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Abstract

This study was performed to investigate the antioxidative effects of solvent extracts of eighteen curry spices.
Yields of the curry spices extracted by methanol, ethylacetate and hexane were 6.4~42.9%, 3.9~26.2% and
1.6~29.2%, respectively. Methanol, ethylacetate and hexane extracts of spices were added up to 1,500 ppm
in the rice bran oil and antioxidative effects of extracts were tested by Rancimat. Induction periods of spices
extracted by methanol were in the order of rosemary(33.5hr)>sage(29.1hr)>ginger(28.6hr)>turmeric(26.9hr)>
nutmeg(25.8hr)>oregano(25.6hr)>thyme(25.3hr)>BHT(24.5hr)>control(22.6hr). Those of ethylacetate extracts
were as follows: rosemary(43.9hr)>sage(30.9hr)>oregano(29.0hr)>thyme(27.5hr)>ginger(27.1hr)>BHT(24.5hr)
>control(22.6hr). Those of hexane extracts were in the order of rosemary(47.4hr)>sage(31.4hr)>oregano
(27.3hr)>ginger(25.5hr)>thyme(25.1hr)>control(22.6hr). Solvent extracts of rosemary, sage, oregano, ginger
and thyme showed significant antioxidative effects. Two thousands ppm hexane-extract of rosemary was the
most effective. Addition of hexane-extracts of rosemary didn't show any synergism with the hexane extracts

of sage, oregano, ginger, and thyme.
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AR Ao Fxblack pepper, Piper nigrum L.),
4% F(cardamon, _Elettaria cardamomum M.), A3
(cassia, Cinnamum cassia B.), A& A E(celery
seed, Apium graveolens L.), 3 %(clove, Eugenia
caryophyllata T.), T.4*(coriander, Coriandrum sativum
L.), F9(cumin, Cuminum cyminum L.), 3]8(fennel,
vulgare  M.), ¥ ¥1¥ (Penugreek,
Trigonella  foenumgraecum L., QA% Laurel,
Laurus  nobilis L), v} (marjoram, Origanum
majorana L.), )7} (ginger, Zingiber officinale Rosc),
|-FT-(nutmeg, Myristica fragrans Houttuyn), £8|7}x
(oregano, Origanum vulgare L.), ¥]73(rosemary,
Rosmarinus ~ officinalis L), Alwv}el(sage, Salvia
officinalis L.), A3 (turmeric, Curcuma longa L.), W]
Bk(thyme, Thymus vulgaris L.) 52 GF 31189} 7}
#E(curry powder)S cutting millZd2E 714, F=H
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Table 1. Yields of the curry spices extracted by methanol,

ethylacetate and hexane (unit: %)
Curry spices Methanol Ethylacetate = Hexane
Black pepper 12.7Y 10.7 40
Cardamon 9.7 5.1 4.8
Cassia 31.1 5.1 2.1
Celery seed 11.9 224 21.8
Clove 429 226 17.0
Coriander 64 17.9 18.1
Cumin 129 19.7 19.6
Curry powder 12.2 152 11.5
Fennel 15.7 16.2 17.0
Fenugreek 13.9 5.1 4.6
Ginger 7.2 39 31
Laurel 294 79 40
Marjoram 19.8 7.6 25
Nutmeg 150 26.2 29.2
Oregano 243 92 4.0
Rosemary 26.0 14.9 50
Sage 144 16.1 37
Thyme 20.8 71 28
Turmeric 10.5 59 1.6

YValues are mean of triplications.
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Table 2. Induction periods of rice bran oils containing
methanol, ethylacetate and hexane extracts (1,500 ppm)
of the spices

Curry spices  Methanol  Ethylacetate Hexane
Control 22.69(1.00) 22.6(1.00) 22.6(1.00)
Black pepper  23.3(1.03)Y  23.3(1.03) 22.8(1.01)
Cardamon 24.1(1.07) 22.5(1.00) 22.9(1.01)
Cassia 23.9(1.06) 24.8(1.10) 23.1(1.02)
Celery seed 242(1.07) 22.7(1.00)  23.6((1.04)
Clove 24.2(1.07) 23.3(1.03) 23.5(1.04)
Coriander 24.3(1.08) 22.2(0.98) 23.6(1.04)
Cumin 24.1(1.07 22.8(1.01) 23.4(1.09)
Curry powder  24.3(1.08) 23.5(1.04) 23.2(1.03)
Fennel 23.7(1.05) 22.6(1.00) 23.0(1.02)
Fenugreek 25.0(1.11) 22.5(1.00) 23.0(1.02)
Ginger 28.6(1.27) 27.1(1:20) 25.5(1.13)
Laurel 23.5(1.04) 21.5(0.95) 22.3(0.99)
Marjoram 23.8(1.05) 24.2(1.07) 21.9(0.99)
Nutmeg 25.8(1.19) 25.0(1.11) 23.2(1.03)
Oregano 25.6(1.13) 29.0(1.28) 27.3(1.21)
Rosemary 33.5(1.48) 43.9(1.94) 474(2.10)
Sage 29.1(1.29) 30.9(1.37) 31.4(1.39)
Thyme 25.3(1.12) 27.5(1.22) 25.1(1.11)
Turmeric 26.9(1.19) 25.6(1.13) 22,7(1.00)

DValues are mean of triplications.

YInduction period(IP, hr) of rice bran oil was determined by
Rancimat method.

YAl(Antioxidant index) was expressed as IP of spices
extract/IP of control.
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Fig. 1. Changes of induction period of rice bran oil
according to the concentration of methanol extracts of
rosemary, sage, oregano, ginger and thyme.
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Fig. 2. Changes of induction period of rice bran oil
according to the concentration of ethylacetate extracts of
rosemary, sage, oregano, ginger and thyme.
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Fig. 3. Changes of induction period of rice bran oil
according to the concentration of hexane extracts of

rosemary, sage, oregano, ginger and thyme.
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Table 3. Combined effects of hexane extract of rosemary with sage, oregano, ginger and thyme on the induction period

of rice bran oil determined by Rancimat

Spices” 200 ppm 500 ppm 1,000 ppm 1,500 ppm 2,000 ppm
RS 29.3%» 36.6 428 474 52.0
SG 252 270 29.1 314 339
OR 24.0 24.7 26.1 273 284
GN 23.8 243 250 255 254
TH 234 240 250 25.1 25.6
SG+RS 1:1 27.5(0y” 33.0(-0.05) 39.2(-0.07) 43.6(1.93) 46.4(-0.11)
1:2 28.4(+0.01) 34.6(-0.02) 40.5(-0.07) 43.8(-0.14) 48.0(-0.14)
1:3 29.5(+0.05) 35.5¢-0.02) 42.4(-0.01) 47.6(0) 47.9(-0.19)
OR+RS 1:1 26.3(0) 31.4¢-0.05) 36.6(-0.08) 40.8(-0.07) 44.4(-0.07)
1:2 29.5(-) 33.7(¢-) 40.1(0) 43.2(-0.06) 47.0(-0.08)
1:3 30.0(-) 34.4(-) 41.2(+0.01) 45.8(+0.01) 47.5(-0.11)
GN+RS 1:1 26.8(-) 31.4(-0.04) 37.3(-0.03) 41.5(-0.01) 46.0(+0.05)
1:2 28.2(-) 33.2(-) 40.5(+0.03) 44.2(0) 48.0(0)
1:3 28.9(-) 34.8(-) 41.9(+0.05) 45.8(+0.02) 49.5(0)
TH+RS 1:1 26.1(-) 30.0¢-0.09) 36.2(-0.07) 39.0(-0.06) 44.7(-0.01)
1:2 29.1(-) 33.0() 39.0(-0.15) 42.0(-0.09) 45.8(-0.09)
1:3 28.4(-) 34.4(-) 41.2(+0.03) 45.8(+0.03) 46.2(-0.13)

VRS =Rosemary, SG==Sage, OR =Oregano, GN = Ginger, TH=Thyme

9See foot note No.1 of Table 2.
¥See foot note No.2 of Table 2.

Y¥SG+RS(1 : 1, w/w, 200 ppm)=Sage 100 ppm+Rosemary 100 ppm

9Synergistic effect calculated from Economou's equation
£ gingersith.
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£ sl ASEAE 2AEEH.
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2 A8 T3} $58 rosemary-t saged M7
Aol MoK uEF A B} Sk
o], 8Ale} E3p7} R oregano, ginger, thymeZte] &
geollAe At T2} oslgdch

weld A E7e] EgelME Ak} B3l S5

g Ao =HERl ope) Ak AP F2 =
FellM =9} E Sl AAglol AEEAE EAH
g 4 A=

£ AY A3 gasde] e 3R 32859
Z) e NS FEsle] A FALE F
g galge] HrkHe FHE BRIl Ego, 3
el 23 A 43} AWl $5% rosemary?] H
7+ sage, oregano, ginger, thymes] f-£7]3ke] Ay
3] go] AR AL Asfep|nc gaksge] 7}
& rosemary?] Al ¥ AHelztn ARG =
& rosemary®c} i3} &3yl e 3AIBQD sage,
oregano, ginger, thymeS Egslo] A5EAE AR
Az ASEHE HRAY 5 ddd olH BELS
rosemary$} sage® WHEH-LZ AME xR JAls)
A3} AYr] dFelgic). 2 ] Eg o
2 AeF3E 2 78 Economou $2V2] A ]
S& Y ASESHE g8 e Ao A
Alsld}.

IPy-IP>(IP-IP)+H(IP,-IPC)
([PM' c)'(IP l‘IPc)'(lpz' c)>0
or IP/IP-IP/IPIP/IP+1>0
PF,-PF,-PF+1>0
IP,: 32515 28 &5l W7IRE A8 {73
IP,: 25 12 A7 89 =717
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IP;: 32E 2% A7h A28 =3
IP,: 3279 $-=7]7Hcontrol sample)
PF : ulo]elzK(protection factor)
= F25& ¥4 NEY FErETE
=717

1] Mella AAbg $x171 0 Zd a7}
Adx AHolx, (R} zew AEIrl gy Aeldt
Table 38} 271708 715232 8l $19 Ao wa}
AEEAZ A 243} SA+ROE 200 ppm F=A]
+synergisnre B0} 5=71 F71%bl| mel -synergism
& e E, OR+ROSt TH+ROE: 1,000 1,500
ppm 1:3 ¥]8olA +synergisme vt} rosemary?|
A7lape] ZFHE tsynergism® HERAZICE. GN+RO
o] A% 1:1 vH&A 2000ppme AYFnE
-synergisms M-ofut, 1:28} 1:3 H|EllME 1,0009
1,500 ppmAtolell  +synergism& Heo| 7] M=
rosemary®] H7}Fol F7144F +synergisme b
Zolgie}. A1 At} Halrl 353 rosemaryt
sage®] TS -synergisme] W=7} ZA viebudd
Table 49 F=7|7HE 71822 3t $19] Aol wi=}
1:1 ¥)golM ASEAE AARE A gingers} sage
o} E&& A|Ysla -synergismS YehASIEL $¢] 2
AE FABEo] 9 Aoz ANA HAEY =
3 4synergism® e 4 ke AL 2o
AolAut AsaFe} ¢ ofE At §
7A AR W gabEAle) R} 34 FAERe AE
el Egt T3] A DdES 4 A o
ehi Akl fiate) guco EsielSu o Hel
3 Ak E37) Qlokd ke Ukl WAk a5
7} A5 ¢¥ 4 9l @ekA Economou ¢!
o) AsES AARE 248 AFelM U -+synergism
S BgARt o) Asidely] B dAasde] 7
¥ rosemary®] 712 f2r)zbe] F7HE AolmE, ¥
A2} G371 e A gl AES 5 ASE
FHE FAEteof & o AlRFHU.

r22

Enl=Easy

Phenolic acid7} 3AHE HE Helvle B u®y}
Ao 19714 s 28] IesigE T A
FZ Table 5o el

Werd 3289 A% 801~17924 mghE- cassia
17,924 mg%, thyme 17,163 mg%, turmeric 16,969
mg%, rosemary 14492 mg% .27 W¥-E Fos ¥
o] o Ao A} BT 39 21} cassia,

Table 4. Combined effect of hexane extract of sage,
oregano, ginger and thyme on the induction period of
rice bran oil determined by Rancimat

Spices” 500 ppm 1,500 ppm
SG 2702 314
OR 24.7 273
GN 24.3 255
TH 240 25.1

OR+SG" 25.6(-0.05) 30.0(-0.03)

GN+SG 24.3(-0.08) 30.0(0)

TH+SG 25.0(-0.06) 28.9(-0.04)

GN+OR 23.8(-0.05) 25.2(-0.09)
TH+OR 23.6(-0.05) 25.6(-0.06)
TH+GN 23.1(-0.06) 24.3(-0.09)

DSee foot note No.1 of Table 3.

BSee foot note No.l of Table 2.

¥See foot note No.2 of Table 2.

YOR+SG(1: 1, w/w, 500 ppm = Oregano 250 ppm+Sage
250 ppm

9See foot note No.5 of Table 3.

Table 5. Total phenolic content of the curry spices
extracted by methanol, ethylacetate and hexane

(unit: mg%)
Curry spices Methanol Ethylacetate  Hexane
Black pepper 4,482 2,371 1,670
Cardamon 801 483 128
Cassia 17,924 13,150 244
Celery seed 4,769 478 126
Clove 3,545 1,354 360
Coriander 2,287 57 12
Cumin 1,015 137 73
Curry powder 4,902 1,972 394
Fennel 1,928 141 21
Fenugreek 1,488 187 19
Ginger 9,996 10,850 6,864
Laurel 12,849 2,641 264
Marjoram 11,648 5,304 306
Nutmeg 7,143 2,339 1,842
Oregano 11,471 13,893 1,483
Rosemary 14,492 9,241 6,246
Sage 9,853 4,757 3,510
Thyme 17,163 10,329 1,358
Turmeric 16,969 13,890 859

"Values are mean of triplications.

marjoram, laurel®] 739 FelE el w2 vl
aks Eae $4sta dstet

odetAdblo] E F&E2 7+ 57-13893 mg%E
oregano 13,893 mg%, trmeric 13,890 mg%, cassia
13,150 mg%, ginger 10,850 mg%, rosemary 9,241
mg%s AH o2 iy Yol & Jlavt ¥
Abs} B3t $43Hgich.

wAt 2289 7% 12~6,864 mg%Z ginger 6,864
mg%, rosemary 6,246 mg%, nutmeg 1,842 mg%,
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Table 6. Total tocopherol content in hexane extracts of
the rosemary, sage, oregano, ginger and thyme

(unit: mg%)
Spices Total tocopherol content
Rosemary 5711
Sage 1014.8
Oregano 3194.8
Ginger N.D.*
Thyme 187.0
*N.D.= Not Detected
black pepper 1,670mg%, oregano 1,483 mg%=.

rosemary, sage, oregano, ginger, thyme % ¥k
o] ¥ AR itz "yl Sl o) wwy
3t Ak Eote] ko] UXERAE gt o)
FAlse] gals} A3y} e egRoE 4 W
Aol 7108 A2 A= black peppers] 7
$ 1971 8F & sEgEel 53 Axo 1)
7 A EE} 2717k Btk

Rosemary, sage, oregano, ginger, thyme2| &|At
FEE0| EETHE B

Rosemary, sage, oregano, ginger, thyme2] ¥Ab &=
282 EFAE ¥FS Table 6ol ehigio
Oregano”} 3194.8 mg%= 7F #3920, sage 1014.8
mg%, rosemary 571.1mg%, thyme 187.0 mg%%L
gingerd|AME B3 Eo] Y%} Oreganod] H$ o-%
FH g0l 322mg% FT ¢EIHFo| 2872 mgh
E3HE #e] 953 ¥3hed ol: Lagourish
Boskou®7} 4F%59] oregano® AL 2 FE3led B
IHE F BHA BT B3 S| Wokthe Ag
o} 1819 Gingers} rosemary 2§ E25E ¢
go] 7b3 Wten] oreganod) rosemary T EFR
S $Fol 714 E9to). Rancimatd] #%717F Az
o} vlws] B oregano®} rosemary®] A, ginger
3} rosemary®] 2%, thyme?} rosemary2] 3ol u)3
Fakel B37) oFslgedl, ES e A o e
s} 7)Ao wie} kel &3l REelollz) AEAE
FHPE g)ge] TAY v} Q)T = oreganod] ¥
EFHET B3] e AR AEgd. =3 &
A& isomerd] FALE} AFoM - BIHE, vEX
&, sEFHE] A3} Ao} vyl - 1), o/d(1: 1),
S(1: 1)-EZH &2 A AAHE aqueous model
systemoll A Rancimat® Fr=7]7H- 4% Aa) A
EAE A 4 e 227 9le] rosemary,
sage, oregano, ginger®] A} FEE7Y] T ER
HE F3 FHe 8 AEAE VT 5 e

Ao} o] e K3

AEAZ 1971 8 Hrhg, odoHE, ¥
At 328 F rosemary, sage, oregano, ginger, thyme
o] Ak os $agen 1 3 rosemary HAb F
Z2°| 7P gt Ak ASE Jehid oeby
ik F2EF 5 sage, oregano, ginger, thymeo
rosemarys E¥8le ASEAE AWE H3) AeE
Heb7] Mo gAksiA el 4573 rosemary® Q1% o
A BEAYE o 4 Asion Ak XAyl 34 ¥
4 7L gingerdit.

2 o

7hell 2o DE039} 7hE (curry powdenyg viig}
<, oolHElo|E, Yatez F2slo] 58, A3}
a3}, WS, FEINE Y s W
&g, o=olAEo|E, dAte] F2 g2 77
6.4~429, 39~262, 1.6~292 %2 IAo| FolA4E
T&o] F7RIEH. PR 2 4ehE F2ES 1,500
ppm 71314 Rancimat2 F%7]7h8 S48 23 o
& 3% E> rosemary, sage, ginger, turmeric,
nutmeg 22§53, o dolrH|E FEEL
rosemary, sage, oregano, thyme, ginger®] <=o|$]l.2w
YAl 3252 rosemary, sage, oregano, ginger, thyme
<oldet. 1,500 ppmS )7l Hr}slel& W BHT
o f=7]73e] AA Jepd SR E IR 40 F
£5olM FFH22 rosemary, sage, ginger, oregano,
thymeo|1.2m o] ¥AEE 200, 500, 1,000, 1,500,
2,000 ppms FEZ wl7Me WM F RS &
A3t A3} rosemary$} sage= AP F2F 2,000 ppm
oA, gingers wehE F2EF 2,000 ppmolH 58
EHZ, oreganod} thymeZ ool E|o|E F:&-Eo
1,500 ppm3} 2,000 ppmellA 2 2jo] glo] 3 A
€ Yeblsdoh. Rosemary®] Edol we} gingers}
thyme®] A3t 37t =24 F713HE 4 4 e
v AsEAel] Bol= rosemary® Q1% F-E27]74e)
43 Bad e e v F2EL
17,924~801 mg%, NHolAEl¢|E F2E-L 13,893~57
mg%, Atk FEEL 6,864~12 mghol o 23
3t gAlst Bt XA Wi B & A
4 oregano’l 31948 mg%hE 71 EFULow, sage
1014.8 mg%, rosemary 571.1 mg%, thyme 187 mg%%]
I gingerdll A EFH Eo] FHEHA dgten ER
H &Y} Azt Eahs FEd RS $is
2 ket
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