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SUMMARY

I. Title

Development of Processing Technology of Safflower Oil

Using Domestic Safflower Seed for Traditional Oil Factory

II. Purpose and Significant

This study was investigated to develpe processing technology of
safflower oil using domestic safflower seed for traditional oil

factory.

ITII. Scope and Content

1. Use of safflower as foodstuff

2. Physicochemical properties of safflower seed

3. Composition and oxidative stability of safflower oil prepared
from the seed roasted with different roasting temperatures

4. Chemical composition and oxidative stability of safflower oil

prepared with expeller using safflower seed roasted with different

temperatures

5. Technology for reduction of acid value in safflower oil

6. Stability of safflower oil and predition of shelf-lief

7. Major processing unit of traditional oil factory



IV. Results and Recommendation

1. Use of safflower as foodstuff
Safflower was used as one of medicinal plants and funtional
foods for many centuries. However, safflower oil was distributed

illegal at domestic traditional market in korea.

2. Physicochemical properties of safflower seed
Porximate compositions of safflower seed were moisture, 4.4
0~8.14%, crude protein 16.53~19.50%6, crude ash 2.78~3.38%,
curde fiber 3854~43.83%, and crude fat 16.6~24.5%,
repectively. Major amino acids were glutarmic acid, aspartic
acid and arginine and their content were 2587.4~3143.5mg/100g,
1315.8~1691.1mg/100g, and 1296.3~1484.2mg/100g. Major mineral
were K, P, Ca, and Mg, and their contents were 611.55~886.30
mg/100g,  501.47~596.56mg/100g,  429.82~641.19mg/100g, and
208.48 ~628.07mg/100g, repectively. Free sugars were identified
raffinose, sucrose, glucose, fructose. Contnet of a-tocopherol

was 0.04~3.82mg/100g.

3. Composition and oxidative stability of safflower oil prepared
from the seed roasted with different roasting temperatures
The chemical composition and oxidative stability of safflower
oill prepared from the seed roasted with different roasting
temperatures(140-180°C) were evaluated and compared with that

of unroasted safflower oil. The color development and phosphorus



content of oils increased significantly as roasting temperature
increased. The major fatty acid were linoleic acid, ca 80%. Four
phospholipid classes, 1.e., PE, PI, PA and PC, were identified. The
proportion of PI in the safflower oil increased significantly as
roasting temperature increased. The major tocopherol in safflower
oil was alpha-tocopherol. The oxidative stability showed that, as
the roasting temperature increased, the oxidative stability of

safflower oil increased.

4. Chemical composition and oxidative stability of safflower oil
prepared with expeller using safflower seed roasted with different
temperatures

In the sensory evaluation test, safflower oil prepared with
expeller(130°C) using safflower seed roasted at 160°C. The
oxidative stability showed that, as the roasting temperature
increased, the oxidative stability of safflower oil increased. The
color development and phosphorus content of oils increased
significantly as roasting and expellering temperatures increased.
The proportion of PI in the safflower oil increased significantly

as roasting and expellering temperatures increased.

5. Technology for reduction of acid value in safflower oil
For reduction of acid value in safflower oil, Silicate-3 showed
the effective for reduction of acid value in safflower oil. In the

sensory evaluation test, safflower oil prepared with expeller(110-1



30°C) using safflower seed roasted at 180°C. The oxidative
stability showed that, as the acid value reduced, the oxidative
stability of safflower oil decreased. In the natural antioxidnats,
antioxidant activity showed, in order, a-tocopherol < &
—-tocopherol < rosemary. In the natural antioxidnats, antioxidant

activity showed, in order, BHA < BHT < TBHQ.

6. Stability of safflower oil and predition of shelf-lief

Safflower oil was stored in brown bottle at 10, 20, 30, 40, and 50C
kept incubater. The oils were measured acid and peroxide,
sensory values. Shelf-life of safflower oil(roasteting temperature -

160C and expeller temperature : 130°C) showed above 9 months

7. Major processing unit of traditional oil factory

Major machinary of traditional oil factory were sand and dust
separator gets rid of dust, sand, grits etc from raw material,
roaster. It is roasted at 100-250°C in the Roaster. Expeller was
extracted oil from seed .The oil is filtered by filter press and
settled in the settling Tank. Finally, the oil from the settling tank

1s transferred to the Packing line for commercial goods.
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Table 1. A safflower seed by each area of cultivation

cultivation area state(seed, powder)
Gyeongsangnam-do Sancheong Seed
Jeollanam-do Yeonggwang Powder
Gyeongsangbuk-do Sangju Seed
Gyeongsangbuk-do Chilgok Seed
Gyeongsangbuk-do Gimcheon Powder
Gyeongsangbuk-do Mungyeong Seed
Jeollanam-do Hwasun Seed
Gyeongsangbuk-do Uiseong Seed
Gyeongsangnam-do Hamyang Seed
Chungcheongbuk-do Jecheon Seed
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3ttt 2=l A S Kelltee Auto Analyzer(Tecatoriit)E o] -&3Fo]
Semimicro-Kjeldahl'§ ©. & 25+ Fibertec System
M-1020(Tecatoriit) & ©]83F>] Hemmeberg-Stohmann=-
AOACH O Z A3, 7184 FALE

gk gho = AlLtskaith

tllo
N
-
o
o

rlo

O~ = =
% FARES

=

i

i
Lo
(o]
2
ftlo

U ol vk A R A
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o} =4k Heinrikson®t Meredith'”e] W] F=dko] #2819
ot e B oF 1gs 43| A HFEte] ampuled] ¥ F 6N
HCI 15 mE 7}3F b5 150C dry ovenol A 1A]17F &t 7R3 A
7l 5 wWds #alAES 50 ml volumetric flask= A&
Whatman No 2 o A2 o3}t o] &4 2 ml& 256 M= 3|4
Sk U 045 gm mimbrane filter(Millipore Co., USA)Z o33t &
AccQ - Fluor™ reagent kit(Waters, USA)E A}83+9] AccQ - Tag
Ve whel 34 FEAE s opn Al A4S BAE
o =, AdE FE opwlAt AR 10 WE FHS AR tubedl %=
A2~ A @il AccQ -« Fluor Reagent Kite] #| 18 % (borate buffer)
70 wlE Y3 vortex mixer® E3%3 & wlg] 55CoA wEEAIZI
A 2A £ 9 (6-aminoquinolyo-N-hydroxy succinimidly
carbamate(AQC)) 10 wE Fof AE&ddetATt ol& A2A] 1+3t
W gk & 55ToA 1023 =438k Azl ths HPLCZ ofr]:=4F
= SAstAo A AFEE oAl EFEE4 S amino acid
standard ~ H(PierceA},  USA) o], AHL  Nova-pak
column(Waters, USA)el1ow zAIgk 7]17] 2271 Table 29| e}

i A et

ok 7714

F3N wme ¥4 9% e AOACH Wl Fahe] mFu
Z ¢} =l (Inductively Coupled Plasma, Jobin Yvon Co., France)

o7 A#TFEr. =Y Al 4 g& @ 500CA 14 3] 3}e)
o A& 3ol 10%Le "ol2FE FH7bste AAal 3~4 mie]
HNO3& 9 (HNOs:H20=1:1)& 7}k % 100~120C hot plateoll Al <
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Wb AZAZHT o] & thA] 500TCel Al 1A1ZF ot d8tsta 10 mle]
HCI-& A (HCIEH0=1:Dell &3] &s|AAH 50 m= A&k & ICP
atomic emission spectrophotometer® A& A5t o, o]ufo]

717] %7428 Table 33} Zt}

Table 2. Operatig conditions for amino acid analysis of safflower

seeds by each area of cultivation by HPLC

Column Nova—pak column
Detector fluorescence detector(Aex: 250 nm, Aem: 395 nm)

Injection volume 10 0

Column temp. 37C
Time (min) Flow rate (m{/min) % AV %B?
Initial 1.0 100 0
0.5 1.0 98 2
15.0 1.0 93
19.0 1.0 90 10
32.0 1.0 67 33
33.0 1.0 67 33
34.0 1.0 0 100
37.0 1.0 0 100
38.0 1.0 100 0
49.0 1.0 100 0

D ogA: 0.05% triethylamine in 0.14 M sodium acetate trihydrate
adjusted to pH 5.1 by phosphoric acid

2 9%B: 60% acetonitrile solution
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Table 3. Operating conditions for mineral analysis of safflower

seeds by each area of cultivation by ICP

Jovin Yvon 138 Ultrace
Instrument Im Czerny-Turner monmchrometer

Grating : 2400 grooves/mm

Nebulizer Glass concentric
Frequency 40.68 MHz
Power 1 KW

Cooling gas (Ar) 14 L/min
Aerosol flow rate (Ar) 0.3 L/min
Sheath gas (Ar) 0.3~0.6 L/min

Wave lengths (nm)

K 766.490
Ca 393.366
Na 588.995
Mg 279.553
Fe 238.204
Al

Cu

7n

P

ok e
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fElge] 24 Wilson® Worke] WHWe] Z3le] dietyl ether
2 8% Alg 10 gol 70% ethanol 100 M= 7}3te] 80C water
batholl A 2A17F g7W¥ 2z FE33 . 5945 Whatman No. 12
ofdpetar 1 ofels 40Teolstoll A HAgEHeted THRTFE 10 meol
gt o] d& A ARl FHAA NS AA, AR F

Sepak Cig(Waters Co.)ol F3}A171 £&4S 045 gm membrane

3
o
oy

filterell & 3}A]# HPLC(high performance liquid chromatography)
2 BA89th. HPLCE Jasco PU-980(Jasco Co.)E A}&3tlar, 7]
| 27L& Table 4] YE AT

N

Table 4. Operatig conditions for amino acid analysis of safflower

seeds by each area of cultivation by HPLC

Waters Carbohydrate analysis column
Column
(125A, 3.9x300 mm)

Detector RI-930(Jasco, USA)

Injection volume 10 b

Column temp. 30T
Mobile phase H>O:CH3CN (2575 v/v)
Time 30min
Flow rate 1.4 m¢/min
ul, HIEFR
1) vlgR C

HEIY C 3L Tkegaya” So W] sl st 309
o] ascorbic acidE Z#3lo] o] §3sto] F3Flt).
st e 53 B 5 goll 2% WERJIAE £ 50 mis hsl A



oM 30&E FEeto] oAt F AESATE o] oAds 045 um
membrane filter(Millex-LCR 13MM, PIFE, Millipore Co, Bedford,
MS, USA)= o %35 $ HPLCE #4133t

F982 919 o 5meel Dithiothreitol§ < (Dithiothreitol 200 mg
< 0.066M KHoPO; 28 ml®+ 0.066M Na,HPO4 12 meoll &-3l) 1m¢<}
Z3HAl(NaOH 2.86 g, KH,PO4 3.27 g, NaHPO, - H,O 573 g& =
o 100 meell &) 1mE EFsted 153 A F 045 ym
syringe filter® o3 ¥  HPLCE® ¥41st¢tt. HPLCE Jasco
PU-980(Jasco Co.)E AF&3t9aL, 7171 &7 Table 59 YEFRL
t}h oln =2t ¥ E 22 amino acid standard H(PierceA}, USA)E

g3t

0

[«

Table 5. Operatig conditions for amino acid analysis of safflower

seeds by each area of cultivation by HPLC

Column ODS-SIL(TSKgel-120A : 10 ym)
fluorescence detector

Detector
(Nex' 242 nm, Aem' 395 nm)

Injection volume 1010

Column temp. room temp.

Mobile phase 196 meta phosphoric acid

Time 10min

Flow rate 1.0 ml/min

2) EFHE

120 m¢ S vpe Zgba=d 23 1 g3 5% pyrogallol &3

€ 4 s BLESL A Y FFE47IE FASAL hot plate
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AN 7tttk EF=ol 7] AR W WS Feskal 50%
TS ZAEEN 1 HE ¥ Fol 5@ AN AT A3t Foll =
2}~ E ice bathol Y1 759 diethyl ether 20 mlS % 7}sFA
thoo] Eokels 250 me & Zwjrlel #31 Fo 30 mee diethyl
ether® 23] F%3}9 ). diethyl ether®2 20 M9 THTFE 33 A
Hetal FEFMUEFOR et g $ ofItsto] 30Tl A
=AY 32 Al5= 10 mle n-hexanel = 3]A3Fal Milipore

FH membrane® & ¢ 3}3}4] liquid chromatography(LC)=
2359t HPLCE= Jasco PU-1580(Jasco Co.)E AF&3slom 7]
7] 271 Table 69 e AT

Table 6. Operatig conditions for tocopherol analysis of safflower

seeds by each area of cultivation by HPLC

Column Lichrospher Si-60 column(250%4.6 nm i.d.;Merck Co.)

fluorescence detector(FP-1520;JASCO,

Detector
(Aex:298nM, Aem:325nmM)

Injection volume 5 wf
Column temp. room temp.
Mobile phase n-hexane/2-propanol(99:1 by vol.)

Time 10min
Flow rate 1.0 m¢/min
3) 7I=¢l

Z3x B 3 g3 20 ml aceton, 30 m¢ hexane, 0.05 g MgCO3=
100 m¢ Beakerol & d&3k & 10% &b wwkskoy, wwt & 749t

o] ¥}(Whatman No 42)3}o] ZHAl= ©A] 125 ml aceton® & 23],



125 ml hexane2. 2 13] A|FZ3te] zstol gt FEH4% A F=
ol o o] Foll W1 50 mb HyOZ 53] Al Hale] oA=L A A3
. FSHE acetone 45 m7F E01U+E 50 mb HE& FepAo] &
A hexane® & A-&3sti 436nmolA FHEES Ao thed

o A4 93 etk

C= (A x454) = (196 x L x W)
C : concentration carotene (mg/lb) in original sample
L cell length in cm
W :© g sample/ml final dilution
C

mg B-carotene/lb

AW Fah A FA4E AOACYY Soxhletd < Abg3tel
=239 238 445 AOCSHYo| wal o~ ZalA 7o,
g o AH E+E hexanel & FZ319tE A7) FEES

GColl FYste] EA38t¥ . GCE Varian 3800 (Varian Inc.)< A}

g3t o 717] 27L& Table 73 2t}
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Table 7. Operatig conditions for fatty acid analysis of safflower

seeds by each area of cultivation by GC

Instrument Varian 3800 (Varian Inc., Walnut Creek, CA)
Supelcowax 10 fused-silica capillary column
Column )
(30 mx0.32 mm 1.d. ; Supelco, Bellefonte, PA)
Carrier gas He

Oven temperature
Injection

temperature
Detector

temperature
Gas Flow rate

Detecter

190C

240C

260C

20 m¢/min
FID
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AR Ao AtmHEY, AHA

of wel zpel7}
&2 Table 8 LEFH AT

A= 16.53+0.21~19.50+0.26% = Ak

Lol

27 9

18.2%, Spanevello &
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.
2
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ki3
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Z3| e AFA 53 F2o] 338+0.04%E FoFom Y =o
S BYon teoRE oAlilo] 3.03+0.01% T WA, A
W

Ab &3 4L 278+0.04% 2 froldog g e s JEy

a
O
=

FAE2 ALgEte] BAsk 232 3t 378%9F Spanevello 5
B

238 2.3%, Salazar Zazueta 5200]

BN
o
Jo
o
ol
flo
A
—
=)
e}
+
o
—_
w
N
oo
o
45}
T
)—l
>
}—l
X
il

™
>,
N
1%
L
=2,
Ho
Lo
iy
lo

2 ztolE YEMA FRort, FFA &4 A 35 4
& 39.23+0.32~3855+0.48% 2 ol oz vre dgs ehfd
th. B A% ZAie Latha 570 24
B ARG oy, 4 5ol AE AT 2l T3 FAS AL
ate] BAS 1453%, Spanevello 57¢] W1d 21.94%, Salazar
Zazueta 500 B e AR 21.70%E 2 xolE HTh
ol gk g Aol 3} FAolA hulle] A8t Hl&o W& A
ol2 AlEHE Y. = Latha 5®3} Spenevello 5?¢] hull®} kernel
o] A TS 77 61.6%, 3.7%S} 49.38%, 2.74% = H.a18G T}
P& hullel EA8H, FAA hulle]l 2HA] b=
gl =5 W 2ARF Tl =2 AR AlRdr S AHAE
%3t T4 hull?} kernel® &= (Table 8)2 Wlgf 1:1=2 hulle] =}

Aehe gl ok 2HFO Tl FE AOE walth

o,
ook



AL BAA F8h Fe] 24455026% % FoHow MY =
< FFS vEilen, PAibe]l 785:034% = ThE Azl w3
& Wehidoh UmA &3k T4 24

Ho
Lo
X
o
il
N
L
o
HE
flo
1%
tlo

Z3 =42 Abgste] B4 2403 348%, Spanevello 5]
W18 44.23%, Latha $2Y0] R 13t 275%, Salazar Zazueta S°°
o] W13k 3080%%t= & zolZ Hola Ut ol AW A
Az A5 wel B zeolE YE= Zo® Alnd
t}.

‘o}u] A %A

T AAE F3) FAO ofn e
Table 109 YetliAT. ZF AHAE Z351 T4 ¥ ofw| =4k
5 17F0]9l o™ leusine, lysine, valine & 24 oju|w=AlF ghako
2970.6~3700.4mg/100g 2.2 A A o}n]=Ake] 27.02~29.15%E =433
t}. o] % valine¥} leusine®] Z+7t 604.3~789.9 mg/100g, 731.1~
883.8 mg/100go = %7 @fslgirh ol Latha 570 %3} 24
of A4 oprAt S AA obm =4k 308% A ol 5
valine¥} leucine°] Z+Z} 1057.9 mg/100g, 1013.2 mg/100go. % =4

frokal vkl ®argh Ay {FAREE 23E BEdnh F ool it
bk 10668.7~13155.6 mg/100g o= AkA|®H Zho] f-2]2 <l zFo](P

<0.05)5 YEiA fgrom AwrA o= glutamic acid, aspartic

1

ol
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7y7y 2587.4~31435 mg/100g, 1315.8~1691.1 mg
/100g, 1296.3~1484.2 mg/100go. 2 H|u % =& IFS HAJL, o=
1339.5 mg/100g¥} ©]<% aspartic
acid, glutamic acide] 7tz 1832.7 mg/100g2} 39187 mg/100gSo. = X

gk A FARR AE BT

acid, arginine©]

Latha 5°Vo] Zojn w2l 3taks

Table 8. Proximate compositions of safflower seeds by each area of

cultivation
(unit : %, dry basis)

Samples crude fiber crude fat crude ash piigfn g;é;ii
Yeonggwang ~ 39.17+056" 17.34+0.07" 2.86+0.01 17.64+0.04  22.99
Gimcheon” 4383161 7.85+0.34" 2.94+0.06 18.02+0.20 27.36
Hamyang 41.81£0.56 16.83+0.01° 2.93+0.02 1653+0.21  21.90
Mungyong 39.23£0.32%  24.45£0.26" 2.92+0.03 19.10£0.20  14.30
Sanju 43.40£0.17 16.77+0.39° 3.38+0.04" 18.28+0.90  18.17
Sancheong 3854£0.48" 1853+0.03 2.86+0.03 16.61+0.11  23.46
Uiseong 4273+0.38  16.60+0.20° 3.03£0.01° 18.32+0.38  19.32
Hwasun 41.02£0.13  18.84+0.04 2.89£0.07 19.50+0.26  17.75
Chilgok 42.82+0.39  19.22+0.10 2.78+0.04° 17.81+0.27 17.37
Jecheon 41.11+0.90 18.91+0.15 2.86+0.03 17.03x0.57  20.09

"Means of triplicated measurements(MeansS.E.)

Means with the different letters in an column are significantly

different (Duncan’s multiple range test, p=0.05)

“The state of sample is powder at purchasing
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Table 9. The hull and kernel’s composition of safflower seeds by
each area of cultivation

(unit : %, dry basis)

hull kernel
Hamyang 50.04 49.96
Mungyong 50.14 49.86
Sanju 50.59 49.41
Sancheong 50.36 49.64
Uiseong 50.22 49.78
Hwasun 50.05 49.95
Chilgok 50.60 49.40
Jecheon 50.17 49.83

ng/100g .= & kA8 F3t FHEY FojHo
B om histidine?} lysine> A &3} F20] 296.0 mg/100g}
339.8 mg/100g o= & AHAo] &3t FART FofAor w2 I
FS Btk U A opn| =il Ao lojA e AR Froll= 79

Ao ol et kgt
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Table 10. Contents of total-amino

each area of cultivation

acids in a safflower seed by

(unit : mg/100 g seed, dry basis)

Yeong

Amino Gim Ham Mun Sang San Ui Hwa Chil Je
acid ngl ne cheon” yang gyong ju cheong seong sun gok cheon
Asp 1691.1 1568.8 15245 14645 1384.0 1516.3 1521.0 1654.8 1463.2 1315.8
Ser 4814 4956 4211 5242 469.0 4357 4670 511.2 509.2 4279
Glu 31188 2817.1 2732.0 3078.3 2651.3 2808.1 2908.6 3143.5 2853.2 2587.4
Gly 8801 798.0 7396 8119 7191 7899 7957 8285 808.1 699.6
His 3903 3829 3373 399 3352 3670 3622 3595 3589 296.0°
Thr 4062 403.0 3568 4174 3719 369.2 3879 399.0 398.6 3449
Arg 1438.6 13864 1296.3 13488 1246.7 1337.7 13281 1484.2 1325.1 1171.9
Ala 6022 5892 5105 6032 5360 5378 5379 5756 5859 479.2
Pro 6012 6054 5108 6353 5345 5538 556.1 584.0 566.3 497.3
Cys trace trace trace trace trace trace trace trace trace trace
Tyr 2516 2135 2241 290.5" 2065 2394 2296 2536 2519 223.2
Val 7837 7557 660.1 7899 7019 6994 6832 6930 755.8 604.3
Met 805" 351 302 423 413 382 878" 117.2° 295 310
Lys 4116 4345 4009 4027 3948 4145 4299 4100 434.2 339.8

Isoleu 5364 5222 4594 5469 4836 4815 4735 4824 525.0 4278
Leu 8754 834 751.8 8838 7954 7815 7877 82477 8585 7311
Phe 606.6 580.7 513.0 6102 5367 540.0 5387 552.0 582.1 491.7
Total 13155.6 12441.7 168 12846.0 11407.9 11910.1 12094.9 12873.0 12?(;05' 10(;68'

EAY

37004 3584.6 3172.2 3693.2 33256 3324.3 33887 3478.3 3583.7 2970.6
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Y E.A : Essential Amino Acid

YMeans of triplicated measurements

Means with the different letters in an column are significantly
different (Duncan’s multiple range test, p=0.05)

“The state of sample is powder at purchasing

5~2694.55 mg/100g 2.2 Na, Al, Cu. Ca, Fe, Zn, K, Mg, P 5°] g
%1, 1 % K, P, Ca, Mg 5o 59 F718=24 77} 611.55~
886.30 mg/100g, 501.47~596.56 mg/100g, 429.82~641.19 mg/100g,
208.48~628.07 mg/100g o2 =& HFS A ek ol I 7
o] A& YA A9 &3t THE AMESY A4S FU1E T T
2 ¥7]14o] K, P, Ca, Mg 522 717} 565 mg/100g, 576 mg/100g,

i g Aol

rr

208 mg/100g, 17.20 mg/100gH thal H irgh A 2}
Bolov 22 AE&S HEATH

AAE R BokS W, Al Fe, P= AFAIE Zheol o] %Ql ztol& U
BuiAl = @kou, Na2 44 A4 3381 F4o] 747} 4894

mg/100g, 49.48 mg/100g o= ThE AHA19] 2-3f FHHT FoH o=

=2 FEe B Cus 93 g, Akl e AbA] 9
T3 TARY fFojHom v e Bolow Speito]l 069 mg

/100go.® feldow 744 we gare Yt Cal o447
A 4kol 77 641.19 mg/100g3} 628.07 mg/100go.=2 frelx o=z 7}
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Table 11. Content of minerals in a safflower seed by each area
of cultivation

(unit : mg/100 g seed, dry basis)

Yeong Gim Ham Mun Sang San Ui Hwa Chil Je
gwang cheon® vyang gyong ju cheong seong sun gok cheon

Na 2725 2412 2427 4894" 2518 4948" 3744 3461 3048 19.68
Al 2.23 1.70 161 2256 242 290 173 252 256 241
Cu 1.04° 097 15 171 154 101° 146 069" 138 147
Ca 43822 554.30" 208.48" 431.08 449.97 439.99 641.19" 454.40 429.82 628.07"
Fe 746 8.68 555 715 647 538 778 543 568  6.89
Zn  5.02 0.22 478 938 542 412° 671 602 518 515
K 85036 831.85" 706.47 6788 886.30" 72952 882.02 750.00 744.64 611.55"
Mg 566.36 573.69 584.77 639.52" 603.54 530.55" 578.16 586.54 569.05 597.67

P 51933 54430 596.56 581.79 558.39 535.05 538.06 596.72 539.87 501.47

Total 2417.27 2544.83 2134.05 2400.62 2539.23 2298.00 2694.55 2436.93 2328.66 2374.36

"Means of triplicated measurements
Means with the different letters in an column are significantly
different (Duncan’s multiple range test, p=0.05)

“The state of sample is powder at purchasing
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Zne #74ke] 938 mg/100g &2 FoH ez 71 w& dHgS 1

govl, 714 e fod FHS R WIunT 2w AE =%
o thgo =z FHdAke] 554.30 mg/100g o2 =9kth K Mg 4HA

H el Fo] A ApelE BAoU F AolE WERWAl Sk

AAE g3t T YT =AY e HPLCE SA3 43
+ Table 123 2t} %3} FAo|+= raffinose, sucrose, glucose,
fructose &°] w2 FAHATY. T F sucrose®t raffinosed] o]
g FFoldlem, Z+zt 469.16~673.29 mg/100g3 423.83~991.66 mg
/100ge] sHF5 o] ARAT} fructose?}t glucoser= Z+2F 0.26~1.82 mg
/100g, 16.09~83.02 mg/100goI Atk ol 31 570 A& AT &

Aol AgE AMESEe] A% el dolA] sucrosedt raffinose’} 2t

ZF 2165 mg/100g¥} 1175 mg/100go.= WhH-ES i3t v
Huste] ta e ztolE Hou B A e AdES e
w3l

AAE 2 B u sucrose?t fructose? A= AbAE Fhe fo A
¢l 3 AolE YEiAl &kth LYY raffinose®] B¢+ o34t
°] 991.66+8.21 mg/100go.2 freolA oz 7 H=& FqFsS YEd

omw  FAHAI AHMAibo] 423.83+0.00 mg/100g3 445.08495.59 mg
/100ge 2 fox oz 713 v ks H At glucoses A&
A Ake] 83.02+12.18 mg/100go.z FoH oz 7 =2 HFS
Uetllen, tgozE gl AL ZAate], 1 gz E 7

Ak sheato]l = okth 9] 4HS 16.09+0.66 mg/100g o2 9 A



o Y e §FS etk G BT B4

okt

Table 12. Contents of free-sugars in a Safflower seed by each

area of cultivation

(mg/100g seed, dry basis)

Fructose  Glucose Sucrose Raffinose total

Yeonggwang™ 0.26%0.00 - 601.03£88.26 590.30£14.19 1,191.6002
Gimcheon” 1.19+0.22 34.16+159 67329145 787.94+1.65" 1,496.583
Hamyang  0.77+0.02 31.93+0.70 571.38+0.67 689.54+125.33 1,293.62125
Mungyong  0.29+0.00 - 469.16+2.97 423.83+0.00°  893.282

Sangju 1.04£0.04 62.49£0.25" 544.48+52.67 700.44+7.75 1,308.4622
Sancheong 1.82+0.67 65.11+4.61° 52869+0.74 62529+6.47  1,220.92

Uiseong 0.66+0.03 16.09+0.66° 649.89+4.37 991.66+8.21" 1,658.312
Hwasun 1.80£0.02 44.08+0.10  542.39£0.83  712.99+1.77 1,301.261
Chilgok 0.87+0.67 59.25¢1.00" 545.23+4.75 770.58+43.71 1,375.9393
Jecheon 0.94£0.16 83.02+12.18" 494.60+73.45 445.08+95.59° 1,023.658

"Means of triplicated measurements(Means+S.E.)
Means with the different letters in an column are significantly
different (Duncan’s multiple range test, p=0.05)

“The state of sample is powder at purchasing

5. eI

1%
gg

A &3 =249 vitamin C¢ tocopherols® HPLCE %

jd
it

=
rlr

A3} carotenes® UV/Vis spectrophotometer® 4] 3l
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Table 133} #Zt} 2bAW¥ 33 F2Ad= 259 tocopherol isomers
9} 3% 9] tocotrienol isomers’t AEF AT =, a-tocpherol, ¥
~tocopherol¥} a-tocotrienol, PB-tocotrienol, Y-tocotrienol®] %
Hdom, 77 0.04~2.82 mg/100g, 0.04~0.22 mg/100g, 0.01~0.12
mg/100g, 0.01~0.11 mg/100g, 0.03~0.17 mg/100g= SFr3lH . 12

5

1} B-tocopherol®} §-tocopherol % &-tocotrienol= =% A
dth. 71 S%¢] a-tocopherol THL 105 mg/100gC. & H 313}3L
Aol B A= thh ZolE YERYATE

Vitamin C &% AHAE ol {2l Aol& YErATE 5,
Fobit T3 F20] 339 ng/l00go % $Ao Y Be FFL
nelow tgo

=

AT 2R FojFow Eokth A4S 043 mg/100g o=
1+
=~

k%

™

Feo)qow 71

Carotenes 3$F&2 A4tz ik 531 FHol 747 0

/100g, 0.21 mg/100ge 2 fFroHoz =2 & vellon, 9%
A

AFo] 0.12 mg/100glo. &2 FoHo=w 714 e s ey

A E3h S AW 245 HPLCE 43 23+ Table
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Table 13. Contents of vitamins in a safflower seed by each area of

cultivation
(mg/100g seed, dry base)
Sample aT vT oT3 B-T3 vT3 T.TV vitamin carotenes
Yeonggwang™ 0.14 0.06  0.07 0.02 003 031 1.19 0.12
Gimcheon” 004 004 001 0.01 017 026 081 0.14
Hamyang 1.16 022  0.04 0.11 006 158 3.39 0.18
Mungyong 034 014 0.12 0.04 0.10 0.73 - 0.15
Sangju 025 0.10 0.08 0.04 0.03 050 0.58 0.16
Sancheong 014 014 0.06 0.05 005 043 043 0.22
Uiseng 014 012 0.04 0.05 006 041 095 0.21
Hwasun 382 020 0.05 0.11 005 424 240 0.17
Chilgok 012 0.04 0.10 0.02 003 031 129 0.18
Jecheon 035 018 0.10 0.06 005 074 150 0.18
V7T : Total tocopherols
“The state of sample is powder at purchasing

3t A AES S-St U= AR 2ALS ARAE TH
2o AEgds HAY. =, A WAl palmitic acid(16:0)9} stearic
acid(18:0), EX3}AWAF olec acid(18:1), linoleic acid(18:2),
linolenic acid(18:3) & $F3t%Th ©l% linoleic acid’7} 74.83~
82.871% % 7HF Bol 50 Aol &3 T Fao AAdE &<l

aF At

_59_



Table 14. Fatty acid composition analysis of Safflower sample

Fatty acid ethyl ester (%)

Sample
C16:0 C18:0 C181 C18:2 C18:3
Yeonggwang” 5.45 2.09 13.02 79.29 0.16
Gimcheon” 5.75 2.14 12.13 79.78 0.20
Hamyang 4.75 2.07 12.30 80.71 0.17
Mungyong 4.82 1.93 13.67 79.49 0.09
Sangju 5.31 2.34 11.44 80.76 0.15
Sancheong 5.00 1.96 10.03 82.85 0.16
Uiseng 6.30 2.50 16.23 74.83 0.14
Hwasun 4.70 2.18 10.65 82.33 0.14
Chilgok 5.46 2.33 14.44 77.64 0.13
Jecheon 5.27 2.41 11.24 80.96 0.13

“The state of sample is powder at purchasing

A 44 Q°F

AAlst= Al =d=A, 17

%o

T EHA
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2.718~3.38%, Z/d 3854~43.83%, XA 166~245% ©]At}.
T8 olnx=Ato 2= Glutarmic acid, Aspartic acid, Arginine® =
Zyz}y 2587.4~3143.5mg/100g, 1315.8~1691.1mg/100g, 1296.3~1484.2
mg/100gel At 8 Fr1d=2= K, P, Ca, Mge= z+Zt 61155~
886.30mg/100g, 501.47~596.56mg/100g, 429.82~641.19mg/100g, 208.4
8~628.07mg/100gel At  F8ld> raffinose, sucrose, glucose,
fructose o] 7 ¥, I F sucrose®t raffinose’t ZHzt
469.16~673.29mg/100g, 423.83~991.66mg/100g2] =S H ATt F
L EFFHERE a-EZAEOY ST, 0.04~3.82mg/100g FFS H

1. o]9dx, St 257 AL pp. 860 (1998)

2. W78 g o] oF8Al &, AL pp. 499 (2000)

3. Kee, CH. The Pharmachlogy of Chinese Herbs. CRC Press. :
249~250 (1993)

4. Jeon, s.m., Kim, J.H., Lee, H.]., Lee, LK., Moon, K.D and Choi,
M.S. The Effects of Korean Safflower(Carthamus tinctorious
L.) Seed Powder Supplementation Diet on Bone Metabolism
Indices in Rats during the Recovery of Rib Fracture. J.
Korean Soc. Food Sci. Nutr. 31(6) @ 1049~1056 (1998)

5. Seo, H.J., Kim, JH.,, Kwak, D.Y., Jeon, S.M., Ku, S.K., Lee,
J.H., Moon, K.D and Choi, M.S. The Effects of Safflower Seed

Powder and Its Fraction on Bone Tissue in Rib-fractured Rats
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10.

11.

12.

13.

during the Recovery. J. Korean Soc. Food Sci. Nutr. 33(4) :
411~420 (2000)

Kim, J.H., Jeon, SM., An, M.Y., Ku, S.K., Lee, J.H., Choi, M.S
and Moon, K.D. Effects of Diet of Dorean Safflower(Catthamus
tinctorious L.) Seed Powder on Bone Tissue in Rats during
the Recovery of Rib Fracture. J. Korean Soc. Food Sci. Nutr.
27(4) : 698~704 (1998)

Kim, J.H., Jeon, S.M., Park, Y.A., Choi, M.S and Moon, K.D.
Effects of Safflower(Catthamus tinctorious L.) Powder on
Lipid Metabolism in High Fat and High Cholesterol-Fed Rats.
J. Korean Soc. Food Sci. Nutr. 28(3) : 625~631 (1990)

A A FE, AJA 29A olitsteAE o] &3 SEE R
3 & FZ. Agricultural Chemistry and Biotechnology. 41(5) :

363~366 (1998)
Baek, N. -1, Bang, M. -H., Song, ]J. -C., Lee, S. -Y. and
Park, N. -K. N-feruloylserotonin, Antioxidative Component
from the Seed of Carthamus tinctorius L. J. Korean Soc.
Agric. Chem. Biotechnol. 42(4) : 366~368 (1999)

grgar ¢ AAEe Aksukg el FatkskAl el ek &t
L = AL Al 165 (1998)

Giese, J. : Antioxidants : Tools for Preventing Lipid
Oxidation. Food Tech, 50(11) : 73 (1996)

Frankel, ENN. : Antioxicants in Lipid foods and Their on Food
Quality. Food Chemistry. 57(1) : 51 (1996)

e, o] AdaA den HA FAkstAl AL IetA T
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15.

16.

17.

18.

19.

20.

21.
22.

5:19~35 (2001)

MNEst dA aksAe] ATy wEk AEaey AR
30(1) = 14~21 (1997)

AOAC. Official Methods of Analysis. 15th ed. Association of

P

Official Analytical Chemists, Washington, DC, USA (1990)
Heinrikson, R.L. and Meredith, S.C. Amino acid analysis by
reverse phase high performance liquid chromatography
precolumn deribatization with phenylisocyanate. Anal. Chem.
136 : 65 (1984)

Waters AccQ - Tag Amino Acid Analysis System: Operator’s
Manual, (1993)

AOAC. Official Methods fo Analysis, 985.01, p. 723, 15th ed,,
Association of Official Analytical Chemists, Washington, D.C,
USA(1990)

Wilson, AM. and Work, T.M. HPLC determination of
fructose, glucose and sucrose in potatoes. J. Food Sci. 46 :
300 (1981)

Ikegaya, K., Takayanagi, H. and Anan, T. Quantitative
analysis of tea constituents. Bull. Natl. Res. Tea 71 : 43~74
(1990)

AQOCS. Official Method Ce 2-66. : 487~488 (1990)

Kim, JH. Kwak, D.Y. Choi, M.S. and Moon, K.D.
Comparison of the Chemical Compositions of Korean and
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A3 A g2 39

_llm
O_L:

T3 el BrlE, aFA VIS, =4 s @A =
T

+ Expeller2 F%3}o] Ad=tHYoshida & Takagi,1997; Kim, Kim
B

& Lee, 1998). 7= 4 &< 7Igoz deds X9 F7] E

o]
o
LEA NE, BA V1EN 2e 2ag 159 oY F4H

2 oPHelt &, W, dAS TIAAW AL LA
+H(Kim et al, 2002). #7] 34 2vag 7|5S Axs7] 9
& A GAAH, 2 olfe VIFY A, BV, A, FHEo] BF
Ho AAe o o IS W
1990; Jung, BTk, Baik, Lee & Lee, 1999; Kim et al, 2002,
Yoshida & Takagi,l997)e S13k@ 715l 8315 24o] o] & A%
el oY ®e exs Rusttm wasgch AW, T
o ssty 24w Abs el U Ble] e B AT

= A AAEA 23 gk AT fRelN B FTHNI 2 G4

N
IS
i)
t
@
I
=
g

S 93k ost AEo R FES Wkt o T o] B FHo
A E s JAS THESIAA 49 3 EH dEFE FATHKIm
et al. 1998).

B Aol EALO glectric roaster® ©]g&3dte] Aol & ol A
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Holxl ZEMERE wEOR ZEe AW 24, A7 FE, 71

2 FAA R (4], tocopherols, tocotrienols, phospholipid), At3} <4

e Grkske Aol
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A 242 As L W

1. A=

N

2 oqpel Aed 3 2He 4 w3(Kyungbook
Agricultural Cooperative Federation, Kyungbook, Korea) 2 %= 5-E
T Y38t Tocopherol isomerst Merk(Darmstadt, Germany)l A
T
Calbiochem(Calbiochem~Novabiochem Co., San Diego, CA)°ol 4] -

ol

}az, Tocotrienol isomers+

A3+ v Phospholipid standards©= Sigma Chemical Company(St.
Louis, MO)°lA FYstAtt £ Ao A88 th& Al¢F

55 AloFe AHgstnh

L=
A

rlo

98 FaHe A g Ak 54
de Mo Agel g A} 548 2ASLA 5CY 25

ol Azstel A% 71kel]l W& Ab7Eeb lipoxygenase &85 574

&ttt

L}, Lipoxygenase A =4
Lipoxygenase €4 4 93 Boyes ¥H (1ol Fstod A =E

2 2k acksa NS o)

BN
Y
ro
-
wn
=
3
(@}
<
ol
)
S
|o

2N
gt %+ buffere= 50 mM Tris pH 7 buffer& 10mM
diethyldithiocarbamate, 1% Triton X-1, bg PVPP$} 5g dowex-1

resine &3lal = buffer 9Tl buffere} =33t 23 #H=&
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%
xgol Al 607 QARG Y. QAR T AFsdS (18
reverse-phase 7FEZAZ o735kt Stock solution linoleic
acidE Triton X-100 160 ug/ mLE& Fsles &7l &do=
AzsEF o™ 234 nmoll Aol &3 =S =A3to] lipoxygenase A

% Fakach

t}. Lipoxygenase =43} =71 A}
eErb 2AEE BevlA £3E 140, 160, 180, 200°CE #-
B ool oz HEsle] Yo Gxuls A2z AlEsle] BO on

of W& Lipoxygenase &4 AEE ZFAHsY HS2L)

Lipoxygenase &g/ 3} v x&= JFS ZASHATH
gt F3hre] Az
F3h4 1kgs AAHS = dA A AA st B271E AAT AS

aRk7I e &% A 7|7F FEE electric roastero] ¥o] 34 &
w7b 247 140°C, 160C, 180Cel =2at wzbd A% ankstuA
ok olw Ho 140TC, 160C, 180C7HA Z=det= Alzk2 72H7}
16.05£0.30%, 19.36+0.32+%, 24.08+1.02%-°]31t}. electric roasterel

g
N
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o
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ZA o] A ¥ (Yoshida, Takagi & Mitsuhashi, 1999) 24 S22
EEo = F3F9 50%(wt/vol) &HE 420nmolA FFEES

spectrophotometer(UV-900; JASCO, Tokyo, Japan)® =743} th.

232 A, AHAHFA)2 methyl estersi= hexanel & F+3}¢]
FIDE #H&7]2 AF&3F Gas chromatographyol] 1ul F3&te] 4
st GCo A& Table 169 YEFH AT

Table 16. Instrument and working conditions for preparative gas

chromatography
Instrument Varian 3800 (Varian Inc., Walnut Creek, CA)
Supelcowax 10 fused-silica capillary column
Column )
(30mx0.32mm i.d. ; Supelco, Bellefonte, PA)
Carrier gas He
Oven temperature 190 C

Injection temperature 240 C

Detector temperature 260 C

Gas Flow rate 20 ml/min
Detecter FID
AL 1= A
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HPLC ' (Kim et al, 2002) 2 Q1A @S B2317] ¢3ho],
3 EFYH AAAS e 2ol Zdsidt 23 20gs
silicic acid column(100 - 200 mesh, Sigma)°lA] 200 ml
chloroform, 100 m{ acetone, 200 m¢{ methanol® <=x}% o =&
|Eoto] $EE T3 E 2 g¥ 33 whES] @ tth methanol
35Tl A rotary evaporator® A ARt & A5 -60C=
sAste] A% o ARSI A F AL 20 ul sample
loop¢} ELSD(Shedex 55; Richard Scientific, Novata, CA)7}
z¥3o] 2 Rheodyne injectorell ¢34 ¥ HPLC(PU-1580;JASCO) =
221389t} sillicic acid columnl & 28] % <124 & normal-phase

column®! Lichrospher Si-60(250 x 4.6 mm i.d.; Merck Co.)°l A

S
ay)

v
ol

3z, 30 &9 05 ml/min® 2 chloroform / tertiary—butyl

e

-methyl ether (75:15, vol/vol)°ll 4] (B)methanol/ammonium
hydroxide / chloroform (92:7:1, by vo) 2.2 A Fu] &=3F3 10

—

min 5 (B)dl FAAZIHE o] % 1052 0.5 mt/mino.2 &%

SrA)=Z 48 A skt

o}. tocopherols®} tocotrienols 3

Tocopherols$} tocotrienols %2 Kim et al.(2002)2] ol u}

g =AsgTh 1 g9 T&8F9 e g <l 5% pyrogallol

N 4 s T vEAY 2ol R WSS ZEE 120 W T

o Zg}~Fo] ¥l hot platedl A 7L 5. E5E 0] #7]

A2, W RS "WolWar 50% aqueous potassium hydroxide &
Tt AsAAT. A, FeAAE ce

bathe]l i, 20 m¢ H.0% diethyl etherE H7}stgict. £3&5&
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ol
-
32

250 m¢ i Zur2 2732 30 ml diethyl ether® 23] =
t}.  diethyl ether & 20 Ml SHFT2 33 MHsta F4 34t
EFOoR &4 3 F onste 30TdA THAAY. F& AlEE
10 m¢{ n-hexane® & 3]43}31 Millipore 0.45um FH membrane® &=
o] 7}5le] Liquid chromatography(LC)ol F43te] A5kt 7]17]
Z71& Table 1791 YERH AT

~
<

Table 17. Operating conditions for  tocopherol analysis of a

safflower oil by HPLC

Column Lichrospher Si-60 column(250x4.6 nm i.d.;Merck Co.)
fluorescence detector(FP-1520;JASCO,

(Qex:298nm, Aem:325nm)
Injection volume 5yl

Detector

Column temp. room temp.

Mobile phase n-hexane/2-propanol(99:1 by vol.)

Time 10min
Flow rate 1.0 m¢/min
of #e B3 JIBT BA e TN 18 A3k HEA

F I VIEH HA 22 FEA 759 AbE e 24

37] s, AlE 60 g2 100 ml 82 beakerol] %7 26¥ F<!

60°C forced-draft air ovenol A A& AdsAct. 7] 2<¢ A3t oFA
e AOCS EF "W Cd 8-53(1990)¢) wef HArstE stk =7}

9} 7]1ElA conjugated diene ¥Fe] S7HJung et al. 1999)& =

Asle]  ZABIALE  conjugated  diened A7 fldle]  AlREE=
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],

At} conjugated diene %S 22 4-trimethylpentaned] Al 1% 33}

2,2 A-trimethylpentane ©. & 3]43}o] 233 nmolA] FHE=E =

ol
ol

A 71E2] 233nmol A FF =2 FAEF T

D Eo%e w5 54
140, 160, 180°C= H2 %
& FoHRE Bed Afrdd Be

Balel AN WA A% ERAAWA), nad WA, ©

olf
A
ox
rlo
o
=
o
N
o
fu
-

WA, A GAlsh WAle] AEER PRt dAstgon, wel
A E v w), nad %, g, 26 ge] JEEw PR
stol AAstgith ol JlEEe] AEE L=A% i, 20Rh=7
F oA, 3 BEOR 1A% Ak 4 Sl =A% A, 5l
A LAS duh FEste] 58 AmPer 2As A

[TV
(@)

[e]
@
2
>
w
(@]
A
o
o,
ofl
>

A8

3

J{m

2) Expeller®] screw Zdo]d¥ =5
140, 160, 180°C®= < ¥ expeller&k= 150°ColA dnbx o=
S8 #Z7E FHFA ALEEE 11 pitch® el 9 expelleret 1154

71 5< #frshe 6pitch A2 expeller® & A A A
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:

7 5Ae Zzhe] Bg zAA ol Ame] Z4E 38
LQ )
testz BASAT. EALA §94E P < 005 FEow BTt

H(1996).

X
=

ro
§:\‘

o,
=X

o], data= ANOVA % Duncan’s multiple range
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A 34 A3 © uF

L 98 &3] Ade e 7 54

1
= o Zrhsgon FAF Sk ANk

Table 18. Properties of acid value in safflower seed for storage

time

Storage days

Storage 0 20 40 60 30 100 120
temperature(°C
5 1.25 1.25 125 127 130 135 1.40
25 1.25 126 125 128 132 1.38 1.45

1}, Lipoxygenase &4 =4

o
fl

Boyes (1ol =3l A 22 ZA3 F Surrey WH(Q)
Lipoxygenase @45 =A3 ZA¥+= Table 199 YeEHATE. A A
717k & Lipoxygenase &4 HW3l= 2H7lAH & W3hrt
Aoz yey F3F dme 27t Asole A 7deA g A
o % uEbstth

A

52
s
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Table 19. Properties of lipoxygenase in safflower seed for storage
time

(unit : pmoles diene - min' - g ')

oragedays
o 0 20 40 60 30 100 120
temperature

5) 1702 1705 1702 1732 1750 1685 1764
25 1725 1702 1705 1758 1802 1693 176.2

t}h. Lipoxygenase 243} 231 A}
>R 2AY = FE7]A $3E 140, 160, 180, 200°C= 7
GAus A 852 ALEEle] g X0 mE Lipoxygenase &4 A
=5 54384 F&2%7 Lipoxygenase =&/ 3kl mlA= &=
ZAFEE Adk= Table 200 WeERAAT 140°Cell A 59ks o
o

lipoxygenase &< 102 - 105umoles diene - min ' - g '&  ¥7]

A 1702 - 170.5umoles diene - min ' -gfloﬂ Hla o] A gl

dls
m
m
v
o
iy
ol
b
>
lo
E[
PN
A
2
>
als
g
o
i
<
(1je}
@]
=)
Q
wn
o
=
e
it
ox

Table 20. Changes of lipoxygenase activity in safflower seed

treated at different temperatures

(unit : pmoles diene - min* - g ")

Storage day

Storage 140 160 180 200
temperature(°C)
5 10.2 9.5 10.3 10.7
25 10.5 10.6 105 10.8
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K

L QR Avbe] wE Faf] Ak vAE G

A% FA ) Agel WE A7k S4Ee 2ASLA 5Ce 25°C
o ] Aste] AH7FE 1.25, 1.30, 1.35, 1.40% 1455 Zt& &3t =
A4e90 e W A7kl W Table 210] YT 244 A7)
o Wk 9o Wt 2 Aol gl Ao vhebuth me

Table 21. Changes of acid value in safflower oils by acid value

of safflower seed

Acid value in seed 1.25 1.30 1.35 1.40
Acid value in oil 1.26 1.26 1.27 1.28
) A=

420 nmel A FFE] Folg F7HE FESATHP < 0.05). 3544
7158 M FH7 B2 - (F 5 550.093) e 4 140T ¢F 160°C ol A
A (F5%; 02029 0239)02 HXHoz WIHy HFHo=

; 0.332)0.2 WatE vt wetbA, 71E

oA A g wg Lol JFe wgth 99 I Adn 4 Fol
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Maillard-3 H]-& 22 k2o 71913} tH(Koechler & Odell, 1970).
BE 227 SUHEe wE VE A9 ZojFe AsE He 2
ANA H-EAA Al wE oz HTh V] ATET
(Kim et al, 2002, Yen, 1990, Yosida, 1994)ell A @] wjo}s} 37
A2 Ao HE 2E7F s 7189 Mol dAsA Zojzl

ta Baskled, ol B Ao Aot dA gk

0.4

03

0.2

Absorbance at 420 nm

0.1+ T

0.0

T T T T
A B C D

Roasting temperature(°C)

Fig 1. Changes in absorbance(color) of safflower oils prepared
from safflower seed unroasted or roasted at 140, 160, 180C n

electric oven

_77_



gt Az Be e
%4 Table 2201 YEUIS
FO AME 2L Aol7t

palmitic acid,
A Eel glow
180Cell A H2
oleic acid, linoleic aicd,

10.87%, 82.04%, 0.41%6=

Aolgh Ho exwol Azlol| A W
A HAF Z Ao A =}o] 7F
linoleic

W, mlErel = A E A gl

(Knowles, Bell & Ruckman,1965). 7] &
=59 &3+
A tHKnowles et

il

q_a
o=
sl wEw 7|E

ij ofF+—

Aol

ry

ol M 7 ol A= AL

linolenic acid7} Z+#F

_0__9_
AT =

ol 1 80%2] linoleic acid=
AT},

E=(140~180C)ol A 23k &3hro At

o A7e] e e

i oA 2 -3}

Ak BA ge EFHAE

79

stearic acid, oleic acid, linoleic aicd, linolenic acid=
Zy7} 553%, 1.62%, 11.00%, 81.45%, 0.40%°] A t}.

AN Z2HEH A2 $3lf+ palmitic acid, stearic acid,

4.99%, 1.69%,

T3 5 AT
719l =8 (Kim et al,

2002, Yen, 1990, Yosida, 1994)ei A
5ol @ dolel K 715
2 AEel g 80%:]

acid& &-rstal Sl &3F FFol 7 wol A gle
&

3} = gk 80%7F o] EFolt}
ol Al thEF 80%2] oleic acid
thol B 3 3l Aol gl A o A
al. 1965). 3}AIq, 2 e A

Frots 23k F5ol
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Table 22. Fatty acid composition of safflower oils prepared from
safflower seed unroasted or roasted at 140, 160 and 180T in

electric oven

Fatty acid Roasting temperature(C)
(%) Unroasted 140 160 180
C16:0 550.1° 5.3£0.1° 5.8+0.4° 5.0£0.3°
C18:0 1.620.3 1.7£0.1¢ 1.620.3 1.70.2°

C18:1 11.1+1.3° 11.5+0.6° 10.9+0.3° 10.8+0.9°
C18:2 81.4+37 81.0+3.9° 81.1+4.3" 82.0+2.3"
C18:3 0.4+0.1° 0.5+0.0° 0.6+0.3¢ 0.5+0.1%

“Mean values +SD of determinations for triplicate samples

"Value of the unroasted samples and values in the same
line(within the same subgroup) with different superscript
letters(c—g) are significantly different(p<0.05) as measured by

Duncan’s test

24zke] g eENA AfW F3Hol thshe] HPLC-ELSDZ
QFEI AAE 24L Table 2300 e AT A7e) ¥
& exolA A5@ 7189 Q FFE @ Aot EAHAY

(p < 0.05). =, H& =&=7F 7kl wet <l ko] dAASA F
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o
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o] 9l &= Z+7t 100 ppm, 140 ppm, 175 ppmeo|1aL, WFH X
B TIANENE 2RI 7159 2 19 ppmel AT

Veldsink et al.(1999)2 A A ¢} sfintetr] 7159 91 FHgo] o]
59 d4d =7 F7Fstel wep dASA Frhevkal Basklth
Clark®} Snyder(1991) 9A] 49 =2 dAg XA thaFe] <loj
FEHEGL Bustrh woA 2 AT dis ols dFE ARE
=

9] A=A =, phosphatidylethanolamine (PE),
phosphatidylinositol(PI), phosphatidic acid(PA), phosphatidylcholine
(PC)o] FAHAT. F3t 759 F8 AAE FAEEEL Plojth
o, ¥ 2=7F S7Fsel wEt &3F 71FelA PI7F dA S
7 et p < 0.05). Kim et al.(2002) SA] &7 djolel A Ha
>t A gto] FIShel wel dm wjope] PI $hako]l AAsHA F
7hghtbar sk shARE, Ssbfol A PEE He ==7F S
of we} AA AP < 0.05) FasAT. ek, PE= &3-9 <
Ad FollAd 7P we MBASE EAdH V&Y deE
(Yoshida et al. 1995, Yoshida et al. 1999)el A4 719} of
Aol A J/5 AZHe] F7F= PE dAS Has fddthal Bast
R, ol AT Aet dA T
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Table 23. Changes in phospholipid composition and phosphorus
contents of safflower oil prepared from safflower seed unroasted

or roasted at 140, 160 and 180T in electric oven

Roasting ~ Phosphorus Phospholipid classes(%)
Temperature content
(C) (DDm) PE PI PA PC
Unroasted  19.4+12° 59.9+2.1° 326+22° 49+0.1° 26+02°
140 1105+2.3° 22.1+3.2° 60.8+1.3° 15+0.2° 15.6+0.9°
160 140.9+2.4% 17.8+1.2¢ 645+1.39 1.9+0.3° 158+1.1°
180 175.3+4.3° 12.4+0.6° 70.9+2.2° 1.3+0.2° 15.4+1.4°

"Mean values +SD of determinations for triplicate samples

Value of the unroasted samples and values in the same
column(within the same subgroup) with different superscript
letters(b—e) are significantly different(p<0.05) as measured by

Duncan’s test.

et
o

4) Tocopherols®} tocotrienols

gt He 2ZdA #ZFA 7IE9lAl tocopherols€}
tocotrienols®]  Z}Zte] k& Table 24 YEFWHAT. 359
tocopherol isomers &, a-, pB-, V-tocopherols % 2% 9]

tocotrienol isomers &, v-9F &-tocotrienols’} &lE T HbH

8-tocopherols % a-¢ PB-tocotrienolst= AEHA LFUdtt. T3+
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ol F82 tocopherolsi= a-tocopherols®]Atl. 3 FolA a
—-tocopheols $t#e E2 2w71 ZUlshe wElt HARAHoZ(p <
0.05) S7Fsteh. 7k, 140C, 160C, 180ColAl 32 3ol A
a-tocopherols $F#F2  441.29+12.6 mg/kg, 476.94+10.1 mg/ke,
520.32+12.3 mg/kgel At FAFEE 3ol B-9F  v-tocophrolsel A]
= AEEAT. AW tocotrienols kol A A 3E Zpol= (1At}
Yoshida et al.(1995)<> microwave oven 7}FE = W&oz A 71 &
of| 5] tocopherols 3$F&Fo] AZke] Folof whg} FAgithal B3k
t}. 3 Yen(1990)2 microwave oven 7FE 2 WEo R H 7]E
ol 4 tocopherols F°] Ho] 200C7HA] #HS %o 23] 73k
v} ¥ 18t Lane, Quereshi & Salserl(1997) 9 A thF4 7k~
QB o3 4 HAA(100-175C)7F "ol A tocopherols®]
T3 FE&S 7ML Buskdth Kim et al.(2002) <A @AW
Hjo} 7] &0l A a-tocopherols 3ol Ha >k Algto] F7Fghel
wel F7bettta B skl Moreau, Hicks & Powell(1999)2 <
T A A A v-tocopherols®] 717} FE¥ A Z7bd diE
el e 9dS AAEdEdH, olv A™E e v
~tocopherols7} e Ao A3 AL e QAo x| o] o
A¥a Aol o3 ols ZAgtol A= Aol FAEE Aol
S E dojuh=], o714 tocpherols®t QUAFH E= Q1A A
= dAZst= Aol e AAdd oa sd
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Table 24. Changes in tocopherol and tocotrienol compositions of
safflower oils prepared from safflower seed unroasted or roasted

at 140, 160 and 180C in electric oven

Tgcopherol Roasting temperature(C)
isomers

(ma/ks o) 0 140 160 180
a-Tocopherol | 385.9+12.7° 441.2+12.6° 476.9+10.1 520.3+12.3°
B-Tocopherol | 89+1.1 8.6+1.4° 11.8+0.2° 12.4+0.9°
v-Tocopherol |  2.4+0.5" 4.0+1.8" 6.5+0.1 7.7+0.5°
8—Tocopherol ND° ND¢ ND ND¢
a-Tocotrienol ND® ND® ND ND®
p—Tocotrienol ND* ND¢ ND ND*
v-Tocotrienol 5.2+0.6° 3.8+1.5° 7.0+0.1 5.8+0.6°
8—Tocotrienol 8.4+0.8° 7.8+1.3° 7.5+0.6 7.5+0.1°

"Mean values +SD of determinations for triplicate samples

"Value of the unroasted samples and values in the same
line(within the same subgroup) with different superscript
letters(b-e) are significantly different(p<0.05) as measured by

Duncan’s test.

Ahsh b AAbe Be 27t SUhstel wet 33kt Abst
Sk Alo] ZrhethE A @913lgit) Fig 2 60TolA A4 et

e Fohfoh BA 2 FagolA HastE £A9 waE v
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ok 54 e SsholA tkstE FA= Frhstel(P < 0.05),
60ColA 1597 A3 o] %o 241.11+7.84 meq/oil kgoll =& 3
thoakAIRE 180Tl A H2 B3l 22 715 #AtstE A
= AA3 F7rste] 60Tl 15Uz A%
meg/oil kegoll WA A T 1543 AA7E o] FA F2 IR
2 1407C, 160TC, 180TCelA 3HS F3MolA A2 7|59 A&
TR = 27 241.11+7.84 meqg/oil kg, 169.30+6.20 meq/oil kg,
122.79+5.37 meq/oil kg, 64.20+3.23 meq/oil kgelAt}t. Fig 32> 6
0CoNA A &<t T3l conjugated diene o] W3S o}
Efdlith 3379 conjugated diene S A H A|FFo] F71EHo|
gl ARAHo2(P < 0.05 F7H8FA . conjugated diene &9 W
sto] 71x3g S3hfol Abst HAAA S IibstE A2 P Abst
AP dAE AT WA, FOH S oA EHE Z3A A

Ao J|mo Mz ¢ro mi Er o LToA] EO T35y o)A

77—

rol'

o] 3o 64.20+3.23

D= 7IEEGY 4 ¥ =2 As ke B & Ao o™

S/HUE As B 7Y 2 715 Wi 23 (Yen & Shyu,
1989)¢F dA&t3th £ =2 2RoA EH2 TIHNZFEH e
2 23] £ 2 s HAAS Fe A4 sk A EHE H
-~E 4% §bE AbEo 719d 7hsAdel =k Fig 1o =A% wpe
F5 7lF°l ¥4 ZolHth v Hetd &
v Lt =55 -4 F W AbEo] £ ®Weol A HIATH

Fo] A8 ot A E Maillard ¥HE AHE
S k3l saks FA S HolxE Ao R HE At Beckel & Waller,

1983, Elizade, Rosa & Lerici, 1991, Lee, 1992, Elizade, Bressa &



Rosa, 1992, Jung. et al. 1999).

500

—&— Unroasted
400 —v— 140°C
% —&— 160°C
o —o— 180°C
=
o
@ 300
E
[}
=
©
>
o 200
kel
X
o
[}
o
100
e
0 1 1 1

0 5 10 15 20 25 30

Storage time(days)

Fig 2. Changes in peroxide values of safflower oils prepared from
safflower seed unroasted or roasted at 140, 160, 180C in electric

oven during storage.
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Fig 3. Changes in conjugated diene values of safflower oils
prepared from safflower seed unroasted or roasted at 140, 160,

180°C in electric oven during storage.

2R EAH7Z AT F A FHAA FHe7]el ¥l 140,
160, 180, 200°C® #& % 110°CE FA 3= expeller® 23 %

st ¥ AN A= Table 2500 YEFHSATE. A4 o2 110°C
ol A ZHfrAl 160°Coll A 352 Aol &3} shol A -F38hAl Wbt
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Table 25. Sensory evaluation of safflower oils prepared by

different roasting and expellering temperatures

e A 140/110 160/110 180/110 200/110
R

E0] A A 2.4 1.7 1.7 1.7

A% HAY 2.7 3.2 2.8 3.0

ekl Al 24 2.5 3.3 3.5

2kl A 1.8 1.8 2.4 2.2

WA 73 % 29 3.5 2.4 2.8
D}l‘

FH[ ¥t 2.2 15 1.3 1.5

A%k gk 2.6 29 2.5 2.5

gkt 1.8 2.8 3.7 39

&t 1.9 24 3.1 3.7

75 = 2.8 2.8 2.3 2.2

Fe% 140, 160, 180, 200°C=Z #<2 % 110°CE fA&H:=

expeller® #3192 ul 160°CANA #obA A5 2ol Fah %ol
A $eAl dehgth ey ®eewd nte expeller £E7b @

e Aoz ool

LT =

T -=

Table 27 YeEbH AT

Ho o=

TTE -2

130, 150°C& 3}

2354
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Table 26. Sensory evaluation of safflower oils prepared by

different roasting and expellering temperatures

o= | 140/130 160/130 180/130 200/130
Y
ZH Ay A 24 1.9 1.8 19
AT A 2.6 3.4 2.9 2.5
e Al 19 1.9 2.6 3.4
2ok A 16 1.2 15 15
WAl Va2 s 2.6 3.4 1.8 2.8
D}l‘
EH st 1.8 15 14 14
aagk gk 2.5 3.2 2.9 2.7
ek 2.3 24 3.4 41
&yt 1.8 2.3 3.2 3.9
s 2.6 34 2.3 1.5

Table 27. Sensory evaluation of safflower oils prepared by

different roasting and expellering temperatures

e g | 140/150 160/150 180/150 200/150
] Af
ZH WA 24 2.0 1.6 1.7
LA HAY 2.7 3.7 3.8 3.2
gAY 19 2.1 2.8 3.2
QEIRLRY 2.0 1.8 1.5 1.6
WAl 7Ex 2.7 3.3 2.9 2.7
13]\,
EH st 2.0 1.8 1.3 14
BLE g\ 2.3 2.9 2.7 2.6
gkt 2.4 2.3 3.7 3.5
&t 2.4 2.2 3.4 3.8
755 2.8 3.0 2.6 2.5
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180, 200°Coll A o} =

g A

7}

3 Aol 140,

N 550 Lher

SETE 140°Cell A SFobA Ztgk A2 160°Coll HlsiA 7] S =7} Hof

Ao, 200°Col A ol

e, ol At kst ghol

’

Zk

F A WAANA At B

R e R

AAF A3 160°Coll A FFobal 110, 130, 150°Coll A 23k Alo] 3}
gtoll A kAl e o] 37FA] A # el

3t A= Table 289 EF ST}

i

e AeHALE FA

[U

Table 28. Sensory evaluation of safflower oils prepared by

different roasting and expellering temperatures

oo /A G 0% 160/110 160/130 160/150
w AH
A WA 19 2.1 24
4% WAf 34 1.8 2.3
Eh Al 25 1.8 1.6
2kl Al 1.6 16 14
WA 7| E e 2.9 29 24
1;)1]\_
B IER 1.6 1.7 24
4% gk 2.7 2.9 2.6
1235\ 3.1 2.1 16
&k 2.9 2.1 25
VNEE 2.3 2.9 2.8
Awka o2 160°Co Al HolA 110, 130, 150°CelA 2HF-3F AF

130°Col Al 2+g-8k E3-87F 1103 150°Col A =
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gt A -k Al ey 2 2 A EEE Al 160°Cel

A FobA] 130°Cel A Bfake Aol g Fe Ao Budd

A4 4. Q9

B eE(140-180C)8 welste] B

flo
>
it
-
o,
rlj
il
2
>
ol
Lot

Z3re] 78 JdAE A A2 Plolth. 1¥ld], &shfolA PI
H &2 He 257F 7t mel dA8HA S 7Fs A tH(P<0.05).
Tocopherol®} tocotrienol isomers, TFA] &}l a-, p-, v
~tocopherols 2 v-¢} §-tocotrienols”} B EF A, HEA §
~tocopherols @ a-¢} p-tocotrienols®= A% A &gkt

old 23t AL FHe 2=7F SFE wel &3krel Absk <b

FEGo e Ag 20 we AR 54 oo BPa A3
AdrA o g 140°Cet 180°CH.th 160°Cell A /2 Zlo] #s4 7|5 %

7} F%31, expeller &% 110, 130, 150°Cell A 23k 25 130°Cell
T F37F 1102 150°Col A 273k Aol wlsf @} stol
A -l vEhg B 230A 3RS A Al 160°Col A ot

ger}

==
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Chapter 4. Chemical Composition and
Oxidative Stability of Safflower Oil
Prepared with Expeller Using Safflower
Seed Roasted with Different

Temperatures

1. INTRODUCTION

Safflower oil is used as the condiment oil along with sesame,
red pepper and perillar oils in korea. Traditionally, these
condiment oils are prepared by extracting the roasted seed with a
mechanical press or expeller after the seeds have been roasted at
the appropriate temperatures(Yoshida & Takagi,1997; Kim, Kim &
Lee, 1998). During the roasting process, pleasant aroma or
taste(nut-like or peanut butter-like) that transfers to the oil
during extraction is developed. This conventional method for the
preparation of condiment oils such as sesame, red pepper and
perillar oils involves cleaning, roasting and pressing but not
refinning(Kim et al., 2002). The roasting process is the key step
for making condiment oil since the color, flavor, composition and

quality of the oil are all influenced by the conditions of the
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process. Some researches (Yen & Shyu, 1989; Jung, Bock, Baik,
Lee & Lee, 1999; Kim et al, 2002, Yoshida & Takagi,1997)
reported that chemical composition of an oil is independent on the
roasting temperature used for preparing it. However, little
investigation has been conducted on the effects of roasting on
the chemical composition and oxidative stability of safflower oil.
Recently, the roasted safflower seed was concerned to as
medicinal foods for bone formation in Korea. The powder of a
roasted safflower seed influenced in the recovery of bone fracture
by accelerating the process of bone repair in rat(Kim et al. 1998)

The objective of this study was to investigate the changes in
fatty acid composition, color formation and minor components,
such as tocopherol, tocotrienol, and phospholipids, and oxidative
stability of the oil prepared from safflower seed roasted at

different temperature using electric roaster.
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2. Materials and Methods

2.1. Safflower and reagents

Safflower used in this study, which was purchased from
Kyungbook  Agricultural Cooperative  Federation(Kyungbook,
Korea). Tocopherol 1somers were purchased from
Merk(Darmstadt, Germany) and tocotrienol isomers purchased
from Calbiochem(Calbiochem—-Novabiochem Co., San Diego, CA).
Phospholipid standards were purchased from Sigma Chemical
Company(St. Louis, MO). Other chemicals used in this study

were of analytical grade.

2.2. Preparation of safflower oil

Safflower seeds(1kg) were roasted in the electric roaster
equipped with a stirrer and a temperature controller. Safflower
seeds were roasted by electric roaster with constant stirring up
to reach 140 oC, 160 C and 180 C. Times reached up to 140, 160,
1800C were 17.05+, 19.36+ and 24.08+ mins, respectively. The
roasted safflower seeds were immediatly trnasfered to the
mechanical pressmechanical press(Dongkwnag Oil Co, Seoul,
Korea) and then pressed at 600 kg/cm2 for 20min to obtain the

safflower oil. Unroasted safflower oil was prepared by the same
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procedure as described above but without roasting. The extracted
safflower oil were filtered with cheese cloth under vacuum to

remove a particles.

2.3. Determination of color development

As an index of color development (Yoshida, Takagi &
Mitsuhashi, 1999), the absorbance at 420 nm of 5.0% (wt/vol)
solution of oils in chloroform was determined with a

spectrophotometer(UV-900; JASCO, Tokyo, Japan).

2.4. Fatty acid composition

Oils were esterified with according to AOCS standard
method Ce 2-66(1990). Methyl esters of fatty acid(FA) were
extracted with hexane. Then 1 ul aliquots of the extracts were
injected into a gas chromatography(Varian 3800; Varian Inc.,
Walnut Creek, CA) equipped with a FID. The column used was
a supelcowax 10 fused-silica capillary column(30 m x 0.32 mm
i.d.; Supelco, Bellefonte, PA). The carrier gas was helium, and
the total gas flow rate was 20 mL/min. The injector, oven, and

detector temperatures were 240, 190, and 260°C, respectively.

2.5. Phospholipid analysis
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To analyze phospholids by HPLC method(Kim et al., 2002),
phospholipids were isolate from the oils as follows. Triplicate
samples of 2 g oil were fractionated on a 20 g column of silicic
acid (100 - 200 mesh, Sigma) with sequential elution by 200 mL
chloroform, 100 mL acetone, and 200 mL methanol. The methanol
was removed in a rotary evaporator at 35 C; the sample residues
were then frozen(-600C) until analysis. Phospholipid analysis
were performed with HPLC(PU-1580;JASCO) connected to a
Rheodyne injector with a 20 wul sample loop and an
ELSD(Shedex 55; Richard Scientific, Novata, CA).Phospholipids
1solated by silicic acid column were analyzed on a normal-phase
column, Lichrospher Si-60(250 x 4.6 mm i.d.; Merck Co.), and a
linear gradient elution from (A) chloroform/tertiary-butyl-methyl
ether (7515, vol/vol) to (B) methanol/ammonium
hydroxide/chloroform (92:7:1, by vol) at 0.5 mL/min for 30 min
and held at (B) for 10 min. This was followed by a reverse
linear gradient to the starting solvent (A) at 0.5 mL/min for 10

min.

2.6. Tocopherol and tocotrienol contents

Tocopherol and tocotrienol contents were measured according

to the method of Kim et al.(2002). 1 g of the safflower oil, 4 mL

5% pyrogallol solution in ethanol, and a few boiling chips were

placed in a 120 mL round-bottomed flask fitted with a reflux
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condenser and heated on a hot plat. When the mixture started
boiling, the condenser was removed and 1 mL 50% aqueous
potassium hydroxide solution was added. The sample was
saponified for 5 min. After saponification, the flask was placed in
an ice bath, and 20 mL water and diethyl ether were added. The
mixture was transfered to a 250 mL separatory funnel. Extraction
of sample with 30 mL diethyl ether were repeated twice. The
pooled diethyl ether layer was washed three times with 20 mL
distilled water, filtered through anhyrous sodium sulfate, and then
evaporated at 300C. The remaining sample was diluted with 10
mlL n-hexane and filtered through a Millipore 045 um FH
membrane and injected into the liquid chromatograph(LC). The
LC system consisted of a HPLC(PU-1580; JASCO) connected to
a Rheodyne(Rohnert Park, CA) injector with a 20 uL. sample loop
and a fluorescence detector(FP-1520; JASCO) with excitation set
at 298 nm and emission set at 325 nm. Lichrospher Si-60
column(250 x 4.6 id.; Merck Co.) was used. The mobile phase

was n-hexane/2-propanol(99:1) at 1.0 mL/min.

2.7. Oxidative Stability of Unroasted and Roasted Safflower Seed
Oils

To study the oxidative stability of unroasted and roasted
safflower seed oils, 60g of oil was transferred, in triplicate, to a

100 mL capacity glass beaker. The samples were stored in
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forced-draft air oven at 600C for 31 days. The oxidative
stabilities of oils were studied by measuring the increase in
peroxide content with according to AOCS standard method Cd
8-53(1990) and conjugated diene content in the oils(Jung et al.
1999). For the determination of conjugated diene, samples were
diluted with 2,24-trimethylpentane. The absorptivities of the
prepared samples were then measured at 233nm, and the contents
of the conjugated diene were expressed as absorptivities of the

196 safflower seed oils in 2,2,4-trimethylpentane at 233nm.

2.8. Statistical analysis

Each reported value is the mean of determinations for
triplicate samples prepared from eack roasting condition, and the
data are analyzed by ANOVA and Duncan’s multiple range
test(Duncan’s test). Statistical significance was accepted at a

level of P<0.05(1996)
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3. Results and discussion

3.1. Color development

The color development of safflower oil prepared at different
roasting temperatures is shown in Figure 4. With increasing the
roasting temperature, browning substance were developed,
resulting in significant(P < 0.05) increase of the absorbance at
420 nm. The color of oils from safflower seed changed gradually
from light-yellow(absorbance;0.093) before  roasting to
brown(absorbance;0.202 and 0.239) at 140 and 160 oC and to
finally deep-brown (absorbance;0.332) at 1800C. Therefore, the
color formation in the o1 was influenced by roasting
temperatures. The formation of browing substances in several
thermally processed foods results from Maillard-type
non—enzymatic reactions between reducing sugars and free amino
acid or amide (Koechler & Odell, 1970). The increas in color of
oils with Increasing roasting temperature seemed to be due to
non-enzymatic browning at the elevated roasting temperatures.
Previous studies(Kim et al., 2002, Yen, 1990, Yosida, 1994) have
reported that an increase in the roasting temperature of seeds,
such as rice germ and sesame seed, resulted in significant

increase in color of oils, which is consistent with our results.
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Fig 4. Changes in absorbance(color index) of the oil extracted
from safflower seed with different roasting and expeller

temperatures

3.2. Fatty acid(FA) composition

FA composition of an oil can be an indicator of its stability,
physical properties, and nutritional value. There were almost no
differences in FA composition of safflower oils prepared at
different roasting temperature. Safflower oil(unroasted) consisted

of 553 palmitic, 1.62 stearic, 11.00 oleic, 81.45 linoleic, and
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0.40% linolenic acids. Safflower oil from seed roasted at 1800C
consisted of 4.99 palmitic, 1.69 stearic, 10.87 oleic, 82.04 linoleic,
and 0.41% linolenic acids. Previous studies(Kim et al.,, 2002, Yen,
1990, Yosida, 1994) have reported that no differences in FA
compositions of rice germ and sesame seed oils prepared at
different roasting temperature and time. Common commercial
safflower with oil containing about 80% linoleic acid(high linoleic
acid) is leading type of safflower grown; about 80% of all
safflower grown in the United States is this type(Knowles.et
al.,,1965). Another type of safflower(high oleate), with oil
containing about 80% oleic acid, may be of increasing interest
because it is monounsaturate(Knowles et al. 1965). However,
commercial safflower with oil containing about 80% linoleic
acid(high linoleic acid) is leading type of safflower grown in the

Korea from our this results.
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Table 29 . Fatty acid compositions of the oil extracted from

safflower seed with different roasting and expeller temperatures

Roasting  Expeller Fatty acid methyl ester (%)

temperature temperature

©C) ©C) C16:0 C18:0 C181 C182 (183
140 110 5.0 16 108 82.1 0.5
140 130 5.2 16 115 814 0.3
140 150 5.6 1.8 119 805 0.2
160 110 5.3 16 107 82.1 0.3
160 130 5.4 16 105 821 0.4
160 150 0.4 16 105 82.3 0.2
180 110 5.2 1.7 11.0 818 0.3
180 130 5.7 16 11.0 815 0.2
180 150 0.8 1.5 106  81.8 0.3
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Table 30 . Chemical characteristics of the oil extracted from

safflower seed with different roasting and expeller temperatures

Roasting Expeller ) ) ~ Conjugated
Acid Iodine , Peroxide ]
temperature temperature SV diene
value vlaue value
(°C) (°C) value
140 110 16 146.6 193.1 3.8 0.1
140 130 19 1461 1939 35 3.8
140 150 1.7 146.8 1909 2.7 3.0
160 110 16 146.2 1909 3.0 3.3
160 130 1.7 1478 192.1 2.5 35
160 150 19 1475 1935 3.0 34
180 110 1.7 1484 1910 2.1 4.2
180 130 1.7 1473 190.0 1.6 4.6
180 150 1.7 1474 1894 1.6 34

3.3. Phospholipid contents

The phosphorus contents and phospholipid distributions
determined by HPLC-ELSD for safflower germ oils prepared at
different roasting temperature are presented in Table 31. There
were significant(p < 0.05) differences in the phosphrous content
of oils prepared at different roasting temperatures. With
increasing roasting temperature, phosphrous contents significantly
increased. Phosphrous contents of oils prepared from safflower
seeds roasted at 140, 160, and 1800C were 100, 140 and 175

ppm, respectively, whereas that of oil prepared from unroasted
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safflower seed was 19 ppm. Veldsink et al(1999) reported that
the phosphorus content of rapeseed and sunflower oils
significantly increased as the preheating temperature of the
oilseeds increased.. Clark and Snyder(1991) also reported that at
a higher pretreatment temperature, a large amount of
phosphoruss was extracted. Our results confirmed these
observations. Four phospholipid classes such as
phosphatidylethanolamine(PE), phosphatidylinositol(PI),
phosphatidic acid(PA) and phosphatidylcholine(PC) were identified.
The major phospholipid component of safflower seed oil is PIL
However, the proportion of PI in the safflower oil increased
significantly(p < 0.05) as roasting temperature increased. Kim et
al(2002) also reported that the PI content of rice germ oils
significantly increased as the roasting temperature and time of
rice germ increased.. However, PE in safflower oil decreased
significantly as roasting temperature increased (P<0.05).
Therefore, PE has the lowest stability among phospholipids in
safflower seed oil. Previous studies (Yoshida et al. 1995,
Yoshida et al. 1999) have reported that an increase in the
roasting time of seed, such as sesame and soybean, resulted in a

significant reduction in PE, which is consistent with our results.
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Table 31. Changes in phosphrous contents and phospholipid
composition of the oil extracted from safflower seed with

different roasting and expeller temperatures

Roasting  Expeller Phosphorus Phospholipid classes(%)

temperature temperature content

©C) ©C) (ppm) PE PI PA PC

140 110 121.5 21.0 61.9 1.2 15.9
130 130.0 20.8 62.5 1.9 14.8
150 132.0 21.3 68.0 1.3 94

160 110 152.5 16.6 68.6 1.6 13.2
130 155.3 17.6 70.3 2.1 10.0
150 162.5 16.7 78.4 1.7 3.2

180 110 175.3 13.7 79.0 1.6 5.7
130 172.0 11.6 35.0 1.2 2.2
150 170.1 7.5 90.0 1.2 1.3

3.4. Tocopherol and tocotrienol contents

The contents of the individual tocopherols and tocotrienols in
oils prepared at various roasting temperatures are given in Table
32. Three tocopherol isomers, ie., a-, Bp—, and v-tocopherols,
and two tocotrienol isomers, i.e., Y- and 8&-tocotrienols were
identified, whereas no 06-tocopherol, a-, and p-tocotrienols

were detected. The major tocopherol in safflower oil was a
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—-tocopherol. The content of a-tocopherol in safflower oil
gradually(p < 0.05) increased as roasting temperature increased.
For example, the contents of a-tocopherol in safflower oils
roasted 140, 160, 180 C were 441.29+12.6, 476.94+10.1, and
520.32+12.3 mg/ kg. A similar trends were observed in B-, and
v-tocopherols. However, there were no significant differences in
the content of tocotrienols. Yoshida(1995) reported that the
content of tocopherol in sesame oils prepared by microwave oven
heating decreased when over time. On the other hand, Yen et
al.(1990) reported that the level of tocopherol in sesame oils
prepared by electric oven heating increased by roasting
temperatures up to 200 C. Lane et al(1997) also reported that a
heat pretreatment(over range of 100 - 175 C) by a convection
oven caused an increase in level and yield of tocopherol in rice
bran oil. Kim et al.(2002) also reported that the content of
alpha-tococopherol 1in rice germ oil increased as roasting
temperature and time increased. Moreau et al.(1999) offered a
possible explanation for the heat-induced increase in the levels of
v-tocopherol in corn hull, suggesting that a sginificant amount
of v-tocopherol i1s bound to proteins or linked to phosphate or
phospholipid and that heat breaks these bond. It is possible that
a similar phenomenon occurs in safflower seed, in which bonds
linking a tocopherols with phosphate or phospholipid are broken

by roasting.
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Table 32. Changes in tocopherol and tocotrienol compositions of
the oil extracted from safflower seed with different roasting and

expeller temperatures

Roasting Expeller

al-T B-T G-T D-T3 G-T3

temperature temperature
140 110 503.3t18.3 12.1+£2.6 3402 54+06 6.1+0.2
130 504.7£16.9 135*1.8 29+0.6 04+0.1 6.3+0.1
150 488.0+19.5 13.4+09 2.6+0.1 6.0+0.3
160 110 6146187 136*1.1 5209 0.3+0.0 85*0.3
130 604986 13.6x1.3 56+0.8 8.6+0.1
150 5805%15.8 11.7#0.9 56+0.8 6.9+0.6
180 110 555.9+14.2 136+04 4.9+0.7 0.1+£0.0 94+1.1
130 531.3t19.8 13.3+1.8 4.6+04 9.1+0.9
150 4889+143 135*1.3 4.6%0.3 8.8+0.8

3.5. Oxidative Stability of safflower oils

The oxidative stability tests clearly showed that, as the
roasting temperature increased, the oxidative stability of safflower
oil increased. Fig. 5, 6, and 7 shows the changes in peroxide
values in unroasted and roasted safflower oils during storage at
60°C. Peroxide value in unroasted safflower oil increased( P <
0.05), resulting in meq/ kg oil after 15days of storage at 60°C.
Peroxide values of the oils obtained from roasted safflower seeds,

however, increased slowly, resulting in less than meq/kg oil after
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15days of storage at 60°C. After 15days of storage, peroxide
values of the oils from safflower seeds unroasted and roasted at
140, 160, 180°C were meq/kg oil, respectively. Fig. 8 9 and 10
shows the changes in the conjugated diene contents in safflower
oils during storage at 60°C. Conjugated diene contents of
safflower oils increased gradually(P < 0.05) as the storage time
increased. Oxidative stability of safflower oils based on the
changes of conjugated diene contents were in an agreement with
those estimated by peroxide value development. Therefore, the
oils from safflower seeds roasted at higher temperature had a
much greater oxidative stability than oils from safflower seeds
unroasted or roasted at lower temperature. Our present results
were In accodrdance with previously reported results for sesame
oils(Yen & Shyu, 1989), showing that oxidative stability of
sesame seed oil increased with increasing roasting temperature.
Probably the grater antioxidative stablilty of safflower oil
prepared from safflower seeds roasted at higher temperature was
due to non-enzymatic reaction products formed during the
roasting process. As seen in the Fig. , the higher the roasting
temperature, the darker the oil; i.e. the higher the roasting
temperature, the greater the formation of non-enzymatic reaction
products. Maillard reaction products, formed through the
interaction of proteins and reducing sugars, reportedly showed
strong antioxidant activities. (Beckel & Waller, 1983, Elizade, et
al. 1991, Lee, H. S. 1992, Elizade et al. 1992, Jung. et al. 1999)
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In summary, the chemical composition and oxidative
stability of safflower oil prepared from the seed roasted with
different roasting temperatures(140-180°C) were evaluated and
compared with that of unroasted safflower oil. Color phosphorus,
phospholipid, tocopherol, and tocotrienol contents of oils varied
with the roasting temperature. However, fatty acid compositions
of safflower oils did not change with roasting temperature. The
major phospholipid component of safflower seed oil is PL
However, the proportion of PI in the safflower oil increased
significantly as roasting temperature increased (P<0.05).
Tocopherol and tocotrienol isomers were identified, ie., a-, p-,
and v-tocopherols, and Y- and ©&-tocotrienols, but no 8
—-tocopherol, and a-, and p-tocotrienols were detectable. The
oxidative stability showed that, as the roasting temperature

increased, the oxidative stability of safflower oil increased.
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Fig. 5. Changes in peroxide values for storage of safflower oils
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4. ABSTRACT

The chemical composition and oxidative stability of safflower
oil prepared from the seed roasted with different roasting
temperatures(140-180°C) were evaluated and compared with that
of unroasted safflower oil. The color development and phosphorus
content of oils increased significantly as roasting temperature
increased. The fatty acid compositions of safflower oils did not
change with roasting temperature. The major fatty acid were
linoleic acid, ca 80%. Four phospholipid classes, i.e., PE, PI, PA
and PC, were identified. The major phospholipid component of
safflower seed oil is PI. However, the proportion of PI in the
safflower oil increased significantly as roasting temperature
increased (P<0.05). However, PE in safflower oil decreased
significantly as roasting temperature increased (P<0.05).
Tocopherol and tocotrienol isomers were identified, ie., a—, B-,
and v-tocopherols, and vy- and &-tocotrienols, whereas no 6
-tocopherol, and a-, and Pp-tocotrienols were detected. The
major tocopherol in safflower oil was alpha-tocopherol. The
content of alpha-tocopherol in safflower oil gradually increased
from 441.29 to 520.32 mg/kg as roasting temperature increased
from 140 to 180°C. The oxidative stability showed that, as the
roasting temperature increased, the oxidative stability of safflower

oil increased.
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in acid value of the oil extracted from

Table 33. Changes

safflower seed with different roasting and expeller temperatures

Acid values

Expeller temperature(°C)

Roasting temperature(°C)

1.1

3.0

1.1
1.2+
1.2+

140

110

130
150

3.4
1.2+
1.4+
1.4+

160

110
130
150

3.4
1.2+
1.3+
1.3+

180

110
130
150

2. 27F A 7Est

AhE

Foh9)

AR A deEw

she

x
B

Table 340 e .

-
T
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Table 34. Reduction of acid value of the safflower oil treated by

some active carbons, perlite, and silicates powders

Materials |control BAC CAC COAC DA PER SA-1 SA-2 SA-3
Acid

value

471 454 430 455 451 459 421 292 111

BAC; Baboo active carbon, CAC : COAC:Coconut active carbon,

B )
=

]

g e, FRE, dEtolE A A Arhe 0245 74,
T3 A7 Atglel= &9t flsley, Silicate®  $fsheE
SA-1, SA-2, SA-3¢ @AwgrET 27t Azdste] arb AU
SilicateZ ¥Hfrst= SA-1, SA-2, SA-3% SA-29} SA-3& Az d
A% 47100 A el 3 A7k 1799 366 skl 2929 1115 Y
Bl o SilicateE 33 SA-1, SA-2, SA-3%F SA-3°] Ak
Ve Eoled Mg EA ey

SA-30] A7} A7sle] 71 37 ZERE, SA-3S FEEE
T3E AHstAe wW A7be] WslE Table 350 WERWRAT
SA-3% S3H+ uiv] 5% HE Al A7E7E 471604 24402 7FAEES
3L, 10% H A Ab7kE 097, 16% A2l Al 043, 209%3 2] Al 0.21744]
AA7d stk wEkA SA-33 ARR Al &3k div] SA-3 W7t
F 10% AE7HA] @i a9t o) AVl =S Ae 15% 8=
7HA ARt Ao R AdHAT &S SA-3 HU FEVF =
SFE Yol SA-3% 5, 10, 15, 20% A Al 79.3, 59.2, 47.13%}
401%2 YEAY. 2822 SA-3S Agsed ArtE ZarZ
ek o

T oy g&o] Ui vof ddAe] gle Ao

el
e
2
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40, 50, 3008 AL o] 4 T3
B35 e ANE, B8, 134 VE

= Aot

Table 35. Changes of acid value and vyields of the high

acid-safflower oil treated by various concentrations of SA-3

Concentration(%) 0 5 10 15 20
Acid value 4.65 2.44 0.97 0.43 0.21
Yield 100 79.3 59.2 471 40.1
3. SA-3 A W T3fo A W}
7} Ab7re] ws)
1602} 180°CollA &2 F expeller<%= 110, 130, 150°Cell A 674 2]

A5 #Hfreto] Ab7b Azst viAlm AR SA-3& 5, 7.59%

2 71 W3l Table 3601 WERY
Fargtd o, 10% 2 Al
Mgt Ae=fe A

10%9 F=W2 Aed Fahfo

c AR sEF S el we Abbe
AR 022 YEY A S3hek el
0.20]stell = gtatict.

u\l

. 29 =7t W3l

1709} 180°Ceoll Al -2 F expeller=% 110, 130, 150°Cell A =23}
o] SA-3& % 5 75 10%= AH#g F3hie] 8907t W=
Table 37¢1 WeERHSTE A ko el 20 =7k Aol=
flolom, 2o =rke] MelE 146 - 149 Welol AAth
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Table 36. Reduction of acid value of the safflower oil treated by

various concentrations of SA-3

A 5= (%)

Roasting—-Expeller -
) 5 75 10
Temp.( C ) )
Acid value

160 - 110 1.2 0.5 0.2 0.1
160 - 130 14 0.6 0.3 0.2
160 - 150 14 0.7 0.3 0.2
180 - 110 1.2 0.6 0.2 0.1
180 - 130 1.3 05 0.2 0.1
180 - 150 1.3 0.6 0.3 0.2

Table 37. Changes of Iodine value of the safflower oil treated by

various concentrations of SA-3

Akl Al F (%)

Roasting—-Expeller -
) 5 75 10
Temp.( C ) :
Todine Value
160 - 110 146.2 147.2 143.6 146.5
160 - 130 147.8 146.2 147.3 143.9
160 - 150 1475 147.0 149.8 147.0
180 - 110 148.4 148.1 148.5 148.3
180 - 130 147.2 148.0 148.0 148.2
180 - 150 147.4 147.6 1489 146.9
ot Hshrt

1709} 180°Col A ¥ % expeller<%= 110, 130, 150°Coll A =7
ste]  SA-3& % 5, 75 10%E A= F3Fo Asirt wse

- 134 -



Table 389 YelH AT A2l Fol wl Asrt= & Aol gl
o, Atz M= 179 - 199 F el AUt
Table 38. Changes of saponification value of the safflower oil

treated by various concentrations of SA-3

. Gakm A (%)
Roasting-Expeller

. 5 75 10
Temp.( C )
Sap. Value

control 194.21+3.12 192.11+£3.16 192514515 193.81£7.16
160 - 110 193.81+6.16 193.80£6.60 194.81+4.56 197.89£8.11
160 - 130 188.88+3.28 193.81£6.90 195.84+4.16 192.81+6.61
160 - 150 179.92+1.75 192.12£1.16 192.11+£8.61 193.67£7.21
180 - 110 194.43+3.47 194.76£7.16 183.61+10.1 188.81£8.23
180 - 130 199.46+2.18 195.84+£3.61 194.63+£8.16 194.92+6.16
180 - 150 189.39+0.96 193.34+£7.66 193.98+£9.09 194.00+7.77

gh Al =

1602} 180°Ceoll A # 2 5 expeller2%=

110, 130, 150°Cell Al =+

3t SA-3& ¥ 0.5 75 10%= A&t $shfo Aual

© Table 399 YetlAt. &4F A2 S3h7o] Agrks #4390

A3} palmitic 6.5, stearic 2.3, oleic 10.6, linoleic 79.0, linolenic acid

1.0% % Yetgon Fa AWk linoleic acid® ¢F 79%% %] &}

Ak GAb wiA] Aol whE Fo AAke] Wk Ao givlon,
= °F 79%E A3

2

linoleic acid’} 8 A HHAFO
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Table 39. Changes of fatty acid composions in safflower oils

Roasting SA-3
-Expeller concentration 16 : 0 18 :0 18:1 18:2 18:3
(T) (%)
0 6.46 2.26 10.90 79.02 1.37
5 6.56 2.27 10.45 80.90 1.45
160-110
75 6.44 2,38 10.98 79.90 0.35
10 6.72 2.10 11.34 78.99 1.46
0 6.41 2.15 10.44 79.86 1.14
5 6.45 2.56 11.32 80.12 1.34
160-130
75 6.78 2.39 10.34 79.92 0.23
10 6.79 2.45 11.01 81.30 1.22
0 6.55 2.23 10.41 80.71 0.10
5 6.67 2.24 10.98 81.33 1.23
160-150
75 6.88 2.59 11.20 79.56 1.89
10 6.89 2.56 9.99 79.46 1.20
0 6.78 2.30 10.39 78.97 1.57
5 6.54 2.55 10.98 79.56 1.20
180-110
75 6.78 2.45 11.00 79.90 1.34
10 6,23 2.10 11.98 78.09 1.43
0 6.59 2.29 10.68 79.10 1.33
5 6.89 2.30 10.90 78.49 1.09
180-130
75 6.34 2.54 11.12 79.12 1.90
10 6.78 2.20 11.45 80.12 1.81
0 6.29 2.19 10.29 79.98 1.25
5 6.34 2.09 10.35 80.20 1.56
180-150
75 6.20 2.90 10.23 81.33 1.09
10 6.37 2.89 10.10 78.34 0.99
4. GAk oA Ao w2 s EA
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1602} 180°Coll A &2 F expeller<% 110, 130, 150°Cell A =
st SA-3& F% 0.5, 75 10%= At 3o #HA 2
7= Table 40°] YERUATE Ay oz 180°ColA HS F
expeller<% 110 - 130°Cell Al Zfrate]  &AF wjAQl A Aol E
& 75%% Agd Aeo] EEoM -58kA e

Table 40. The results of sensory evaluation of lowering—acid

value of safflower oils

Roasting—Expeller A A 5= (%)
Temp.( T ) 0 5 75 10
control 5.0 5.0 5.0 5.0
160 - 110 2.40£0.28 2.37+0.11 2.43+0.26 2.42+0.38
160 - 130 3.88+0.21 2.88+0.21 2.34+0.25 2.42+0.18
160 - 150 3.92+0.75 3.97+0.50 4.00+£0.35 4.10+0.82
180 - 110 5.43+0.47 5.29+0.15 5.92+0.75 5.49+0.28
180 - 130 5.46+0.18 5.76+0.82 5.98+0.21 5.40+0.45
180 - 150 3.90£0.96 3.82+0.62 3.56+£0.56 2.40+0.28

180°Cell A FobAl 150°C 2+
o] ZstAl yEbwTh wekA BeAAF A 180°Cel A FokAl 110,
130°Coll A #6351l SA-3E 75%Agste] A7tE %E 3357}

59 Ao yepit

sto] B Ae Zubd ey
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Table 41. Reduction of acid value of the safflower oil treated by

various concentrations of SA-3

. A A F 5= (%)
Roasting—-Expeller

5 75 10
Temp.( C ) )
Acid value
160 - 110 1.2 05 0.2 0.1
160 - 130 14 0.6 0.3 0.2
160 - 150 14 0.7 0.3 0.2
180 - 110 1.2 0.6 0.2 0.1
180 - 130 1.3 05 0.2 0.1
180 - 150 1.3 0.6 0.3 0.2

5. A7F A7zt &bl A A
180°Col A 2 & expeller2% 110, 130°Col A 2702 Al +=
zZhate] @k mj ARl SA-3 FE T5%E A2 e 3ot AvtE
Azt sh71d 7S E7 e Ao®E uEhd =71 160°Cel A

2o 5 expeller2% 130°CollA  ZF3t $3/FE5 dAWE

0

(Rancimat)® ZA}3E F-=7]7HS Table 42 YEeRATE. F- =7 7F
7

< A7F AzskE A FERE dokxlen, ol A el
A A Al ool EAske dAks Edd EmsEs 243
Edo] 257 WEer AdHAY
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Table 42. Induction period of the safflower oils non-treated and

treated by SA-3

) o o Induction
Roasting temperature(°C) Expeller temperature(°C) .
period
160 130 1.00
180 110 0.75
130 0.85

A 7L FEHO A3 by A% 1%
(1) A FAeAET S5 48 Y A%

1

a-, &-tocopherol¥} rosemary FEES
St A4 S8l kst
A v E(Rancimat) = Z=AE 1527132 Thle 430 YeEFH AT,
33

SIS A7 AZEEE AR

QLY

dAdZrsiAz &

>

50, 100, 150, 200ppm & x==

e F7MA7]1+= £4]+= a-tocopherol < &-tocopherol <

~

rosemary F&&= TO|UTh H3 T2 FoA dibslE e Av|®

a-tocopherol < §-tocopherol < rosemary F&%& o]ttt
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Table 43. Induction period of acid-lowering safflower oil

containing a-tocopherol, 6—tocopherol and rosemary extract

Roasting Expeller )
.. ) Induction

temperature temperature Antioxidant Concentrations od

o o perio
(°C) (°C) (ppm)

control 0 1.00

a-tocopherol 100 1.12

200 1.13

d—-tocopherol 100 1.33

160 130 200 1.35

Rosemary Ex 100 1.43

200 1.47

control 0 0.75

a-tocopherol 100 0.80

200 0.88

110 &—tocopherol 100 0.93

200 0.95

Rosemary Ex 100 1.01

200 1.10

180 control 0 0.85

a-tocopherol 100 0.87

200 0.89

130 §—tocopherols 100 0.93

200 0.97

Rosemary Ex 100 1.08

200 1.20

- 140 -



200ppm F== At
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Table 44 eER]

v
o

s7MN71= A= BHA <

S
=
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Table 44. Induction period of acid-lowering safflower oil

containing BHA, BHT and TBHQ

Roasting Expeller )
.. . Induction

temperature temperature Antioxidant Concentrations od
o o perio

(°C) (°C) (ppm)
control 0 1.00
BHA 200 1.18
160 130 BHT 200 1.30
TBHQ 200 >3.75
control 0 0.75
BHA 200 0.98
110 BHT 200 1.19
TBHQ 200 3.65
1.10

180
control 0 0.85
BHA 200 0.98
130

BHT 200 1.29
TBHQ 200 >4.00
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Fig. 11. Sheet for sensory evaluation of safflower oils
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Table 45. Changes in acid values of safflower oils stored at

different temperature

A2 10C 20C 30C 40C 50C

A7k

() I = B > B
0 1.02 1.02 102 102 102
30 1.04 106 103 105 105
45 1.10 120 125 125 128
60 1.20 128 132 138 149
75 1.40 151 156 160 168
90 1.63 1.71 178 180 183
105 171 178 186 194 199
120 1.78 1.91 198 203 211
135 1.85 199 210 226 223
150 1.91 206 221 231 238
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o

10T 20Ce] A9 AF7Ie 1504 GAL) A HAst 27 A%
%7] 0918t =& 2013 2247 A#Z7]Ht 1.1~1.3 meg/kg =
ZFsFA ek 30, 40 2 50T = 235, 243, 2592 YENY A x7]
of H3] 144~1.68 meq/kg S7FetAth # AAolA %71 10°C
S7hgtel wet FAkstETRe] AeR S A @FUTh oI A=

1 B0 AFLEst FolA5F HaAs AL FAT PSPk

Lol AstE 7 5&538 WA= {7 20meg/kg oil ©]stE
B itk Russell(12)2 A A 59 A&7 45 1 Arhsta

7F= Imeg/kgelofer 8, ol Al A= AAEE7HL
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10meq/kg7hAl= & ZAgle]l AH, AHEE 5 dth= Bae] HF
of & HAAAN} FE7ITE 9HE ool Hol: AV fle AL

2 q55 Ao

Table 45. Changes in peroxide values of safflower oils stored at

different temperature

A== 10T 20C  30C 40T 50T
37}
) ST SAHETL Sk S aHE T k)
0 091 091 091 091 091
30 1.37 1.43 140 138 1.53
45 1.33 145 139 148 158
60 1.40 1.41 142 155 1.65
75 1.47 145 150 170 1.81
90 1.50 151 160 174 1.87
105 1.61 1.63 168 182 1.9
120 1.70 1.79 190 199 213
135 1.87 2.00 214 220 235
150 2.01 2.24 235 243 259
3. B AA
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Table 47. Sensory evaluation of safflower oils stored at different
Al
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A Ae
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Ay Ag

g4 st dA 5= Tk

Table 48. Corelation coefficient for acid values of safflower oil

stored at different temperature

e 1A

A e I ABAS()
10 y=0.005 x-0.0544 0.9381
20 v=0.0054x-0.0307 0.9588
30 v=0.0059x-0.0338 0.9594
40 y=0.0062x-0.0327 0.9690
50 y=0.0063x-0.0096 0.9582

12 W32 y = axx + b

y i In A7}
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Table 49. Reactive rate constant, activation energy and Qo value

of safflower oil based on acid values

Storage Reactive rate Ea
temp(e}:;?ture constant(K)(day ) (Cal/mol) Qo
283 0.005064
293 0.005413
303 0.005761 1098.5 1.07
313 0.006107
323 0.006451

3krel A7HTable 45)¢F 2F 2X&olA o] REE&=4<=(Table
49) 2 A (B)E ol&sto] 4 =oAM ] FE7I Quakd A=
o &3t Fejutete] AWV 125TS 59 v EXNE 1
g3 25TCeM e FE7ITe cdFeen 1

webA 3k A Hit 7120l = 1070 o]/delw 25T E 7]
9
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Table 50. Shelf-life of safflower oils prepared from safflower

seed roasted at 160°C and expellered at 130°C

Storage temp.(C) Shelf-life(day)
10 332.8
20 303.7
30 2785
40 264.9
50 257.0
12.5 327.3
25 293.8
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Table 51. Main machanary of traditional oil factory

71714 =7 A} SF

- 7}F= : 90cm,
A2 90cm,
o] : 140cm

&5 200kg&

J

- AT AwArh AR S AR
Algstel Wde] 2des P
- AR 3go R RelEe] A

CwAel e, Aol golstel G| o oM
M= 1 120cm
A - AR |2 wATY gelstus d.
. o] 210cm
- HER ej=Eel mAEe ol » 00k
dol Ams spel og wAe gws| 0
] - 9000m
[ ’
= A2 1 160cm,

- Az 200kg - 1000kg7hA] =4l

[e]
s ogEE wr) 0] : 240cm

=
22 11000kg &
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< continued Table 51 >

O
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< continued Table 51 >
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< continued Table 51 >
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Table 52. Characteristics of unit in oil processing

EX

Y (conical) HEf7}F At

AR
[m |z

=i
it} RE|(FE 1/30 geared motor)ZE &

2 e
U
:{m 1_01,
i
=
do|m ke

28

w2 55 AATH. Alo]EE(cyclone) 2.2
El:= % 4 Pole, 3HP|t}.

Y

ofs
o
=

o
olm &
>~
>
ofo
p‘L
rlr
i

ARE TFoe] JAE BHHdH. dre
A4 Q== igh-low level 2297} QlofoF 3w, =}

A7 o]E$S T F AEE AF-9d8 A7} AR FH

&
il
24
o
o,
o2
o
N

off

f

o,
ol
1
hinss
o
e

T Fe 502 F AEE A

HP, 1/30 geared motorE A}

)
o

I BEEEE
3,

R
o
=

p

ofifrlt ox|-2 [o o mu|P bl Ha|bu

e
ol
o

>

AR Aol go] Anel %
Sw We Jel WHA we Anst
XJ‘&L

U 7kEd My e %E% dg

2 Ml

b

F0]
=

jus)
=

BN rlo 1o]cp
[o

k1
R
1o
£
X0,

/7] 7} B"LQ‘H AofofF gkt
&3t E e 700kg/cm27F A AREE
GG E AR

3

I-H olft
e

> [T By

o>

o4 2|2 =

rio

P

(¢3 ml
2
>,
re
nj
e
ol
i

i,
AN
=
el
ofo
oft
ol
rlr

E]+= 6 Pole, 75HP, 1/10 gear RH
| wa} screw pitchel Zol7t &akx
xpeller®] ==& dAsA =4

o
X
(o]
@,
aQ
o]
o
£ >
>~
Pl
ofo
QL
rie
o
it
2

2l
)
fu

AV

€

>N >
2 2 ot
o
fru
N Jz.l_ll

k
2.
o
=2
|
5}
=
)
<
@,
|
o,
N
Gl
-
L
ol
ol
=
>
off
i,
K
o o

AW HLIt AFtel 71§
&) Bobdw I WFol ARE shol

% A5l HAES g,

2
N

Jpt o
o

o oo T

rr

oY, I RE=+= P/PAAE, 3= P/E

3

oluj Alg3dl+= HEE= viking pump®E 7SS
o]
A

]
o8]
=)

o] 37| (FILT
ER PRESS)

R
>
2 oo

U %N o . K dr ey el |
%0

2
o e ST 4T U
ﬂl&"ljﬁcrolﬁlﬂm#
i

- 173 -



RAW

WATERAL -

HHDF‘F‘

iRl
1TF‘N“~ ROAATER

[ [ AITONATIC
y ] OLKACHIE
sanoacuet 3 oiacharged i e
SEFERATOR  CONVEYOR -
OIL CAKE 4CREW CONVEYOR —l
- — I
OIL ATORAGE TANK E
FILTER PRESS -
| iy
o : TENK
- T 11 P OlL
dlld ! . COLLECTING
" = b THNK
-+ I

Wy
. . J OIL SETTLING TaK

—*— GOPACKING LINE

Fig. 13. Diagram of advanced oil extration for traditional oil

factory

- 174 -



Lo Buxs sl

Ay,

2.0 HiuA YE&s dxngd

ZENEAY e A A

TSI A E b H U

- 175 -




	전통식품업체형 국내산 홍화유 제조 기술 개발
	요 약 문
	목 차
	제 1 장 홍화에 대하여
	제 1 절. 홍화의 특성
	제 2 절. 홍화씨의 특성
	제 3 절. 홍화씨의 성분
	제 4 절. 홍화유
	제 5 절. 홍화의 용도

	제 2 장 홍화의 성분 특성
	제 1 절. 서론
	제 2 절. 재료 및 방법
	제 3 절 결과 및 고찰
	제 4 절. 요약
	제 5절. 참고문헌

	제 3 장. 압착식 홍화유의 특성
	제 1 절. 서론
	제 2 절. 재료 및 방법
	제 3 절. 결과 및 고찰
	제 4 절. 요약
	제 5 절. 참고문헌

	제 5 장 홍화유의 산가 저감화 기술 개발
	제 1 절 서론
	제 2 절 재료 및 방법
	제 3절. 결과 및 고찰
	제 4절. 참고문헌

	제 6 장 홍화유의 저장 안정성 및 유통기한
	제 1 절. 서론
	제 2 절. 실험 방법
	제 3 절. 결과 및 고찰
	제 4절. 요약
	제 5 절. 기타 사항
	제 6 절. 참고문헌

	제 7 장 전통식품업체의 주요 착유 시설
	제 1 절 압착유를 생산하는 전통식품업체의주요 기기
	제 2 절. 최신식 자동 착유 system


