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Relationships between Fatty Acids and Tocopherols of Conventional and
Genetically Modified Peanut Cultivars Grown in the United States

Eui-Cheol Shin
Dept. of Food Science, Gyeongnam National University of Science and Technology, Gyeongnam 660-758, Korea

ABSTRACT

Relationships between fatty acids and tocopherols in conventional and genetically modified peanut culti-

vars were studied by gas chromatography with flame ion detector and high performance liquid chromatography with
fluorescence detection. Eight fatty acids and four tocopherol isomers in the sample set were identified and quantified.
Oleic acid and linoleic acid are major fatty acids and the ratio of oleic and linoleic acids ranged from 1.11 to 16.26.
Tocopherols contents were 6.76 to 12.24 for a-tocopherol (T), 0.08 to 0.39 for B-T, 5.28 to 15.02 for y-T, and 0.17
to 1.17 mg/100 g for 8-T. Correlation coefficient () for fatty acids and tocopherols indicated a strong inverse relationship
between oleic & linoleic acids (r=-0.97, P<0.05) and positive relationships between palmitic & linoleic acids (r=0.95,
P<0.05) and y-T & &-T (r=0.83, P<0.05). Principal component analysis (PCA) of fatty acids and tocopherols gave
four significant principal components (PCs, with eigenvalues>1), which together account for 85.49% of the total variance
in the data set with PC1 and PC2 contributing 45.27% and 21.33% of the total variability, respectively. Eigen analysis
of the correlation matrix loadings of the four significant PCs revealed that PC1 was mainly contributed by palmitic,
oleic, linoleic, and gondoic acids, while PC2 was by behenic acid, B-T, and y-T. The score plot generated by PC1-PC2
identified sample clusters in the two spatial planes based on the oleic and linoleic acids. The score plot PC3-PC4

didn't separate sample groups.
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S AT HEH AA Y 50% 7S
o, 1% oleic acid’} teF 55%E A}
, linoleic acid7} 25%% AFA|3}aL § E‘r o=
e TV A3l §EE ATAES A
19 &8 TRtk A= %%%
oleic acid ¥&3¥} w2 linoleic acid
(18-20). Norden (18)2 50012
AAE 0] A=
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V=t deEsd A Axd BT

(ie. F435)& Zroluglar, theF 80%9] oleic acid 35
HoliE o] E%S SunOleic 95RE ©|E Xt} 1 F &
oleic acid &#& A FFFlavorunner, GK-7 high-
oleic, SunOleic 97R)E°] AlEH o2 HF =AU} o3
=2 oleic acid 2 @F o] Ad microsomal oleo-
yl-PC desaturasedt= 849 A4S JATo=ZHN s
3}, - g4+ oleic acidol A linoleic acidZ2] 32
ZuslE @40]th21). O'Keefe 5(22)2 high-oleic &
F FEoNA 71Ee FF R 14.50] 7 953 2FskekA
s Basilnh T e #- A9HE AR
high-oleic 3% /Mt AdF+E AP 9l
Yang 5(23)2] ATFolA BT Ak 240 Z:?:ﬂ% high-
oleic F#&F2 BT FToNA g F&8TS 7HAIL I
), 1o gigk A5 8 Folt stk kAR oA
A el A g AH o2 Al#E = high-oleic ¥
= 7o)},

oo £ ATrellAE Fujell A= obA o] 58] &
RA T AT FARZA = BRg ATl ATk, v]=
A Ak A A2 FF 9 high-oleic FF B RS

o A 2AE waskglal, A8 HERIR toco-

o nlo

Aok
2 ATl A ARRE EE AIY EFFES Sigma-
Aldrich Company(St. Louis, MO, USA)o A )3} T}
Hexane, methanol(CH30H), ethyl acetate, ethanol
chloroform(CHCls)-& HPLC-gradeZ A}8-3}9) 31, anhy-
drous sodium sulfate(NazSOy4), sulfuric acid(H2SO4),
hydroquinone crystals, butylated hydroxytoluene(BHT),
anhydrous magnesium sulfate(MgSO,) isopropanol L&
3 sodium chloride(NaCl)&= ACS-gradeE ©]-8-3}% o).

R Hkak A2 3H213t7] 98l Supelco-37 fatty acid me—
thyl ester(FAME) %53 " heptadecanoic acid(C17:0)
7} AHE-E 9131, tocopherol 48 3l a-, B-, y-, §-to-
copherols7} AF&-% At}

=
U

Ao A AH8-E HE FF R high-oleic FE2 M=
A9 (Texas, Florida, Georgia)ol A =28 #5271
33 3)(The Peanut Institute, Albany, GA, USA)E
A wrol ol ARG-E| T, A A5 A=A E
FEHEFS oF 897HA Axd FEE ALskon,
¥ F5e A8FEETS NC-V11(n=15), NC-7(n=6),
Perry(n=13) ¥ Tamspan-90(n=12)& 183l FHAF A=
3} high-oleic %<& OLIN(nh=8)2.2 A3 & 33515t

OE o ¢
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Ao AbgE FF A 42 Bligh-DyerH(24)& o] &
SFATE. ¢F 20 g9 B3-S =417](Tipo 203, Krups, New
York, NY, USA)E o|-&3te] w7 ZolA, o] 5 5 g& A<
3] FAE o} 250-mL Erlenmeyer faskoﬂ go 520
mLe & Yo §FMES 37 F 50 mLe e
S Y1 25 mLe CHCIz3E ¥ o] homogenizer(Pro Scien—
tific Inc., Monroe, CT, USA)& o]-8-3}4 283t 23} A
Atk A7 2] AR S 9l8lA 10 mge] hydroquinoneS
HA7Felith A% o2 25 mLe CHCI:E Yol Whatman
No. 1 filter paperg& BIAA V&S A H . Filter-
cake® ThA] A8 25 mLe] CHCL:E ¥ & ©H4] ho-
mogenizerg ©]-§3sto] 2837F A3} A AT AR S
AR slurry JEe] AEE 250-mL Eq2Zu7]o] @
1 g9 NaCl¥ g7 30%3F 5] #@AH. 16417
WA & AAE e oldlT S st AN TS

7](R-4, Biichi Corporation, New Castle, DE, USA)E ©
&3ato] f7]18vlE XA F T2 AAS o] &eto] A

A Aol AHgsel.

o —101'

Rlsrat x4
F3E 9D AP 24 S obry] 918 AHg]
A

Sk AWk #2498 93 Dhanda 5(25)¢] ¥y E WHE
£ 00 mge] %% x2S Reacti-vial re-
action vial(b mL size, Thermo Fisher Scientific Co.,
Rockford, IL, USA)9l &7 §, 100 uLe] WHEFEZR
heptadecanoic acid(C17:0)(2.5 mg/mL hexane)E &7
vialell #7183ttt BFAI R+ 2 mL9 transmethylation
reagent?l 6% H,SO,/CH;0HE o] 8-3}o] 65°Ce] =&%9
4] Reacti-Therm III Heating/Stirring Module(Thermo
Fisher Scientific Co.)& ©]&3}o 16413t &<t Ezﬂi}
A RTE 16A17F - A& Aol B 0}04 WzZEA 71 3
mLe & H7Fsla 183 vortexAZ] ¥ 2 mL9] hexane

S A7k 123F vortexAlZ1 ¥ hexane T2 43131
o} 2 mL9] hexane 7} 34& 3 WHEE}Y] hexane S5
THY F AaTAE 08381 hexanes AAT F+ A&
S T 1 mL9] hexanedl| o] A4 £4& 9138 A
AH-g-3F T

oy
w‘r%'_oﬂ/q .7;:%8]- 2| WFake] A8 ¢ OH 2| HFALe] EEE
Supelco 37 FAME A|&o] AF&E ). 7/ x| HHAake]
$#]4=(relative response factor)Z T3}7] 98
E A2 methyl heptadecanoate?} ]85, 7t
2 BAaAtEe] o), ¥3tx 183l cis/transd 9l

S8 noth Juurg A S the 2ol

Ri= (P81XWS170)/ (Ps17:0XWsis)
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Wsi7:0: X35
Psi70: 5% heptadecanoate(C17:0)¢] ¥ =13
Wsis: 2t
R Hkake] AL &3}
oleic acid®} linoleic acid®] B]&(0/L), &2 =7HIV),
AL s skA ] WS (U/S)S S48 1, 2o
AREE oo} Fo]l AT
Oleic acid®} linoleic acid®] H]&(0/L)=%oleic acid/
%]linoleic acid
L2 =7HIV)=(0.8601X%oleic  acid)+ (1.7321X%li-
noleic acid)+ (0.7854%X%gondoic acid)
stk sk L] B (U/S)=(%oleict li-
noleic+ gondoic acids)/ (%palmitic+ stearic+ arachi—
dic+ behenic+ lighoceric acids)
Gas chromatography £4d
A A BAS Qe A AFR¥ gas chromatography
Agilent Technologies 6890N &3] 7} AF&E Q) &A1 2
22 DB-23 capillary column(60 m><0.25 mm i.d., 0.25-
um film thickness, Agilent Technologies, Santa Clara,
CA, USA)o] AF&= 4L, carrier gas® helium(2.7 mL/
min)°] °]&H At FYT R AE7] 25 EF 250°CS
3L split ratio= 50:10]|H, EZLo] 25 93 =49} aire
HE71A 9 40 mLe}F 450 mL7} 42k ARE= STk
Oven &X& 27| 130°CAlA] 5:3F Wt & =9 4°C 7}
AlA 240°C7HA] &sAA 1583F
33] W&kl AAlkgint. A
o]&3alo] Ztzhe] mF-g AlXbE

3
=
:
x
T
2
1=
FN
o
to rlo

o] &3t FA AT
Tocopherols £

21824 vElTl o2 4#H 3 tocopherolsE 41317
Shin 5272 W& o3t thef 20 go] EF&
ARSI A7 E o] &ste] mie & % 1 g& F
125 mL kAol ¥ F 4 mLe] 7hdE go]&92(80°C
ol’HE 7rsted, AtslaAiE EEdst A7l % 10 mLY
isopropanol®} 5 g9 anhydrous magnesium sulfate
powder % 25 mL9 FE&(hexane : ethyl acetate,
90:10, v/v; 0.01%(w/v) BHT)E 7}3F & < 28%3F ho-
mogenizers A&-3od 5,600 rpm &t A ¢ 90%7F 72
A A 72 F vacuum bell jar filtration unit(Kontes
Glass Co., Vineland, NJ, USA)& |83l oJ=}st & fil-
ter cakeE YA 125 mL k=39 ¥ 5 mL iso-
propanol¥ 25 mL F&&WE ¥& & 72 ¥ o3& 53
stk AHE2 5542 0.45 pm nylon membrane
filter(GE Osmonics Labstore, Minnetonka, MN, USA)&

E9AZL F HPLC A28 ol §eto] BAlaholh, wE 4

=]
&3} 4 LS tocopherol?] 4F3tE HHA| et A} @Hl 9 filter
& AHele =9 stollA =5

HPLC 24

FE9 e 552 PFHE7]E o8-8 Normal-
HPLC A 2=81E o] &3te] &4 5t} Ab&¥ HPLC A2~
H-2 RF-10Ax. fluorescence detector(Shimadzu Corp.,
Columbia, MD, USA)$} Spectra SERIES AS100 auto
sampler(Thermo Separation Products, Inc., SanJose,
CA, USA), Waters 746 Data Module integrator(Waters
Corp.) ¥ Shimadzu LC-6A pump2 FA S A, &
ot e A2 9 LiChrosorb Si-60 column(4 mm
X250 mm, 5 pym particle size; Hibar® Fertigsidule RT,
Merck, Darmstadt, Germany)©] AF-&% ¢l ot o] 54
0.85% isopropanol/hexane°] i F4& £9 1.0 mLS
AT AES A% FFHAE719 21 excitation
3} emission wavelengthE 2+z} 2903 330 nm=z A 43}
Atk FYH AlEE 20 pLiith

Tocopherol E&EE HN|X

Tocopherol®] &S 93l a-, B-, y—, L83l §-toco—
pherols T&¥0] AF&% AL, 242+ tocopherolsd] %
2 =43}7] 98l ethanolell &ajA]71 & UV-spectropho-
tometer(DU-62, Beckman Instruments, Inc., Fullerton,
CA, USA)E ©]&3}9 extinction coefficientE %3}
th 7} o] 3AAE 54 S 4 294(a-T), 297(B-T),
298(y-T), 18] 298(6-T) nm%ith.

a-, B-, y-, 218 3 6-tocopherols? <=(purity)= 2}
7} 99.07, 82.47, 98.71, 18] 89.16%= H. T} ==
SEE HE o R g-, B-, y-, 283l §-tocopherols?]
stock solution®] %=+ Z+ 1.96, 1.65, 3.65, 2&]aL 1.80
mg/mLe] 1 2™ stock solutione —40°Ceol| A H#3} L,
wlH HPLC9] injectionoll AF8-% X% (daily working
standard)e #13 0.01%(w/v)2] BHTE &3 hexanel
2 8|43ty 747} 1.96, 0.26, 1.46, 18] 0.18 pg/mL=E
TrEo] g AREH AT

SAH X

FZol A FE3 AA tocopherol®] S Wk
I ZEEAE e, 72t FEE datad] 7oA AolE
dolr 7] 98] AF8%E ANOVA test= Tukey's multiple
test(/X0.05)E o] &3} 1L, SAS X &71(Statistical
Analysis System, Version 9.0, SAS Institute Inc., Cary,
NC, USA)S o]g3sto ettt

AE Ao SAA FAE A3 FAE 4 (principal
component analysis, PCA)o] A}&-5 I th PCAE F3lA
AN 23 AF PC(principal component)E A48} Az,

of WMEPRE 27t Auiol g Aeolvl, MAdnAE

H T
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A2} A = (variation)7}F 32 =4(PC1, PC2, PC3, ...PCn)
2 YeRSIth Zh7be] PC= eigenvalued] #hell whe} vhe}
YAt FeAdS 714 = PCE Kaiser's rule(28)S vlEHO.
2 eigenvalueZt 1.0 o)<l @9t o8 PCE 1H3}3ith.
Zk ¥ ol digk A ¥+= loading plotS ©]-8-38%1aL
&k A3} score plots ©]-&3te] FxES FolS
R ATt

, A=l

5= Virginia B¢, 7]
2Hg B VEoR AMEEHE
Spanish B4}, 1¥] I glo] EE w3y
Ao o7 AgFE Valencia BFY o] Atk oA
s = FEo diEiAE wFe] A7) e ER/E Fd
A A28y Yoz 2733 Ath Runner$}t Spanish
Ef§lo] &Ml %3, Virginia EFYS dHET o2 &7
=31 JTH30). o] ATl A Runner Byl digh 2}
S Hag b 2loj(31), & AT E dFEAR] Virginia
EfQle® BHEi NCV-11(n=15), NC-7(n=6) 18]l
Perry(n=13)¢} Spanish Bf¢g o2 ¢&# % Tamspan-90
(n=12)& A}&-3F31 a1, Spanish EFY oA} high-oleic %
¢l OLIN(n=8)°] AF&-E| ). 7} FFol uigh #Atke] 24
2 Table 19 YERH AT

wT FTOl M= A A4S B BEE FEOA
oleic acid®} linoleic acid #&°] AA 70% ©]’4& 24|
StaL ok F3Feo] A AL Ao A= oleic acid$} linoleic
acid®] BHI&O/L) T41E& Fed 1 ol f+ O/Le] BF
7159 AT Ao E7] Witolth. BT VES ol &%
AFANA A S Fol7] fIE1A= linoleic acid?
ShaFo] vtal, oleic acid®] o] H& FFS A= A
o] Z1golv FAlES A7IAE & & A= e 2
A7] wiZolth(30). O/L9] Hl&E AFH WA Virginia B4
Q1 NCV-11, NC-7, Perry®] 49 1.6144 1.742 /<94
zpo] 7} YAl @82 whH o) Spanish B} ¢l Tamspan-—
90> 1.152M A& FFE57e Fo4 AFo](/X0.05)E
Ebi it} USDA Nutrient Databank(32)9] Virginia %
of gjgk O/Lo] ¢F 1.68& H.§l1l, Spanish &2 1.219
O/L#ts BRItk sigltt. ol g A= 2 AF-oA
WERE Virginia®t Spanish %59 O/L#k¥ A A%&
YE AT & Ao Aol USDAS] X5 Z7(32)F X
M Spanish ¥%09| Virginia %Xt} %2 linoleic acid
g W2 oleic acid FHS HRlthe AL & 5 Uk
3tA 9k high-oleic F&°] et A= o}#] Wi e uprt

ol

o A ExsEe] daa 1621

SrA=

=2 O/LE B Aoz AE high-oleic #%91 OLIN
& 13430 h= 2 ¢S Bolv, high-oleic ¥&¢< O/L
712 (BDR 95 A3lete ATE BT oY g AR
X 2o A A3 microsomal oleoyl-PC desaturase@}+=
849 A4S E3) desaturationS EIH 02 A5
oE JE daleth2l). 3 2 Z 3= Andersen 5(26)
o] ol HEEZEY high-oleic FFo] HojFE O/L
Adtel A7t A3E Yehldoh 53] OLINS =2 *3}
A ¥kAF ¥] &S 2FA|8FE palmitic acid(C16:0) ol %=
FoH oz Fe 6.6910.44%S Ho] high-oleic ¥F9]
P BHAME G 2 AF LAZA S dEs &
A2 AHANAEEFS: 9.11~11.47%). GLEE 3}
WA % 319l gondoic acid(C20:1)9] &S Ay R,
AEEZY) A$E 1.11~1.36%2] HYES Ko7l gl vt
H, OLIN 2.11£0.33%<] H$1E& EAth o] OLINY

gondoic acid o] WEEFTHT 2 ANEZH Fo4
?l 2ol & Hol= ggFoltt. ol# g A= Andersen &
@26)A TN E YEFt o, ofd tigh Ad-S A Wit 3
Aol A A B o oleic acid(C18:1)oA] acyl group?)
H712 dojui= elongatione %34 gondoic acid’} A3
7 H= A2E o8 drol 7hssith OLINS %2 oleic
acid 52 B84 2l gondoic acidd] F71E Al-&3HA
= Aot} dlx4<] 28R AE] palmitic acid$} oleic
acid®] vkuld] A GA] ALte] AP HEE B3 A
o] 7Fs3slt}. Palmitic acide elongation A& A XA
stearic acid® W3 s o] W= A A’-desaturase®] Z )3}
oA desaturations &34 oleic acid® W 3}% 7| w0l
palmitic acid®} oleic acid®] -2 Wk E] WAS 714 A
HTH(33).

ZAke] Bt AEE UeE 895 312 oleic acid
of tisiA vl HAE H3Ath ol2f g vl A= li-
noleic acid®] 742} Aol 1o oleic acid®} linoleic
acid7} 7HA&= Wk E #ACl A F1E 4= ). dRkxo®
B &% 372 linoleic acide] %9 F71E x93
W, 1] gk o] f-E& Ak Aol #A A desatura-
tionS ZEu|8l= Al’-desaturase? EAEAS 73517
a2 UTh34).

o oFstA Ao A palmitic acid®] o] ¥ high-
oleic F&9 AF+v= ARt F5o nlal =ik gheol

2 HoladE d& F JrH383). vFHRIF S (The
American Health Foundation)= W2 W] &2 Z 32| WAt
MHAE A3t A= FAOA high-oleic FF9] o] &2
A D e AdE A X 298 A & AR
=™ (35), FUEEZIATARI oleic acidd] HHAE &
H 2" = 2 low density lipoprotein®] ZFAa&HE 7}
char del A Ieh(36). T8 Kris-Etherton 5(37)& ¢

2HE AAEHE Ve G EEZA o] BE S £

R=)
o
o ®
ey
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Table 1. Fatty acid profiles of lipid extracts from peanut cultivars"

Fatty acids (%weight)

. 2) 3) 4)
Cultivar Cl6:0  CIs0  Cls1  CIs2 200 €200 c220 o0 % v uss
NCV-11
#1 10.26 2.31 4252  31.16 1.17 1.35 2.80 1.60 1.36 91.60  4.14
#2 9.90 2.50 4720  27.10 1.21 1.17 2.52 1.42 1.74 88.46 430
#3 10.18 2.61 47.07 2734 1.23 1.06 2.43 1.35 1.72 88.67 4.4
#4 9.54 2.48 48.12 2444 1.17 0.99 221 1.22 1.97 8450 443
#5 9.86 2.46 46.73 28.38 1.22 1.16 247 1.44 1.65 9026 437
#6 9.77 2.35 46.18  28.80 1.17 1.15 235 1.37 1.60 90.51 4.48
#7 9.90 2.49 47.41 27.74 1.24 1.17 2.49 1.46 1.71 89.74 434
#3 9.58 2.60 46.61 25.95 1.20 1.00 221 1.27 1.80 8582 436
#9 9.69 2.35 4523 26.57 1.12 1.02 2.17 1.27 1.70 85.73 439
#10 10.03 2.45 44.63 30.00 1.21 1.60 251 1.73 1.49 91.61 425
#11 10.01 2.66 46.43 29.08 1.24 1.26 2.43 1.71 1.60 9129 425
#12 10.06 2.18 46.00  31.00 1.01 1.29 228 1.04 1.48 9427 472
#13 10.22 2.43 46.11 30.36 1.15 1.22 2.40 1.46 1.52 9320  4.40
#14 10.14 2.64 46.90  30.00 1.13 1.26 2.10 1.70 1.56 9329 441
#15 10.04 2.33 4624  30.20 1.15 1.28 2.35 1.45 1.53 93.09 449
Mean+SD 995+ 246+ 4623+ 2854+ .17+ 120+ 238+ 143+ 163+  90.14+ 437+
022"  0.14° 1.33° 1.99° 0.06° 0.16™ 0.18° 0.19° 0.15° 3.00° 0.14°
NC-7
#1 8.98 261 4540 2630 1.35 1.17 3.01 1.28 1.73 8552 423
#2 8.97 2.29 40.06  28.54 1.26 1.42 2.97 1.51 1.40 85.01 4.12
#3 8.85 2.60 4896  26.59 1.38 1.38 3.08 1.47 1.84 89.25 443
#4 9.60 3.24 48.01 27.23 1.51 1.35 2.96 1.60 1.76 89.52  4.05
#5 9.06 2.38 4826  29.78 1.22 1.51 2.85 1.14 1.62 9428 478
#6 9.19 2.74 4972 28.86 1.25 1.32 2.75 0.70 1.72 93.79  4.80
Mean+SD 911+  2.64+ 4674+ 2788+ 133+ 136+ 294+ 128+  1.68+ 8956+  4.40+
0.27° 0.34° 3.58° 1.38° 0.11% 0.11° 0.12° 0.33° 0.15° 3.93° 033"
Perry
#1 9.31 2.38 43.17  28.63 1.12 1.08 242 1.17 1.51 87.57  4.44
#2 9.38 2.13 4212 2946 1.04 1.16 2.46 1.16 1.43 88.17  4.50
#3 9.50 3.68 46.58  28.07 1.17 1.00 2.19 1.02 1.66 8947 431
#4 9.19 2.62 4770 2691 1.23 1.10 236 1.15 1.77 88.50  4.57
#5 9.19 2.70 4930 2631 1.34 1.12 2.49 1.32 1.87 88.85  4.50
#6 9.52 2.94 49.63 25.30 1.42 1.11 2.69 1.39 1.96 8738 423
#7 9.76 2.86 50.57 2577 1.34 1.07 2.46 1.28 1.96 88.97 437
#3 9.63 2.18 46.63 30.28 1.15 1.51 3.02 1.51 1.54 93.74 448
#9 9.25 2.74 48.21 29.69 1.28 121 2.54 1.32 1.62 93.84  4.62
#10 9.30 2.78 4834  29.60 1.34 1.22 2.54 1.39 1.63 93.81 456
#11 10.29 3.12 5249  25.15 1.53 1.35 1.54 0.89 2.09 89.77 455
#12 10.01 3.00 51.54  26.97 1.43 1.30 232 1.00 1.91 9207 449
#13 9.28 2.76 48.00  28.03 1.37 1.30 2.75 1.66 1.71 90.86  4.34
Mean=SD 951+ 276+  48.02+ 2771  1.29+ 119+ 244+ 125+ 174+ 9023+ 446+
0.34° 0.41° 2.97° 1.77° 0.14>  0.14™ 0.34° 0.22° 0.20° 2.39° 0.11°
Tamspan-90
#1 11.78 3.96 4182  35.55 1.64 0.97 3.05 1.23 1.18 98.31 3.62
#2 11.53 3.51 4222 3633 1.41 1.04 2.83 1.13 1.16 100.06  3.90
#3 11.66 3.90 4299  33.90 1.75 1.09 3.27 1.44 1.27 96.55 3.54
#4 11.59 3.87 42.75 34.89 1.68 0.93 3.03 1.26 1.23 97.93 3.67
#5 11.56 3.40 41.31 36.23 1.58 1.14 3.34 1.44 1.14 99.18  3.69
#6 11.78 3.63 39.57 3785 1.58 1.03 3.21 1.35 1.05 100.40  3.64
#7 11.21 3.90 4182  36.14 1.55 1.19 3.08 1.11 1.16 99.50  3.80
#3 11.32 332 41.87  37.03 1.39 1.10 2.94 1.03 1.13 101.02  4.00
#9 11.36 2.87 4148 3750 1.32 1.29 3.15 1.03 1.11 101.64  4.07
#10 11.40 3.30 4178  36.98 1.43 1.14 2.95 1.02 1.13 100.88  3.98
#11 11.07 3.36 4199  37.04 1.35 1.07 2.97 1.15 1.13 101.11 4.03
#12 11.34 2.99 41.43 37.48 1.33 1.32 3.10 1.02 1.11 101.59  4.06
Mean=SD 1147+ 350+ 4175+ 3641+  1.50% 111 3.08+  1.18+  1.15+ 99.85+  3.83%
0.22° 0.36° 0.85° 1L.17° 0.15" 0.12° 0.15° 0.16° 0.06° 1.60° 0.19°
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Table 1. Continued
. Fatty acids (%weight)
Cultivar Cl6:0  CIs0  Cls1  CIs2 200 €200 c220 caa0 0% v uss
OLIN
#1 7.00 359 7470 6.82 1.63 1.53 3.12 1.61 1095 7726 490
w0 6.03 219 7934 488 1.14 2.13 2.59 170 1626 7837 633
# 6.12 219 7917 495 1.13 2.14 2.59 1.71 1599 7835 628
#4 6.78 245 7538 629 132 2.47 3.43 1.88 1198 7767 531
#5 6.59 245 7650  5.86 1.24 2.43 3.15 1.78 13.05 7786 557
46 6.72 258 7583 577 1.34 2.41 3.41 194 1314 7711 525
#7 731 380 7593 5.75 1.60 1.83 2.48 131 1321 7670  5.06
43 6.97 314 7536 5.88 1.51 1.94 3.39 1.81 1282 7653 495
Mean+SD 6.69+ 280+ 7653t 578+ 136+ 211+  3.02+ 172+ 1343+ 7748+ 546+
044°  063° 176"  064°  020° 033"  040° 020 183"  070° 057

"Data represents the meantstandard deviation of triplicate analyses for each cultivar.

PO/L: Ratio of oleic and linoleic acids.
IV: Todine value.
YU/S: Ratio of unsaturated to saturated fatty acids.

>Means in the same column with different letters are significantly different by Tukey's multiple range test (P<0.05).

Fa ole] nutiel Fwdl AL glaL, ofH @ HES
AFEHA i A Aas s &8 a7t o
i sl

Tocopherols 23

3o 7t F5H 284 HEFTIQ] tocopherols &S
Table 20 YEFHATE. Tocopherold dukz ¢l W3 o 7
vitamin B2} %® &, o]& o-TY A48 Ad 6-hy-
droxychroman 7&& 7} E49] $H o2 Hojxn, T+
A o7 87FA Y o] dAAE 7HXITH38). ¥ 44F9 ME
N 471A] o] AA S o-T, B-T, y-T, 281 6-T7} 7
=5 Vitamin E9] o] A A FollA phytyl 28] H&
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AZEA Fioh BE FFA a-T x-T7F F8 toco-
pherol &0l a, AA 2 90% 7V& A8k}, A
5 FXE 1 total-Te 4 13.87 mg/100 gl A
26.38 mg/100 go HAE Wi, a-Te y-T7F 6.76
mg/100 goll A 12.24 mg/100 g 18] 3L 5.28 mg/100 gl
A1 15.02 mg/100 g9 25 712 et FA14 4
© = Perry $%9 a-T %2 high-oleic #%<! OLIN
ZZRU F94(X0.05)02 =& A3E Bl Toco-
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Table 2. Tocopherol contents of lipid extracts from peanut cultivars”

Tocopherols (mg/100 g of kernels)

Cultivar a-T B-T v-T 5T Total-T
#1 12.00 0.17 8.22 0.46 20.84
# 11.49 0.17 9.25 0.54 21.44
#3 9.04 0.27 14.52 1.17 24.99
#4 8.95 0.24 15.66 1.07 2591
#5 9.15 0.23 12.99 0.81 23.19
#6 9.84 0.24 14.81 1.02 25.92
#7 9.44 0.39 15.02 1.14 25.99
#8 10.46 0.25 11.29 0.82 22.90
NCVv-11 #9 10.04 031 14.91 113 26.38
#10 8.96 0.30 8.92 0.50 18.68
#11 8.58 0.30 10.16 0.67 19.71
#12 9.19 0.32 8.76 0.48 18.75
#13 10.27 0.33 8.82 0.53 19.95
#14 10.09 0.36 8.49 0.54 19.48
#15 10.44 0.30 9.84 0.53 21.11
Mean+SD 9.86+0.97" 0.28+0.06" 11.44+2 86" 0.76+0.28° 22.35+2 87
#1 10.99 0.10 7.70 0.30 19.09
# 10.25 0.09 6.71 0.25 17.31
#3 9.67 0.10 6.58 0.32 16.67
NC-7 #4 10.12 0.29 5.28 0.25 15.94
#5 9.18 0.19 591 0.17 15.45
#6 9.36 0.28 7.74 0.38 17.77
Mean+SD 9.93+0.67" 0.18+0.09" 6.65+0.97° 0.28+0.07° 17.04+1.32°
#1 10.49 0.24 11.32 0.82 22.88
#® 10.00 0.34 10.49 0.73 21.56
#3 10.57 0.19 13.45 0.75 24.97
#4 11.52 0.11 7.68 0.31 19.61
#5 10.95 0.10 7.65 0.30 19.10
#6 10.85 0.10 7.54 0.27 18.76
Perry #7 12.24 0.14 9.97 0.56 22.92
48 9.65 0.20 7.75 0.25 17.84
#9 10.74 0.22 6.74 0.28 17.98
#10 10.25 0.22 9.25 0.36 20.08
#11 7.95 0.10 6.71 1.02 15.78
#12 9.92 0.20 8.30 0.24 18.66
#13 10.54 0.22 7.99 0.27 19.02
Mean+SD 10.44+1.01° 0.18+0.07° 8.83+1.98° 0.47+0.27" 19.94+2.51%
#1 9.70 0.10 7.73 0.51 18.04
# 9.00 0.08 7.22 0.36 16.66
#3 9.93 0.10 6.97 0.37 17.36
#4 10.43 0.11 7.71 0.38 18.63
#5 11.18 0.11 9.22 0.47 20.98
#6 9.61 0.10 7.77 0.41 17.89
Tamspan-90 #7 8.30 0.21 9.01 0.64 18.16
#8 8.43 0.28 9.16 0.72 18.59
#9 8.14 0.24 9.06 0.69 18.14
#10 7.61 0.16 8.61 0.33 16.71
#11 7.27 0.17 7.88 0.31 15.62
#12 7.53 0.16 6.80 0.24 14.73
Mean+SD 8.93+1.25%® 0.15+0.06" 8.10+0.88° 0.45+0.16" 17.63+1.60°
#1 8.16 0.36 6.56 0.68 15.76
#® 9.01 0.26 6.37 0.35 16.00
#3 7.47 0.22 6.44 0.26 14.39
#4 6.76 0.24 6.58 0.30 13.87
OLIN #5 7.59 0.25 7.34 0.30 15.49
#6 8.51 0.17 7.95 0.62 17.25
#7 11.70 0.14 11.26 0.65 23.75
48 11.23 0.12 9.64 0.94 21.93
Mean+SD 8.80+1.78" 0.22+0.08" 7.77+1.79° 0.51+0.25" 17.43+3.61°

"Data represents the meantstandard deviation of triplicate analyses for each cultivar.
Means in the same column with different letters are significantly different by Tukey's multiple range test (P<0.05).
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Table 3. Pearson correlation coeffcients between percent levels of fatty acids and contents of vitamin E in peanut cultivars

C16:0 C18:0 Cl18:1 CI8:2 C20:0 C20:1 C22:0 C240 OL IV US oT BT T &T
C16:0 1
C18:0 042" 1
C18:1 -089° -0.12 1
C18:2 095 023 -097 1
C20:0 025 087" 0.04 006 1
C20:1  -080° -028° 0.86 -0.82° -0.08 1
C22:0 -0.04 033" 016 -0.07 0.50° 034" 1
C24:0 -055  -028° 0.54° -058 -005 062" 030" 1
O/L 085 -0.09 097 -093 004 087 025 056 1
v 092" 036 -0.82° 094" 0.19 -066 008 -057 -0.78 1
uU/s 091" -051" 086 -0.86 -040 079" -0.12 040" 083" -0.76 1
o-T 006 -0.01 -021 0.10 001 -037 -022 001 -025 -0.08 -022 1
B-T -0.18 -042" 0.0 -0.12 -053" 0.10 -032" 0.15 006 -0.13 027 -026 1
y-T 012  -0.16 -0.19 008 -035 -035 -046. -0.13 -020 -0.08 -0.13 0.16 035 1
5-T 005 -0.06 -003 -006 -0.16 -022 -042 -0.08 -0.04 -0.18 -0.06 001 037 083 1

*Signiﬁcant at P<0.

7} tocopherol®] AF

05.

HAAE

5 Au, B-Te] 49+ lig-

noceric acid(C24:0)& A|9|gt & Z X WAka) dhu] &)
AAE 1At} 70E tocopherol isomer?] #A A= y-T
o} 6-T7} =& W ElBA(=0.83, /X0.05)F VeI

PCAEA S %3
(28)°] &= = variance

£ Qo] Z7he] WAste) BAE

Table 4°] YJeEHS
AA ] 45.27%%

}\l-_q% 1

A2 15709 PCsollA] Kaiser's rule
(eigenvalue>1)E 712 PCs 47}
gkow, I A3E

4= }XL variance’} & PC19] A 9=
i, PClol| Zgk AaaAE 7}t
Z W <== palmitic acid(0.96), oleic acid(=0.95), linoleic

242519

Table 4. Eigen analysis of the correlation matrix loadings of

the significant PCs

Variable pC1” PC2 PC3 PC4
C16:0 0.96” 0.06 -0.01 0.15
C18:0 0.39 0.63 0.55 -0.19
C18:1 -0.95 0.16 0.19 -0.07
C18:2 0.97 -0.03 -0.23 -0.06
C20:0 021 0.79 0.51 -0.08
C20:1 -0.90 0.23 -0.15 0.15
C22:0 -0.11 0.76 -0.06 -0.19
C24:0 -0.65 0.11 -0.02 0.11
O/L -0.93 021 0.17 -0.11
v 0.88 0.17 027 -0.23
u/s -0.92 0.17 -0.16 0.00
o-T 0.20 -0.13 0.25 0.88
B-T 021 -0.64 -0.18 -0.45
y-T 0.16 -0.75 0.51 -0.11
5-T 0.04 -0.60 0.65 -0.28
Eigenvalue 6.79 3.20 1.56 1.27
%variance 45.27 21.33 10.41 8.48
Cumulative%” 4527 66.59 77.01 85.49

1)Only PCs which have eigenvalue above 1 are presented.
Eigenvalues of PC5 to PC15 were below 1.
?Bold numbers correspond to each PC.
?Sum of total PCs (PC1 to PC15) generated in the matrix are

100%.

acid(0.97), gondoic acid(-0.90), lignoceric acid(-0.65),
0/1(-0.93), 1V(0.88), U/S(-0.92)°]H, A A <] 21.33%%
2} A sk PC22] 75+ behenic acid(0.76), B-T(-0.64),
a8l3 y-T(-0.75)9}9] =& AAAAE Bt 183
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PAE JehidYh 2.3 PCE 7€ PC1~PC4= AA
9] variance % 85.49%% A" 3li= ¥ varianceS H.SITH
olggt PCA Aol A 742te] WaE3}e] #AE Fig. 1
o YERHSAEE Loading plot PC1-PC2(Fig. 1A)¢] #AS
B gd B x3} 24kl oleic acid$t gondioc acid’}
palmitic acid, linoleic acid, 21l IV$}e] =L dkn] g
BAE HgFa low, PC29 X 3FA|WAk(stearic acid,
arachidic acid, behenic acid)Z}2] 4@BAE HAFI 9]
t}. Loading plot PC3-PC4(Fig. 1B)ol| A= a-T<} B-Te}F
o] & Wl FAE A Qstare Z AolE HolA %3
=3
7y B3 58 AJAAAE YERY = score plot Fig.
20 el AT}, Score plot PC1-PC2(Fig. 2A) A= A
%% 7 high-oleic #& 79 gdgt 1548 #8E g2l
sk 9= 2l3lt}. o213k £+ high-oleic E%o] PCl9l 2
gk Zkgk vl FAo) o)k AR & 4= 9lvk PC2e o g
#A= PC29 HlE A1 #AE Holi= Spanish FF<!
Tamspan-903 W] H A A AAE Hel= NCV-11
HEH9] AolE &2l & 4 A H. Score plot PC1-PC2
o v]&] PC3-PC49] plot(Fig. 2B)oll A+ 53 254
T YERYA kgt

fo

OF
=4

i

vlsak B3] A8 AR A5 A8 Ik FFH hi-
oleic FFo°| 7+ A A€ vitamin 5 sh<l

tocopherol®] A3} 1o o3k AATAAE A BTt F

S



1626 2
1
(A)
C22:0
C20:0
c18:0
0.5 T
C20:1
o v
o
f: C18:1 / C16:0
“ C24:0 —
- 0 T
IS —
~ X C18:2
E a-T
u/s
-0.5 T
B-T T
y-T

0 0.5 1
PC1 (45.27 %)

1
T (B)
05 1
:-\°\ C24:0
®
g, uss C181
< C20:0
= C18:2
3 /N 4
& 20:1 C16:0 Ci80
2200 o-T
05 B-T
-1
-1 05 0 05 1
PC3 (10.41%)

Fig. 1. Loading plots of PC1-PC2 and PC3-PC4 for fatty acids and tocopherols in peanuts. (A) PCI1-PC2, (B) PC3-PC4.
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Fig. 2. Score plots of PC1-PC2 and PC3-PC4 for fatty acids
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