R SR Abo] S|4t
o7 fAd A5 @4 AEY FAQl Wk gllek 1
gy Z2AG A A BT SAL 71E= AR AE
0] ZEdl4t o] &2 dRt BF-Z HFT Al TEE T
2 B &4 s 9 % S84, TC, LDL-C &
L7t foJstA ot GF AFoNA e R SRR 4
o thet SUEZSFRFANY] AT vl& F7HF AW A
52 qA1et FF A4 /Ao FHAA 5E Hl AL

AR ECh B o] A3E BEfE 34 A4 59 °Y
EXSMAALY] A7) A FFH o WE A thARe; H|RERIRE
2HE FUEHE dARSSE A3 A& Holof gt 714
Q1 2ol " astw, AHPA A3} Akt 3 o] F9] F3t
AL Aol tigE 4 B4S &Sl ERlo] 7HeE A=
AR E T Lou-Bonafonte 5(2012)= th49] SEAYI IS
EdFoA S ER HH= o E 524, 4848 71E A3
9} H|woto] FA 57 15 (atherogenesis) WA WA IS
ety B arstelom, ol Auto] tisy a4kt o
£0] ST HF2] EZE =8 (triterpenes), 25Ul (squalene)
59 71574 FerEe 5384 aE F453lth Lim 5

HH of

. T
oA @

A Xe)

B

2

= dg

=

lo

(2017)2 AGArS] 7R sbAAtko] 2 ahat o
AP R diAE LA T FF5OIA Atst
4 Sdiek el 715 W EZHEY o] ELHES &
80| Ere S Husiied], & A9 2eAe

>
(o)

= AEe
Ggo] SUEbA AT BAs) A Ak} oA AGS
Sh Bl B, 2HAHE §4F Aojohs molEAHE
5(Segura 5 2006) H14A| GF 7150 FHE 7154 B
29| oj3g 371402 BelY Wart ek At ol
o) Au LA Pl F1E BEe AFUOE 4
Hotge o) FRTAY FA Faot 83 A AHANE
. ol9k Bl%o] 37189l M) w2 A
Aot el A QURfeh il AlEo] thet BAlm b 3
U4 3 7180 §F G4 AEY AF AR AAB

pul

BAE REA 5 B BYEY B BULREY
Ao HTAgo] TR $4 A7/ WRY Ao BT
Qo w =

2 AdFoAE v e ExsAt 24L 7
T FF 715 AFel wE ¥ f vRe2o HREAE
oF A1 d HiAt HolE gRlSHH. $3 CS7BL/6) Uk
A2l E HE2wo® sto] gt BF el &
gF 24 B3 FeEed L&t 9 V1S &
SHFE A AAY ARE 457 B Foiste] AS W
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