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Analysis of Seed Oil Fatty Acids and Their Effect on Lipid
Accumulation and Leptin Secretion in 3T3-L1 Adipocytes
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Abstract In this study, we evaluated the fatty acid composition and physiological activities of oils extracted from eight
types of seeds, pepper (Capsicum annuum L.), green tea (Camellia sinensis L.), perilla (Perilla frutescens var. japonica
Hara), peanut (Arachis hypogaea L.), cotton (Gossypium indicum LAM.), sesame (Sesamum indicum L.), walnut (Juglans
regia L.), and safflower (Carthamus tinctorius L.). The composition and quality analysis showed that the oils were
potentially suitable for foo-grade applications. The composition analysis showed that the oils were mostly composed of
unsaturated fatty acids including linoleic acid and oleic acid. In 3T3-L1 adipocytes, green pepper, perilla, and peanut seed
oils inhibited lipid accumulation, and green pepper, perilla, peanut, sesame, walnut, and safflower seed oils induced leptin
secretion. These results show that the inhibitory effect of edible seed oils on lipid accumulation, and induction of leptin

secretion may be useful for obesity management.
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proliferator-activated receptor-yS A3t AFZ7He AS=
BA7E JSATH7.8). B3 2ol e 249
ZH 0| EF, HER Fo] FHatA HrEe] o] 2&fA
fozMe] 7RAIE vl £(©9) AE AHERU
Z-&o] 7hssitt

E7M (Perilla fiutescens var. japonica Hara)’| 52 343 7)o
A BE AERE 83 S 5 AEQD W7E3 Ak
AA AREE oF 60%E AAske Ao® ®HaEolgrt. v
371 FolA wEA LslEl Rk kst A dR2 wshes v
o] ATH(10).

S (Arachis hypogaea LY 152 ATHLE a7, viAA], A
9o BFo=w AGHAUTE d2A] 2 T ARl A,

H oS AAAES T3 dstE, dota, g
A% 9 g} o]Z2go] GHAL Ut o= FFIE
S-Sl Qe B2 o] dH4tslEE 5} mono- and poly-unsatur-
ated fatty acid W91 Ao 2 L&A k1)

E3H(Gossypium indicum LAMYA 7|5 (HAF)E 22d7E
A AERHE o] &Ho| gt oA HARF AA 9 FH7}
o] B} 21F A0 IVE oA ¥ x2YE F d= 54
oty AAFe F8 AASZ = linoleic acid, oleic acid,
palmitic acid, stearic acid, linolenic acid’} EIE|YoH, ol& F
8 AAke] ke A AR 97.7%E AR s AL
2 43A Atk12).

7N (Sesamum indicum L.y715-2 LAgH Af-9] g9} AbsiQE
Aol 953l MFHoE 9] dol EA4 AMSE AEf
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3|
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vlgo|th H A T A8l 71 EFe EX7E B
| w2t 2 8 UF SR ATk(13). SR I He-st
7ol @29 benzo(a)pyrene®] A E = Aoz LA
o] olof tigt Aol gt AFE T AEHI
Aeoltk(14).

TF(Juglans regia L)1 ZAe] shako] 99.9%o]n HIE}
9 ASY BIER E7F el 1™ HIER E % y-tocopherol
o] Fefo]l 7P w2 ZoE By =8 AWARC R linoleic
acid, oleic acid, linolenic acid, palmitic acid, stearic acid’} 2]
HRom 1 F linoleic acids A Ak 62.8%S A5k
Ao dHA A FAEH| 7eo] RAFHIUTHIS).

&3} Carthamus tinctorius LY 7152 59733} o|taye}
WEAE ded AP oAWast BiaEe o A7rE2
EF A2 B v Qtki6,17). eV BESAAE Se
o] mo} slafo] HeFste] Absld PFAES ERE] s A
7t o ZEE I TH(18).

2 dAFoMe IFH, 20, 7, &
IR E A5 ES 758 98 &
9 T o2 385 ik o] 8
S A8 3T3-L1 AA|2e] Ao wXe=
1

2

M 3O b ol N

= 7 sk, 719 =
T AN BEAE, B3R Y dF, 35
5, B3N E A FdolA 2013 Fefsigl o, zhzte
] g2] A kel n-hexane 700 mLE E5F & 4200 30
£ 59t 2239 F£7](5510E-DTH, Bransonic, Shelton, USA)S
olg3le] 2gul &3 v a2 2447 IR AR F 045 um
filter2 ©J33}37, Heidolph*H(Schwabach, Germany)e] WB2000
VU2000 B9 455715 ol&ste Y w5To=MN FHle)
Ak el TR FEE%)S ASt 550 tv] IFAVE
13.9%, ZAA71E 3.8%, E71715 39%, B3715 632%, B4
f 17.1%, ZN71E 252%, SF715 462%, S 71E 17.7%
2 315 0om dimethyl sulfoxide (DMSO)E &2 A}&-31o
20 mg/mL F=2F stock solutions A 23 F A AT

}jn\l
s

GC #41& 9lgt ME9] fatty acid methyl esterSli= Watkins 5
(19)2] WL o] g3tk AE 25 mgS cap tubedl FF3LL 0.5
N methanolic NaOH 1.5mL< 7}t ¥ 100°C 71%<] 318 &5

oO
=

A 5L 7HESEATE AR fAldle ERlZEiAlEtel = o
Z o] saponifying® 2 wE#oldE FIIATILL JHEE AEE
30-40°Ce] FE73elA] 1287 Wztetal Wzhd Alse) Zujeld
<2 %13 14% BF-methanol (Supelco Inc, Bellefonte, PA, USA)
2mLE 718 FH FE3] vortex3t F F 100°C 3| GESol|A] oF
287 7HEIAATE o] F 30-40°C FEF0IA 128 Wx|she] ¢
s YA Y AlEol isooctane 2 mLe} FEE %=
£ 91380 saturated NaCl 1 mLE 7}8}aL, ©]% F83] vortexinggh
1287 WA 3 dES 358l sodium sulfates ©]&-

ate] ol Eerste] A 2lskint.

-

R|Wabol] 71%3%F gas chromatography S ©]&3te] A|9Ake &
ASHATH20). At EFENS A" A E3H(37E)
% FAME Mix C4-C24 (Supelco Inc, Bellefonte, PA, USA)
100 mg2 isooctane 1 mLol| =] ZA|SISIT) Rukake] e ¢
3 gas chromatography (Agilent 6890N GC/FID, Agilent Tech-
nologies, Beijing, China)E ©]-&3}9om At 3759 HEE
TAE Bls] 98l GC/MSD (Agilent 5975C, Agilent Tech-
nologies, Santa Clara, CA, USA)E ©|-83Ith #4Z7S Table
13} 2t

Seoul, Korea)s AME-3t] H4lE 98 12¢g2 AFFEA A
g & AR FEE TINA A AEY X T AR F
o

AxE 743k

A ) 3le]  analytical soxtec 2050 (Foss, Hilleroed,
Denmark)l] 732+ek & A2 F2390 ether 80 mLE Eo} 7]

Zle] A2ttt 4087 AWFEo] Bd & FE2HE 103°ColA
307 A=, W ste] AWshEe Al Th

A oA =4S 913} active oxygen method (AOM)= AOCS
(American Oil Chemists’ Society) ¥ H (212 -85l 335t At
3H=E 24317] 9J5le] 873 Biodiesel Rancimat (Metrohm, AG
Herisau, Switzerland)®] ¥7]1FU S 20 L/hZ 23 & §X]A|
2 3 g5 reactive vesseldll F3led 100, 110, 120°CAlA 3715

=
AsPAA A7) olu) AREE AdekES P FRHT
60mLE ¥ F5A1A 019 conductivityS AHE 7|23 FAM0
ERE fEAE 242 S48k 3.
i =& B4R M &F

Az 4t S AFTA A9 TAEY F <1153 4
7Vl 7123k) 2439 TH20). A XA 1 ¢S F3ehed
Q3 28 EC] meFrolth AA 5102 W] Do} AE
2o ¥ FA] oErSoHlEEN(12) 100mLE Yol =
elt}. ©]5 1% phenolphthalein &8-S XA|FO 7 3l g &
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“1.1.53.5 FkstE7Pe 7)28ted Z4 A THQ0). HtstETFE
T wel wEt 25dss W fA 1keoll o8t 2 o=2k
FAAA fElsEe 80T welggrolth AA F 152 &
o} ZAF chloroform (3:2) 25 mLell Q&M oF7k 71L3le] o)
3 & o] 9E X2 =ZAEEN 1mLE JMHA EE9 A
2 O o ol 107 WAL & 30mLE 7hste] AlAl
TEY AL UE 1% AREHE AAGLE Fe 001N
ARtk W2 FAIES dte] BB

sl (a-b)Xf
- )‘\} 7 key=——" o —
o527 Hmeg/kg) A9l AR FHe
a: 001 N Na,ZSZO3.CL] Zﬂ'Zg_/I:(mL)

b: ZA A 0.01 N B Q3MRIEFHO AnlEHmL)
£ 0.01 N Na,S,0,9] 7}

ik =& AR AP &3

59 3t 2L AEFA A9 WA EH F “1.1.532
vRslrbel] 7128k =489 THR0). A3 HElFshd x4
1g 29 fe2ke] 231 2 o)2e29] Azl Pad Fatslz
o mgFolth AAl 12gS 200mLe] Zdkxzo)] FU3] o}
Hi 05N FtsldE oleke89 25 mLE AE3] shskal ol
FFYZ7E AA3F] water batholl A 3087 EE|FHA 7}
gkt Wzhsh & dlEzgRIA g S AAeke g dlo] FA|
0.5 N HCI2 o] FksldES At = AAE A
B34 @Al e WweZ FAES Fth

Jo
1

73}71=28.05x(b-a)xf/S

a: AAE AHEE wWel 0.5 N HCI2) A¥)FHmL)
b: Aol AelMe] 0.5 N HCIS 48] FH(mL)

S: AAel ANFH ()

£ 0.5 N HCl®] 97}

HA 25 ZAUR MESY Al
=
[¢)

Af 859 MESAL cell counting kit (CCK)-8 assays 5

3 &<l18lth22). 3T3-L1 MEZS 96 wellel 1.5x10° cell/well=
EF35F & 24A|7F FEAIZIT) Fetal Bovine Serum (FBS)7F &7}

2 iR FAFE 0.01-04 mgmLe] FEE 223l
24X 7F BE 37°CAlA mi kst 2441 7F & wleF Sl BiA
(100 uL)oll CCK-8 reagentS 10 L 71522 3A17F 59F 37°C
oAl Hj<Fst T microplate reader (EL808, BioTek, Winooski,
USA)Z 450 nmellX] S4=5 Z79313t). tiZ(control)2] -5
T e VISR AE5Ade vwEid

3T3-L1 M=d ¥ X|UHEX 3

3T3-LIAIXEE 10% calf serume ¥ 331= Dulbecco’s modified
Eagle’s medium (DMEM)l| 100 U/mL penicillinZ} 100 pug/mL
streptomycing H7}8te] 5% CO,, 37°CollA wl<, X3kt
3T3-L1 AAFA 2] A Al Z22] 2312 93] 6 well plate
ol 5x10° cell/welle] NEE EFsle] M27t 23] LA ul
3L, 29S¢ wige & MDI (0.5 mM 3-isobutyl-1-methylx-
anthine (IBMX), 0.5 uM dexamethasone, 10 pg/mL insulin) solu-
tion, @ 10% FBS < ¥5k= DMEM ix|o]A 22 F<k vk
sto 7 B31E JRAEI T 2 the 10 pg/mL insulin 2 10%
FBSE x3eh= DMEM HIX|Z wlste] 3 <t 2315 13

o) EA4AT 105
NZATH Z o]5ZE 10% FBSTHE E3Hsl= DMEMHE|A|oA] 1l
[e]

B3R om, Ae] ke oil red OF ARE3le] ERISIATH23).

Leptin =H|2F &3

A A E A Er|go] wjz|o] FFE leptin®] Y-S ELISA
assay WS o]&3le] =R TH24). WHL commercial kit
(Quantikine & Immunoassay Kit, R&D System, Minneapolis,
MN, USA)9IA A|F3= ELISA protocolS wW3kth Leptin &3
7} #2Eo] = 96 well plate] BiA] sample 100 L2 ¥ o
X7Hset A8kt PBS-TE 33k AlA 3 5 100 uLel bioti-
nylated rabbit anti-mouse leptin IgG (200 ng/mL)S 3L 1A]7F
R Aol WAL F tA] PBS-TZ 3 AlFSIT 2t
welle] 100 uLe] TMBE %3 308 &<t Ho] Soj7ix] e 4
glol A F7F WAL F well B 50pLe] 2M H,S0,5 71
o=2H FEANNY. W3 FE F microplate reader (EL80S,
BioTek, Winooski, VT, USA)Z 450 nmol|A] O.D. 3t &334
ol Leptin ¥4 %2 tjZ2ad v]wste] il o= vehy
At

A=Y

=
AN dojzl Ae] FAH 243> SPSS (Statitical Pack-
age for Social Sciences) program= ©]-8-3}%] meantSDZ ¥ A|3}k
%3, One-way ANOVA test ¥ Duncan’s multiple range testl]
ofall p<0.05 FEAA 2 A 1] FoldS ATk

27y o&

M &2 ZAMRO fatty acid M £4

AR 8% fatty acid TS GOMSE ©]&3te 37%<]
fatty acid standard EFEC] patterns} Blwate] 15Tt EHel
H fatty acidE9] $H#S undecanoic acid®] W& 7]Fo= ALt
St T gUEl & HE HAER $Hikste] Table 19 A2t
Gt o A3, SARES] 2 RO =E palmitic acid, oleic acid
9 linoleic acid7} ERIFN O™ FrFoX = ZE XA sh= A
o] #FEUT} Eol5HA E717]5NME linolenic acid (57.82%)
7F S 2R sk A2 ERIFAY. Fo4EE 5 EXs)
R HFAR] oleic acidE AR E, WY @ g= Al art 9
om(25), F FAEI AWM FERL = FwolH
(26), linoleic acide= FA528-(27)34E7 insulin A&AdS Hho
F+= 71528l RAELH, linolenic acid= AEH23 T
T3] MM =] He AQ9SE UEA Ut ole
23} Ak $HrE 7154 8RR N TFeAdel e

A

-

i

o me

Hizo| LR R M FE BHRe EE FF
AFH, =2A, S, BT, HIA, 3, o, TG
X N

I )

sellM 7S A AN, AR SEHA A 7
A ZAHATH SFE ZES Ku 5(30), Rah S(31), Ji2t Jeong
(32), & Leest Kim(33)2] Zolld HEl 73K o FE3ha
2.71-6.73%, ZA 18.05-29.27%, AR Q] FE8HF 6.3%, A
Wt 34.6%, S719] FEIE 6.6%, A 51.62%, BEY FEI
o 4.0%, XY 42.8%, S o] TR 7.3%, AW 22.2%,
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Table 1. Fatty acid profiles of seed oils

Name Area (%)

(acid methyl esters) PSO" GSO PO PNO CSO SO WNO SSO
Undecanoic” 3.37 3.17 3.03 3.01 3.44 3.14 3.05 3.03
Myristic 0.27 - - - 0.49 - - -
Palmitic 13.88 14.51 6.22 10.64 24.19 8.27 4.97 6.13
Stearic 2.94 3.25 244 3.51 3.14 5.64 3.18 3.04
Oleic 7.72 58.05 15.72 40.76 15.06 35.42 15.20 7.61
Linoleic 67.72 18.44 13.31 35.57 50.03 45.15 65.25 78.71
Arachidic - - - 1.36 - 0.56 - 0.31
cis-11-Eicosenoeic - 0.81 - 0.78 - - - -
Linolenic 0.77 - 57.82 - - 0.41 7.16 -
Behenic - - - 2.22 - - - -
etc. 333 1.77 1.46 2.15 3.65 1.41 1.19 1.17

Total 100 100 100 100 100 100 100 100

DAbbreviations: PSO: pepper (Capsicum annuumL.) seed oil, GSO: green tea (Camellia sinensis L.) seed oil, PO: perilla (Perilla frutescens var.
Japonica Hara) seed oil, PNO: peanut (Arachis hypogaea L.) oil, CSO: cotton (Gossypium indicum LAM.) seed oil, SO: sesame (Sesamum indicum
L.) seed oil, WNO: walnuts (Juglans regia L.) oil, SSO: safflower (Carthamus tinctorius 1.) seed oil.

?Undecanoic acid (C 11:0, 29.065 min) was used as a internal standard (ISTD).

Table 2. General component and quality measurement of seed oils

No. Seed oil Moisture (%) Crude fat (%) AOMP(h) Acid value Peroxide value  Saponification value
1 PSO? 3.55+0.12° 13.66+0.40° 24.30 0.6120.06% 6.72+0.50¢ 138.67+0.58°
2 GSO 6.23+0.24° 28.27+1.80¢ 53.00 2.03+0.08¢ 8.60+0.47° 136.67+0.58*
3 PO 2.29+0.02° 44.08+0.03" 10.64 1.60+0.35° 3.90+0.01* 138.00+1.00°
4 PNO 4.15+0.14% 36.40+0.17° 20.34 0.31£0.03° 5.81£0.33¢ 138.33+1.53°
5 CSO 5.4240.07° 20.52+1.33¢ 0.5140.04¢ 6.97+0.61¢ 155.33+2.52¢
6 SO 2.57+0.06® 45.25+0.08" 31.57 1.9420.17" 8.88+0.53¢ 138.00+0.00°
7 WNO 2.19+0.07¢ 62.14+1.72¢ 0.21+0.01° 4.05+0.01° 137.67+0.58®
8 SSO 2.50+0.18%® 19.68+1.25° 2.60+0.34¢" 20.51+0.56" 139.67+1.53%

DYAOM: active oxygen method

P Abbreviations: PSO: pepper (Capsicum annuumlL..) seed oil, GSO: green tea (Camellia sinensis L.) seed oil, PO: perilla (Perilla frutescens var.
Jjaponica Hara) seed oil, PNO: peanut (Arachis hypogaea L.) oil, CSO: cotton (Gossypium indicum LAM.) seed oil, SO: sesame (Sesamum indicum
L.) seed oil, WNO: walnuts (Juglans regia L.) oil, SSO: safflower (Carthamus tinctorius L.) seed oil.

Different superscripts in the same column (a-h) indicate significant differences (P<0.05) by Duncan’s multiple range test.
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2 7Pg @& #E eI S 7Bl 20512 7P ol
g ) A1Fe] AZ - 7ol UM ' e Al
2] A7k 25 olsl, FAtEET}L 50 olEtE FAEH U, H
g A48 ZEAEF A, a7t 50 018, FAEET) 60 o)

o

2 EE o B A fAES AR /e &%
o] 7bsst Ao = HIEEATH20). A 136-1552] H9lolA
FEEJ oM ZAN7|E0] 13622 7 wikor B3NS
o] 1552 7P =& 7 Yepidlth ol BN 7IEe] At
154.854(34) FrARSE ZEoZ 1 Fro] AW Ak AlEe] #Ha 2}
oW ARzl Aths AE uEAITE £ A AM-E TG
el 2ulde 2o7t gle Aoz dAdEn. 7 FAF] ut
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(CCK)-85 ol-&sto] Algsiaitt. 3T3-L1 Ao S4F 3 &rf
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stlom, AR AEsx F7lol wet gulel DMS02| A
Fo| FrhlR® txwo® FAfAEe net F7H DMSO
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Fig. 1. Concentration-dependent effects of seed oils on cell viability. Cell viability was analyzed using the Cell Counting Kit-8 (CCK-8)
assay kit. Each bar represents meantstandard deviation from three independent experiments. **p<0.01 as compared to the control. DMSO:
single-DMSO treatment, PSO: pepper (Capsicum annuum L.) seed oil, GSO: green tea (Camellia sinensis L.) seed oil, PO: perilla (Perilla
frutescens var. japonica Hara) seed oil, PNO: peanut (Arachis hypogaea L.) oil, CSO: cotton (Gossypium indicum LAM.) seed oil, SO: sesame
(Sesamum indicum L.) seed oil, WNO: walnuts (Juglans regia L.) oil, SSO: safflower (Carthamus tinctorius L.) seed oil.
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*%
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Lipid accumulation (% of control)

20

D 0il 0.05 mg/mL

= Oil 0.1 mg/mL

Control PSO GSO PO

PNO [e) SO WNO SSO

Fig. 2. Seed oils inhibit lipid accumulation in 3T3-L1 adipocytes. Adipocytes were incubated with two concentrations (0.05 and 0.1 mg/mL)
of seed oils. Lipid accumulation was determined by oil red O staining. Results are presented as meantstandard deviation from three independent
experiments. **p<0.01, ***p<0.001 as compared to the control. PSO: pepper (Capsicum annuum L.) seed oil, GSO: green tea (Camellia
sinensis L.) seed oil, PO: perilla (Perilla frutescens var. japonica Hara) seed oil, PNO: peanut (4rachis hypogaea L.) oil, CSO: cotton
(Gossypium indicum LAM.) seed oil, SO: sesame (Sesamum indicum L.) seed oil, WNO: walnuts (Juglans regia L.) oil, SSO: safflower

(Carthamus tinctorius L.) seed oil.

o] g AlxZo] DMSOYF HEleh & AA3sloith. o|<} v
wate] BAS 8FS 77t I A AL o] gale]
ENES £33 dae Fig 19 29 vhel 2oh 2547
& SIS, 7718, 38718, 5SVIE, Vg, S5
NE 2 F3N7IES 22 001, 005 0.1, 02mg/mL 223
04 mg/ml¥ A te] AEEAAS IS A, m2 75, 7

FNE, EAE, 71BN HIFEY 04 mg/mLoAlA Rk
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Fig. 3. Induction of leptin secretion by treatment of 3T3-L1 adipocytes with seed oils. Adipocytes were incubated with two concentrations
(0.05 and 0.1 mg/mL) of seed oils. Leptin secretion was determined by enzyme-linked immunosorbent assay (ELISA). Results are presented as
mean+SD from three independent experiments. *p<0.05, **p<0.01, ***p<0.001 as compared to the control. PSO: pepper (Capsicum annuum
L.) seed oil, GSO: green tea (Camellia sinensis L.) seed oil, PO: perilla (Perilla fiutescens var. japonica Hara) seed oil, PNO: peanut (4rachis
hypogaea L.) oil, CSO: cotton (Gossypium indicum LAM.) seed oil, SO: sesame (Sesamum indicum L.) seed oil, WNO: walnuts (Juglans regia

L.) oil, SSO: safflower (Carthamus tinctorius L.) seed oil.
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