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Comparison of Autoxidative Stability and Minor Compounds in
Oils Extracted from Bran and Germ of Keumkang Wheat
and Dark Northern Spring Wheat

Hyunki Choi and Eunok Choe*
Department of Food and Nutrition, Inha University

Abstract

Autoxidative stability of wheat bran and germ oil extracted from Keumkang wheat (WBG-K) or Dark Northern

Spring wheat (WBG-DNS) at 50°C in the dark was compared by peroxide values (POV) and fatty acid composition by
gas chromatography. Changes of minor compounds were monitored by HPLC. WBG-K showed significantly higher
linoleic but lower oleic acid content than WBG-DNS. WBG-DNS contained more phospholipids but less tocopherols and
carotenoids than WBG-K. POV of oils was increased during storage, with no significant difference in the oxidation rates
between two oils. Tocopherols, carotenoids, and phospholipids in both oils were degraded during the autoxidation. Total
phospholipids content showed the highest correlation with the degree of oxidation in WBG oils. The results clearly showed
that both fatty acid composition and contents of tocopherols, carotenoids, and phospholipids co-affected the autoxidation

of WBG oil.
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e F(Keumkang)L-2 321 7H8-8-"¢(Gurye, Korea)
O ZHE YA Y] Dark northern spring(DNS)E-2 &
O}A|%-(Incheon, Korea)S ZH-E] 3o ®oft), o] 48t il o]
2ZZIEL T, Baker(Phillipsburg, NI, USA)2] A& AF&-3t
Ao, 14% BF,-WIEHE, palmitic acid, stearic acid, oleic acid,
linoleic acid, linolenic acid, heptadecanoic acid, copper(Il) acetate
monohydrate, pyridine, o-tocopherol, &-tocopherol, o-carotene, -
carotene, lutein, zeaxanthin<- Sigma-Aldrich AKSt. Louis, MO,
USA)2] AlFo| T}, a-Tocotrienol, B-tocopherol, y-tocopherol, B}
ZaZnE 2] Fprecoated Kieselgel; 60 F**)-2 MerckAt
(Darmstadt, Germany)ol|A] T+ 3}%1 3L, phosphatidylethanolamine
(PE), phosphatidylcholine(PC), phosphatidylinositol, lysophophati-
dylcholine2 Supelco AH(Road North Harrison, PA, USA)2] #|3¥*
ol L 9] BE Aok dFAooltt.

Yol Yt HE 24

e G, 9, 2, T3 28R GRS 27 AOAC
#(25) 925.09, 979.09A, 920.39C, 22|37 923.030] Azt AR
sttt

LI|Sa UH{OIRFE |A F=

AAE F74Y T DNSE 3kgs Z@olg# X HW(33
cmx39.7 cm, S.C. Johnson & Son, Inc., Racine, WI, USA)°ll ¥
FE3Fgo] 16%7F HEE 7H AT et AOACH (25) 925.09
o slate] FEUAS AT ALl 12417 5 WA
T test mil(MLU-202, Buhler Brothers Ltd., Uzwil, Switzerland)
£ olgat] i s AlASIAL D& Whjol EFES A
At

U71e3 Wajol EFE 180 goll #-HA 900 mLE B3 40°C
T2 A 24)7F F<F 218 H Biichner funnels} & 2}A](What-
man No. 42, Kent, UK)E AMHE-3l] 729F o338ttt ==
5 n-32ke 3T E7|(N-N series, Eyela, Tokyo, Japan)s
ARE-3te] 40°ColA] A AT & W71&F HjolollA FE3 {A
(wheat bran and germ f; WBGH)E d%len AL 3 %
—80°C W&ol BaAste] o]& Alg®E ARSIt

WBGH<e| XtS4tst

WBGH 7g& AEHQOmL) B3, 3719 9 $l3l o
A9} open-capped aluminum capl 2 YT =T AFHS &
Frlgada 7 LS 2SI 50°C ovendl] Hol 12 E<t
AdsiaA 3dnict Aol A5G A 23] WHE HAS]
At

WBGRe| Msfordyd 3 RE|X[Eat, XKW =8 24

A-EAkste] tigk WBGHRE Absiedde kslEgh Hels
AOCS®H(26) Cd 8-532.2 ¥713lict. olet &7 felxyAit
g wlAld Hel WBGHol 5% cupric acetate 22 (pH 6.0-6.2)
5 4Jo] 141%-2]7](H-500R, Kokusan Ensinki Co., Ltd., Tokyo,
Japan)Z 1,470 goll A 228 4SS UV-Visible spectrophotom-
eter(HP 8453, Hewlett Packard, Wilmington, DE, USA)S A}-&-3}
o 715mmelX FFEE SH3ATH27). WBGHE A4
SFaFe oleic acid®] 7 =14l (Absorbance=13.74xoleic aci(mg/L)
+0.0112; r=0.9982)% o]-&-3te] 3ttt WBGHS] A4k 274
< WBGHE 14% BF,HEE2 WE o 2H3)gt & 7tAxg2n)
ET#)3(gas chromatography; GCO)HL 2 #2131 TH28). Supel-
cowax 10 capillary column(30 mx0.53 mm, 10 pum thick; Belle-
fonte, PA, USA)¥} E2o|2311&7]5 422 Younglin M600D
GC(Young Lin Instrument Co., Ltd., Anyang, Korea)s AR-3}51
om, oF, FU7, AE71e] &xe 77} 230, 270, 280°COIA
o} A9l &%= 5ml/min, split ratios 33:1°] 1T

WBGR2| D|HHEE &4

WBGHe EXRHE T &NA ARmE T3 (High per-
formance liquid chromatography, HPLC)E AF&-3}¢d -8l TH?29).
WBGH 0.1gS n-32F 1 mLell %9]32 hydrophobic 0.2 pm mem-
brane filter(polypropylene syringe filter; 0.2 umx13 mm; Tokyo,
Japan)2 J3}¢k ¥ 20 uLE HPLC(Younglin SP 930D, Young
Lin Instrument Co. Ltd)°] FY3FATh ZHL  u-Porasil™
(3.9x300 mm, 10 pm 1D, Waters, Milford, MA, USA)S AMS-31%)
7, oEgoRE nEikol AT e EFE(995802, vA)
19 2.0mLe] $52 8FAZ o] o FFHE71e
excitation 290 nm, emission 330 nm°]{t}. WBGH2| EZH)
e 2 B ES] HIFFAE o83t it
WBGH2] 7FZE|0] =5 AOAC 970. 645 (25)0.2 A|2E H|
3 AL F p At Ho A S IHANTSEINN
series, Eyela, Tokyo, Japan)& AM&-3te] 40°CellA] 8wl & A A3}
3 7)o 1mLe n-g)iholH B e BT (10:7:6:7, V/VIVIV)
o] &3+8vlE Yo PTFE syringe filter(0.2 pmx13 mm; Tokyo,
Japan)& &13}$F & HPLC(Younglin SP 930D, Young Lin Instru-
ment Co., Ltd)o] 20 uLE Y3 th(14). ZHS p-Porasil™
column(3.9x300 mm, 10 um ID, WatersyS ARSI, ol 5H4S
2E pArholAx 2 g0 T8 (973, vv)E AR H,
B ImLe £x2 &AL, UV HE7] 32 436 nm=
a9tk WBGHE 7IRE o= e ¥F pItRE, FHQ,
Aokl o] AFFAE o]-83ste] Fatsirh

WBGHol eh3-8 QIXE a2 Nzai¢}t Proctor®] W30y
o|g3te] urFaZntET I} WA ER E R (densitometry)S
AMEEte] FESITh WBGHE SREEFMEE95:S5, wv)o] &
gra-dlo] kA3 =9 3 0.1mLE FHsl HEFhde] ZHgH
TLC el BAg &, FE2ExFmehe 59 E3H80)(75:25:3,
vivV)Z 2Z3FE TLC chamberollX] Z/NAZATE Al & 2o==
231 chamberol| X 587F WAAIZ] 3 FFFH RS WL &
A3tal BIA|E P E|(Model GS-700 Imaging densitometer, BIO-
RAD, Hercules, CA, USA)YE A8-3}¢], 3% PC9 PEY] A%
FAo2RY ATt
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Xtze| SAHXE

AaE EAAER AZEY ISl SASPC(SAS 9.1, SAS Insti-
tute Inc., Cary, NC, USA)S A8-3}] EYHEE 77 (indepen-
dent sample TTEST), U5 %1737 (Duncan’s multiple range test),
3] AE2 (regression analysis)oll 2J3] #4313 oul] fFol4E
5% skt

al 71X

247 al &

—_

=2t DNSHe| AbME

e Fi, zud, =AY, 23R e 47 114,
13.0, 1.6, 1.3%°] 2™, DNSE2 747} 125, 12.2, 1.6, 1.6%°]
Atk & Ade FHEe Sy 2oid, 238 ghegol
7}z 11.68, 14.74, 1.57%2= o1& 23 (31)9} DNSHO| 1%
2} zobzl 238 Shgko] zbzb 12.1, 138, 1.7%2aL 3 B
3(32)%k fFAFsESAT

WBGSe| +8 U =M

=743 DNSES AR v BE 7)1 wjols 2k
B A BAER A Jed], on ¥ Wl 71834 ujole
T2 27 173, 13.1%2 27384 ko] Bty vt
071&3 wjol2HE 53 WBGHY +&< S99 DNSY
oAl ZHzt 3113 3.06%E T Al Atelel]l frolgh ztole YIS
@E>0.05). ¥ AoIr A& 759 F&2 TEE i FE
3k 7189 58] 128%2H= 6 M3 =2 oot
T Yhjol2 2 AL FER FEE 10%33)0l vl =
w2 Zhol .
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Table 1. Characteristics of WBG oil

Keumkang Dar}( Northern
wheat Spring (DNS)
wheat
Peroxide values (meq/kg of oil) 1.4140.13*)  1.14+0.14°
Free fatty acids (%, as oleic acid) 3.79+0.02* 3.07+0.07°
Fatty acid composition (relative %)

C16:0 17.58+0.74*  17.81+0.06"
C18:0 0.84+0.05° 1.17+0.01*
C18:1 17.05£0.01°  20.65+0.16
C18:2 60.97+0.92*  56.37+0.04
C18:3 3.55+0.14* 4.00+0.12°
U/S ratio 4.43+0.23" 4.27+0.02°

Tocols (mg/kg) 5,549.7£152.4* 5,197.8+192.1°

o-Tocopherol 1,675.5434.0° 1,215.5+44.6

B-Tocopherol 353.3+21.7* 227.8+7.9°
y-Tocopherol 675.7£18.5"  765.7+41.3°
8-Tocopherol 2,639.3+82.5* 2,713.7+104.5"
a-Tocotrienol 205.9+4.2° 275.0£7.9°
Carotenoids (mg/kg) 139.7+4.1* 139.6+2.7*
B-Carotene 71.2+0.8° 59.8+1.5"
Lutein 35.4+2.4° 39.9+1.8"
Zeaxanthin 33.1+0.9° 39.9+2.4°
Phospholipid (g/kg) 45.5£0.3" 51.1+1.8"
Phosphatidylcholine (PC) 31.5+0.3 38.3+1.1%
Phosphatidylethanolamine (PE) 14.0+0.5° 12.8+0.7°

"Different superscripts mean significant differences between Keumkang

wheat and DNS wheat by independent sample #-test at o=0.05.

7097 DNSEoA 42 FA¢] 542 Table 13} T,
74 WBGHE] 4akslEz-e DNSHe WBGH 2 =2 7
ol Folgt Aol fIATHE>0.05). FRIATAERS S
WBGH7I DNSE WBGHol HJ3l] felskl =34th(p<0.05). WBG
o FE Ake goEsh Y4, 2Ed)lt, 2zt
3, ZHol22ke offk FEo] AYeH, EXSA WAk 23]
A ¥Fake] ¥E(U/S ratioye w7422l WBGH<} DNSZ 2] WBG
FolA 7zt 443, 42702 frold Aol Tk ElEEAre
744 WBGHOl, S84 DNSYE WBGH #2lskA Zo] &
FE AATHp<0.05). 742 WBGH= DNSY WBGH HTh
S 2ol gk J9LH(5,549.7 ppm), F V1B EF §-E
A E ol 7P JUTE JIRE X0 E F T F 715
A BS=ElaL BTkERle] 7P Bkl FEIQl Alopztlx F
fEo] ATk X Fe] &> DNSE WBGHOAM o =93
(51.1£1.8 ppm), F 7|54 BF PC7F PEETH ¥3dth.
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s

WBGHe| AtSitstordy

=748 T DNSHOX F&3 WBGHE 50°C o7& el
A 124 Bt ABIAEE W] HkslERk WSk Fig 13 2tk
73U = DNSHOA 53 WBGHS] IbelEzte #4 A
24z 14153} 1.14 meg/keol oy 128 A% 5 242t 6.803 6.39
meqkgl E 81 (p<0.05) 718l ©l= WBGH7E AkAs}
wh&ate] IkslES A SEA 7118 (13). Table 2= WBG
o] st Asitslr|zkte] ARdAlE BelET) As
28} 71 7k FakakEgre] ARl B4 $EE02H(12>0.95)
744 WBGHS DNSY WBGH #iHeEg S7kes 2bt
044, 0.45meqkg/day= F742 WBGHS DNSE WBGHE] 3
AsERe] S7HEECE fold Aozt fliThp>0.05).

AHEAks o] WBGHRE XWatzA sl Table 33 7o
7433} DNSHolA FE3 WBGHS AtzAe dujelt
o] Ztz} 17.58, 17.81%, Z=Ho}24ko] Ztzt 0.84, 1.17%, 294k
o] Zz} 17.05, 20.65%, BlEdlate] 2+t 5637, 60.97%, 2=
Zbo] Zhz} 355, 4.00%c100H, syt XErE 2752 WBG

8.00

Peroxide value (meq/kg of oil)

0.00

Oxidation time (day)

Fig. 1. Peroxide values of oil from wheat bran and germ during

oxidation for 12 days at 50°C. @, Keumkang wheat; O, dark
northern spring wheat
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Table 2. Regression analysis between oxidation time and
peroxide value during autoxidation of oil from wheat bran and
germ at 50°C for 12 days

Regression parameters"
Wheat & P
a b r
Keumkang wheat 0.44 0.97 0.9586
Dark northern spring (DNS) 0.45 0.58 0.9536
wheat ’ ) 797

YPOV (meq/kg of oil)=a oxidation time (day)+b, r’=determination
coefficient
Frolxe Eaiite] 2adhs S H3L DNSE WBGH
e eael daote A0S nait ) sl 94
FE e, gEdlit 59 I EEsAARgrFo] 7hAstar
R EA o ZsAMME o] FrbelERE U/S HIE(EESE
ARSI RS A28 ARsE Hrieshe FHER o]8E o]
STH34). B4 WBGHS] USS Bl &2 Asl7|7bel] whel 7hast
£ 42 uYoY §98 Aol HULCH(>005), DNST
WBGHOAM = vl d8sA 4= ATHp>0.05).

w2 A= DNSE WBGH HIg] frolsh 42 &4
o Be PEdle BRESIE BT T4 WBGH
7b Ashtsl Lol 2 Apolvt Qles HAFlen, oldle A
WA 2 ojo] TR mlabgiel U Jlofle Ao Az

WBGR2| AtSitst & 0|2ME st

7Y E= DNSE WBGHE] 50°ColA 129 Sete] zHsAt
3}l F EIv B3 EFE A& sk Fig 29 2ok &
Fd WBGHolE o-E39E(1,675 ppm), B-EHE(353 ppm), y-
EI9 (675 ppm), 5-EZH Z(2,639 ppm), a-EZEZ A-E(205
ppm)°] FHFES] ARLH TNEE AsAts AHE W 2 T
2 Haste AFoloy sz wE fos Aol glo]
(@>0.05), WBGHo| A-54tslset EXdE 9 EFEZE0]
w3z okgehs HoFEQt) DNSY WBGHOlE o-EZIHE
(1,215 ppm), B-EZZTZ(227 ppm), y-EZLHZ(765 ppm), 5-EL|
22,713 ppm), a-EZEZA-EQ275ppm)e] U™ = IHF
(5,197 ppm)S 278D WBGH-(5,549 ppm)el A BT} 29kth, DNS
2 WBGH % EFNE 9 EFEALY e 2477k
=0t 5,197 ppmol A 4,739 ppmeE 523} (p<0.05) ZFA3kdTh.
EFHELS §A UL F4AE F chromanol«] JE7 =
WFZEE v chromanoxyl #HtZE @43 ¥ e o

B0 25k P94 2 v PR ) 631

Keumbkangmil DNS
6000 4 6000
5000 5000 4 e,
[}‘D o]
= 4000 4000
]
S
=2
-
= 3000
£
=
]
]
=

2000

1000

0+

o 3 6 9 12

Oxidation time (day) Oxidation time (day)

Fig. 2. Change of tocols contents of oil from wheat bran and
germ of Keumkang wheat and dark northern spring (DNS)
wheat during autoxidation at 50°C for 12 days. Keumkang wheat:
-@- o-Tocopherol; - A- B-Tocopherol; - @+ y-Tocopherol; - @- 5-
Tocopherol; - M-, a-Tocotrienol; - M- Total, DNS wheat: - - a-
Tocopherol; -A- B-Tocopherol; - O-- y-Tocopherol; -O- &-
Tocopherol; -[1- a-Tocotrienol; [+ Total

I 9hEste] EXEF =, EXHE-ERNETAE o/dA F

343 $+}(35,36). Table 4— WBGH9 EFHE 2 EFEF
22N &3 As7170e] ARAAIE BolEr) 4k 7k
770 WBGH<} DNSE WBGH EFA EIHE o]
T wEFEZAE {all&Eert 247t 116, 1.73%/day= 7t
akgtq, o-, B-EFHES] #3E& == DNSE WBGH7F &
4 WBGHN vls] #2351 (p<0.05) =4t} Kupezycket Gogo-
lewski(37)y= QulloHTE 20°Collx ZAgoll 797 Bl s o
w-EREZQNE] 26% SAEY -EAAE, -EFAAE, B-EZL
HERT Bekgslgon ol EFEDL] EFHE v]s)
B33yt 7] uiEolgkal SFTHES).
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Table 3. Fatty acid compositions of oil from wheat bran and germ during autoxidation at 50°C for 12 days

Autoxidation time

Relative content (%)

Wheat u/sh
(day) C16:0 C18:0 C18:1 Cl182 Cl18:3
0 17.58+0.74 0.84£0.05 17.05+0.01 60.97+0.92 3.55+0.14 4434023
3 17.52+0.52 0.98+£0.07 17.66:0.04 60.25+0.31 3.59+0.19 4.41£0.13°
Keumkang wheat 6 18.14+0.20 1.22+£0.02 17.84+0.11 58.56+0.09 4.23+0.02 4.16£0.05°
9 18.28+0.53 1.23+0.03 17.8240.10 58.49+0.31 4.18+0.09 4.1340.13°
12 17.98+0.69 1.20+£0.04 17.98+0.11 58.85+0.35 4.19£0.19 4214018
0 17.81+0.06 1.17+0.01 20.65+0.16 56.37+0.04 4.00+0.12 4.27+0.02"
3 17.75+0.17 1.22+0.02 20.80+0.18 56.36+0.06 3.87+0.05 4.27+0.05"
2;;&;‘:;}1‘:;? 6 17.72+0.45 1.14+0.10 20.75+0.28 56.62:+0.09 3.76+0.16 4.30+0.10"
17.18+0.31 1.11+0.02 20.76+0.18 56.61+0.04 3.7440.15 4.29+0,08"
12 17.69+0.04 1.09+0.02 20.67+0.08 56.76+0.06 3.80+0.00 4.33+0.01°

YU/S : Ratio of unsaturated fatty acid to saturated fatty acid; Different superscripts mean significant differences among samples during oxidation

by Duncan's multiple range test at a=0.05.
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Table 4. Regression analysis between oxidation time and tocols
retention (%) during autoxidation of oil from wheat bran and
germ at 50°C for 12 days

Table 6. Regression analysis between oxidation time and
carotenoid retention (%) during autoxidation of oil from wheat
bran and germ at 50°C for 12 days

Regression" ) Regression"
Sample Tocols Sample Carotenoids
a b r a b r2
a-Tocopherol ~ -0.43*? 98.85 0.6973 B-Carotene -1.932  100.16 0.9666
B-Tocopherol ~ -0.61° 97.11 0.3800 Keumkang Lutein -2.80 91.46 0.7857
Keumkang ~ v-Tocopherol -0.24 97.37 0.2340 wheat Zeaxanthin 2.71 89.76 0.7006
wheat 5-Tocopherol -0.18 97.82 0.1935 Total -2.34° 95.49 0.9069
a-Tocotrienol -1.16 98.65 0.8440 B-Carotene -0.83h 102.49 0.4600
a-Tocopherol ~ -0.89"  97.98  0.7551 P ONS) Zeaxanthin 289 9953 0.9461
B-Tocopherol -1.82% 97.34 0.7062 Total -1.74° 98.70 0.8905
Dark north
s;lrring (()DI\%I)I v-Tocopherol  -0.59 96.12 0.4469 UCarotenoid ~ retention  (%)=axautoxidation  time  (day)+b,
wheat d-Tocopherol ~ -0.45 96.91 0.4172 r’=determination coefficient
o-Tocotrienol ~ -1.73 98.69 08112 IDifferent superscript means significant differences between Keumkang
Total 0'70 97.16 0.6233 wheat and DNS wheat by regression analysis using dummy variables
ota -0. . .

"Tocopherol retention (%)=axoxidation time (day)+b, r’=determination
coefficient

IDifferent superscript means significant differences between
Keumkang wheat and DNS wheat by regression analysis using dummy
variables at a=0.05.

WBGHE 50°ColA] 1227F AFs4ks) AZS o 7F2E| 0=
32k W3le Table 59+ 2t 74 WBGHOIA pII=Ee 712
ppmell Al 55.3 ppm, FHIN-S 354 ppmellA] 21.6 ppm, AJopHE-S
33.1 ppmellAl 204 ppmlZ F-25HA A8 3 (p<0.05), DNSHY
WBGHIHE B7IEES 59.8 ppmollA] 522 ppm, FE|S1S 399
ppmOll A 28.5 ppm, Ao} 39.9 ppmell A 24.7 ppmeE 2]
A A ATHP<0.05). °1E WBGHS A54tsl 5t 712E
rol=7k B EAeS on|gt) JIRE o B Slo|=EA] g
Uz 5 AfEit e £4aF FA AL FIEE R gtz
o] o FHe| B Huds} oz Jt2E HiskE
< P4 o] ISHELS Falsle] slo|=EA] FIRE| o],
epoxy 7FRE|=0]E Fo] ASlE-S AJAETH(13). Table 62 WBG
fro] 7I=Ero|=e] N &Y WBGHE AFsAtsr|kate] A
@A ot F74E WBGH F JIRExO|E B4 (2.34%/
day)= DNS¥ WBGH F 7I2E|x0]E= E3|&5(1.74 Y%/day):

o)l EUTHP<0.05). T3 FH Q1 AoptElo] prtEEl
o] vla] w743 DNSZ e WBGH9] 2kt & #3l7F o w2

at o=0.05.

A dolde & & Atk AopE e g EA) A pItE
elo] w]g] wa] EaEe AL Woodall 52 ATFBI)OIME X
28 vk k. fAAM = AEidsE dojue 5 fAET
Z, Flslgozd 5 B2 FRe grize] AAET1.
WBGHE 50°ColA 129 &<t As4tst A17S o PCet PE
o] g WHalE Table 73 Zkth 7Y WBGHS] PCS} PES]
share 74zb 31.5, 14.0 gkgol1 3 DNSY WBGH-2] PCS} PE2)
ke 74zt 383, 12.8 gkgolRew 12¢ A3l 3 F73W WBG
<] PCS PEY TS 145, 11.6gkgS 2, DNSE WBGHS]
PC9 PEY S 7ZFz} 292, 108 ghkgl & ol 8lA 7Adle
(p<0.05), WBG-9] 2F&4tst & PCS PEZE E3lES BT
t}. Hidalgo 5(40)> PCS} PE7} 1A AFs4tsl & E3l=o] 71
214979} pyrrolized phospholipidsE A3 B3kt
Table 8& F73'd3} DNSUL] WBGHS PC ¥ PE ZF&EH|E
I WBGH2| AFsitsl7|kae] A oty 37423 DNSE
WBGH2 PC 7HEH|EE WBGHY AFsAtslr|7ts) =2 A
FA(P>0.92)2 HoFRen, pCe B4 =7t DNSY WBGH
o 4 (2.12%/day) E T} F74Y WBG-H-ol A (4.94%/day) 2] 817
(p<0.05) =9kth. S22} DNSZ] WBGH2| & ¢IAd 1&E%
I WBGH9] AFs2ksl7|7kae] AaAE Hs W= DNSE

Table 5. Changes of carotenoid contents of oil from wheat bran and germ during oxidations at S0°C for 12 day

Carotenoid concentration, mg/kg (%)”

Wheat Oxidation time (day)
B-Carotene Lutein Zeaxanthin Total
0 71.2+0.8*(100) 35.4+2.4°(100) 33.1£0.9%(100) 139.7+4.1*(100)
3 66.8+0.1% (94) 26.5+0.9%(75) 24.141.1%(73) 117.4+2.0° (84)
Keumkang wheat 6 64.7+2.0%(91) 24.2+0.5%(68) 21.541.2%(65) 110.4+3.6%(79)
9 57.3+4.9%(80) 24.3+1.3%(69) 22.6+2.4%(68) 104.2+1.1(75)
12 55.3+4.5%(78) 21.6+0.47(61) 20.442.1°(62) 97.3+2.0°(70)
0 59.8+1.5%(100) 39.9+1.8"(100) 39.9+2.4°(100) 139.6+2.7*(100)
3 59.144 .4 (99) 31.7+1.0°(80) 34.7+6.4™(87) 125.5+9.8°(90)
'2;2; ;‘gt}‘::;{‘ 6 61.2+1.7"(102) 29.242.7(73) 34.248.0" (86) 124.6+7.0°(89)
9 59.243.34(99) 31.3+0.6°(78) 30.4+4.9°(76) 120.9:£8.7% (87)
12 52.2+0.6°(87) 28.5+1.8%(71) 24.7+1.9%(62) 105.4+4.3%1(75)

"Different superscript means significant differences among samples in each carotenoid during oxidation by Duncan's multiple range test at a=0.05.

JRetention (%) based to on the value of zero day
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Table 7. Changes of phospholipid contents of oil from wheat bran and germ during autoxidation at S0°C for 12 days

Phospholipid concentration, g/kg (%)*

Wheat Oxidation time (day)
Phosphatidylcholine Phosphatidylethanolamine Total
0 31.5+0.3D(100) 14.0£0.5"(100) 45.5+0.3% (100)
3 28.4+1.7°(98) 13.8+0.3™ (90) 42.241.5%(93)
Keumkang wheat 6 26.1£0.1%(89) 12.5+1.8%4(83) 38.6+1.7°(85)
9 15.7+2.9°(93) 13.0£0.6™ (50) 28.7+2.34(63)
12 14.5+3.5°(83) 11.6+0.4% (46) 26.1+£3.9Y(57)
0 38.3+£1.1%(100) 12.8+0.7°(100) 51.1£1.8%(100)
3 36.9£0.7%(98) 12.5+0.4%¢ (96) 49.4+1.2°(97)
Dark northern 6 33.4+5.8%(95) 1212022 (87 45.5£5.7% (89)
spring wheat w w . he
9 30.6£0.2%(92) 11.7+0.1%(80) 42.3+0.1%(83)
12 29.242.9%(85) 10.8+0.34(76) 40.0£3.2%(78)

UDifferent superscript means significant differences among samples in each phospholipid during oxidation by Duncan's multiple rage test at a=0.05.
JRetention (%) based to on the value of zero day

Table 8. Regression analysis between oxidation time and WBGH(1.90%/day)ol A 2.t} 578 WBGHollA (3.82%/day) <]
phospholipid retention (%) during autoxidation of oil from 3l E=JTHp<0.05). PCS} PEE DHAOA] AHslx| o g8 &)

wheat bran and germ at 50°C for 12 days @1), B3] x| 29| olmr|2RE EFHZ] F4AE AT
.. Regression" EFHES] A SEAEN F5E-S eI

Sample Phospholipids - = o o= } o 1A .

a b P T 3th42). 7182] AFs2tst F PEO WISl PCel EalEwrt =

& 2 PC7F PERT} A1spAFe] w2 7FsdE dAIgh

Phosphatidylcholine -4.94 103.52 0.9230 - o et . S
Phosphatidylethanolamine -1.32  100.58 08083 Bandama S(43)= PC7F PEe]| M]s} AlehdAge] B Hofurial

Total 3.82° 10261 09551 3FATt.

Dark northern Phosphatidylcholine ~ -2.12° 100.70 0.9795
spring (DNS)  Phosphatidylethanolamine -1.21  101.14 0.9472

Keumkang
wheat

WBGRS| AHSAtsllEAn; n|RAEazmate] AT

= 50°Cell~ A8} 2= A sz n)Ek

wheat Total 190 10081 09876 O O A?jj] 12) WBGH Piaif SR s
YPhospholipid retention (%)=axautoxidation time (day)+b, r=determination OT’:TE; L»-/] o L%‘}E el vl T’f M 7}%]:11:_0 L‘f}
Phospholi QAL Ggol BT sl SushEg Vs we g
IDifferent superscript means significant differences between FAEE>0.78) R 9o 53] 270E WBGHE & IAE
Keumkang wheat and DNS wheat by regression analysis using dummy IR RS 4/\}5}?71- 3} 0.94 o]Ate] AHFAZ, DNSH WBG

variables at a=0.05. 9o & XA FHEe FAEET 096 o)A ATAAS

Table 9. Regression analysis between minor compounds contents and peroxide value (POV) of oil from wheat bran and germ during
autoxidation of oil from wheat bran and germ at 50°C for 12 days

Regression"
Minor compounds Keumkang wheat Dark Northern Spring wheat
a b r a b r
a-Tocopherol -0.0424 72.0190 0.6582 -0.0280 34.8541 0.5713
B-Tocopherol -0.0609 23.7492 0.2242 -0.0703 17.1666 0.5551
y-Tdcopherol -0.0431 31.5501 0.1091 -0.0347 27.9024 0.2577
Tocols 8-Tocopherol -0.0125 35.6322 0.0982 -0.0114 325526 0.2215
a-Tocotrienol -0.1464 31.2913 0.7001 -0.0725 20.9270 0.6773
Total -0.0099 56.1653 0.3384 -0.0064 32.4500 0.4152
B-Carotene -0.3134 23.4186 0.9344 -0.4812 313772 0.5825
) Lutein -0.3240 12.2050 0.6382 -0.3255 13.7779 0.4472
Carotenoids Zeaxanthin -0.3101 11.1988 0.5371 -0.3765 15.6576 0.9208
Total -0.1171 16,9728 0.7822 -0.1646 23.6032 0.8280
Phosphatidylcholine -0.2687 9.9003 0.9161 -0.5498 21.8468 0.9430
Phospholipids ~ Phosphatidylethanolamine -1.9622 29.1334 0.7881 -2.8780 37.7829 0.9677
Total -0.2483 12.6495 0.9461 -0.4680 24,6928 0.9600

YPOV (meq/kg of oil)=axminor compound contents+b, r’=determination coefficient
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