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Comparison of Gingerols in Various Fractions and the Antioxidant
Effects of Supercritical Fluid Extracts from Ginger
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Abstract Ginger (Zingiber officinale Rosc.) is a well known edible plant that is traditionally used to treat various
illnesses related to inflammation and oxidative stress. Steam distillated ginger oil or water extract are mainly used for
related products; however, it is unclear whether these fractions contain most of the bioactive compounds or the highest
efficacy. This investigated the antioxidant effects of extracts prepared by supercritical fluid extraction (SFE). 6-Gingerol
was the most abundant component in hexane fraction of ethanol extract from ginger. The antioxidative properties of SFE
oil and Marc ethanol fractions were demonstrated using the 2,20-diphenylpicrylhydrazyl (DPPH) and 2,2'-azinobis 3-ethyl
benzothiazoline-6-sulfonic acid (ABTS) radicals scavenging assays. A clear correlation was observed between total
polyphenol contents and RC,, values in the Marc ethanol fraction. These results indicate that not only SFE oil but the
marc after SFE could be good sources for the food industry.
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TS BT

Mz ofEE FE2E M= %

2 AFA ARESE A7F (3 (Wanju, Korea)oll X EF
7 AL FYEeH, 4Colx] Baetax Agd] ARSIt
AR EEpolzsle] oF eHll(wiv)el 70% ek 18 Lell 244
ZF B9t AREt F 33 ¥ FEEST FEHL A3
(Whatman No. 3, Maidstone, England)E A}&8-3le] o =}s)az
rotary vacuum evaporator(UNI TRAP UT-1000, Eyela, Tokyo,
Japan)Z 55°CAlA] Y w58 & 54 71=xsto] 20°Co 2
ste] ARSI

T4 71z A7) dEE FEFELS n-hexane, chloroform
(CHC13) ethyl acetate(EtOAc) 2 butanol(BuOH)i s=2Ho 7 3
3] dHE FE3lo] 7 §upHE AFHCE 288 IR T2
')F%’d & water(H,0)2 2 22 rotary vacuum evaporator® 55

o

“CoA 7FsE sl A1L-aisr.

ZQH| F&EE M=(SFE Oil)

A A FE22 G 29A FEFZA(SFE SL,
Natex Prozesstechnologie GesmbH, Ternitz, Austria)S ©]-8-3} T}
e A BHAEE 4 FEE0 2kgS 2o WS &
= 35, 45 55°C, 2= ¥ 100, 200, 300, 400 bar, S/F
ratio(supercritical fluid kg/feed kg) 25-357FA|9] Ao 2 F&3}

=QA 8} FEE M=(Marc ethano)

ZUA FE& sl F2 FAED AT 9 A 108w/
V)8l AEE(70%) 7Fste] 24417k L Bt AAst 33] HHEste]
3H FEES rotary vacuum evaporator® 55°COlA] 7w
3]

= TH o
F 5 5 Azsle] AHgatat.

Gingerol % shogaol &

A7y FYE e 6—g1ngerol curcumin, 8-gingerol, 10-gin-
gerol, 6-shogaol 52| gingerol %2 HPLC(Jasco, Tokyo, Japan)
£ o|&3te BT stk 7&%3 Waters symmetry C-8 reversed
phase column(150x3.9mm, Cat. No. WATO 54235, Waters
Corp., Milford, MA, USA) ©]%5/3-2 methanol-water (46:35, v/
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B S Fsith AL tannic acid®] FHFEE7F 5, 10,
25, 75, 100 pyg/mLe] E=F slo] 99} 7+-& ¥ O Z 700 nmol|
}\1 —E‘%EE =4 o]'oq X_]—/Ké ]'/v\

£ Eefe0|E EE &3

% ZelEwol= FFEE Nieva 5262 Wl 2a] =331
o ZF Al 100 pLE 80% ek 900 uLeoll 3¢k £ 100 uL
S #H3l 10% aluminum nitrate 20 pL2} 1 M potassium ace-
tate 20 UL, 80% OEHS 860 pLE Tgste] A-2oA) 40%7F vt
| & F 415mmeld FBEE SG3I%) o] W ¥ FofEx
]1: -d—ak__ quercetl .% ;g %kg].oq Z]T—/xé%]— _LZ:JI i ogx Eﬂ -d—ak

& e

ﬂll

O>4|

DPPH radical 27{&4

A59] free radical 2271842 stable radical?] 2,20-diphenylpi-
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icale ©] 83t &4tsle =42 ABTS cation decolorization assay
H28)ol 98] A3t 7mM ABTSSF 245mM potassium
persulfateS HFFEZ 12 EFske] A2 bAoA 2447
B9 WA|sle] ABTS radicale JAAI7IZ 732 nmollA] 3%
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3)4ale] ALEalgITh. BA1E Al 990 Lol ABTS radical 10 ul.
E ¥ 1E 5 A & 1B2melA FHEE S
Z} N8 FEEY 78 Sud AL ’\] BEE HrlskA] &
& tﬂzw‘%ﬂ U%Eé 122 &A=t 287 ARe] w9l
olw EAH|LE 9|5t TroloxE AHE-

ZA3+= SPSS(Version 18.0, Chicago, IL, USA)
FAZZIBE olgste] ek, 2t YA Bitw HEA
2= ek, 257 RS 915k one-way ANOVAS} Student’s
ttests AAISIA O™, TAA fFolFEe a=0.052 gt



A7} B-219] gingerols ¥4

Table 1. Extraction yields of ginger ethanol extract and its
various fractions
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Table 3. Content of ginger compounds in extract and its
fractions

Sample Yields (%)*
EtOH 2.67
n-Hexane 0.04
CHCI, 0.10
EtOAc 0.02
BuOH 0.83
H,0 0.17
Total 3.83

*Percentage of dried weight from each fraction to initial sample
weight

Table 2. Extraction yields of SFE oil and Marc EtOHs from
ginger

Yields (%)
Temperature (°C)  Pressure (bar) -
SFE Oil Marc EtOH
100 1.9 16
15 200 2.1 10
300 2.4 10
400 2.7 10
100 1.5 12
A5 200 24 10
300 2.7 8
400 2.8 10
100 1.1 8
55 200 2.4 10
300 29 8
400 3.0 6
4ot nE
A oElE FES ASH =& ¥ =UAH FE29| T2
A7 g FE2EF S0 thE 89l n-hexane, CHCL,
EtOAc % BuOHZ b #8¢] 82 Hx A7 A& vt

% £8S ANEIIT Table 19] UERD A3} 7220], 32ke?]
A AFE ek F& 3 A9, 2.67%(85.32 )2 &S vER
o, FEFolM= BuOHZ 0.83%(26.40 g), H,0% 0.17%(5.43
g), CHCLZ 0.10%(3.32 g), n-hexaneZ 0.04%(1.25g), EtOAcT
0.02%(0.50 )] <=0 & BuOHZoIA 7PF =4 Yebgth &3
A7 297 FEL 8 A9 218 HES] $I8lH 35, 45,
55°Ce] &8} 100, 200, 300, 400 bare] ¢ ZZlA ZUA
FE3 A, 29A LA v oekE FFE(Supercritical Fluid
Extraction oil: SFE oil, EtOH extract of SFE marc: Marc
EtOH)®] 8&-& SFE oildX= Z7ke] &=oA qkgo] Eobd
TFE 8ol SN e oA v & s 229
Fee FlsA YelR] gisktl. Marc EtOHOA = SFE oilol
Mo} o] o] TS BEA] ¢ ¢FEo] vloldpE g0

TE ]
Z7keke 2L HIATHTable 2)

o
A7) F8AAEeE g
6-shogaol M4 AJH<

E3}7] ¢3sled, EtOH

6-gingerol, 8-gingerol, 10-gingerol,
curcumin®] E3o| w= SIS A

I 2 282l n-hexane, CHCL,

o
iy
i

Content (%)
Sample
6-gingerol curcumin 6-shogaol 8-gingerol 10-gingerol

EtOH 1.67 0.15 0.12 0.3 0.19
n-Hexane  24.97 0.9 3.54 6.23 476
CHCI, 3.74 1.49 0.14 0.37 0.23
EtOAc 0.46 N.D." 0.02 N.D. N.D.
BuOH N.D. N.D. N.D. N.D. N.D.

H,0 N.D. N.D. N.D. N.D. N.D.

UN.D.: not detected

Table 4. Content of total polyphenols and flavonoids in ethanol
extract and its fractions from ginger

Total polyphenols”  Total flavonoids®

Sample (ug/mg) (ug/mg)
EtOH 58.16+13.84% 1.76+0.97
n-Hexane 228.87+34.19 ™
CHCI, 49.97+3.68 T
EtOAc 23.10+0.94 T
BuOH 8.34+1.53 T
H,0 40.46+5.54 T

YMicrograms of total polyphenol content/mg plants based on tannic
acid as standard.

IMicrograms of total flavonoid content/mg plants based on quercetin
as standard.

YEach value is meantSD (n>3).

T trace amount

EtOAc, BuOH 2 H,0%$ HPLCE H-4I3}o]
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fo] 47} EtOH F&E 3 3¢ Egvs, Fgnxols
=4 Ade EhE %S BOH FEE°] 58.16 ug/mg
o2 Jehgton 23o|ME n-hexaneZollr 228.87 ug/mge 2 7}
e E9E FHS Evh EoiRxol= ke EtOH &
ZE004 176 pgmgl & vehgew vwA] EoMe F9] v
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Table 5. Content of total polyphenols and flavonoids in Marc
EtOHs from ginger

Table 6. Scavenging effects of ethanol extract and its fractions
from ginger against DPPH and ABTS radicals

Temperature ~ Pressure  Total polyphenols”  Total flavonoids® Sample DPPH RC,," ABTS RC,,”

O (bar) (ng/mg) (ng/mg) (ng/mL) (ng/mL)
100 48.59+14.12Y 7.54£1.49 EtOH 43.95+3.07° 74.16+£3.25
200 45.26+3.39 6.71+1.17 n-Hexane 89.08+14.99 10.82+6.94

35 300 46.04+1.85 7.19+0.18 CHCI, 896.85+70.40 86.28+3.06
400 45.64+1.88 7.62£1.09 EtOAc 10.99+4.89 145.92+31.59
100 67.2442 .30 6.13+:0.31 BuOH 190.79+27.04 79.71£5.05
200 51.3245.68° 6.45+1.34 H,0 54.80+4.23 118.70+0.86

3 300 49.09+3.64° 8.90+137° BHA 4.23+0.06 N.A.
400 47.17£11.72° 7.69+0.07° Trolox NA. 7.09:021
100 84.8442.77¢ 6.53+0.34 UConcentration required for 50% reduction of DPPH at 30 min after
200 47.44+1.98" 7.15£1.42 Siaring the reaction o ; ;

55 oncentration r@qmred for 50% reduction of ABTS at 1 min after
300 45.59+6.24° 7.14+0.06° starting the reaction
400 42.66+5.04° 7964127 9Each value is meantSD (n>3); N.A., not applicable

YMicrograms of total polyphenol content/mg plants based on tannic
acid as standard.

IMicrograms of total flavonoid content/mg plants based on quercetin
as standard.

JEach value is mean+SD (n>3).

#p<0.05 compare to 45°C 100 bar

<0.05 compare to 55°C 100 bar

°p<0.05 (55°C vs. 35°C, 45°C at 100 bar)

Zg R ol 3 =4 A= Table 59 72th AA 25 7+
FolFel zols giloH, Eejuls kel oish 2w qfg o]
VS Wlwgk A, 45°Ce 55°CoIA 242t 100 barellA o] Fe
I vlaL ARt folHow it ETtE o= e A
e veiiien, g Skt vdEsAE skt B3 e qf

)=
oA =0 FEFE vwg 23, Hs TS 100 bard
AT 2% g vt fo)H oz FUlsle, 35, 45
2 55°ColA] ZFz} 48,59, 67.24, 84.84 ng/mgl & UEITH o] 4
F2HE A7 Bk A, Es AR dEo] Hi 2&vt
ESTE ARHoR &EHE As & F vk ole A% SFE

oil F& Al 9ol gFEo] U= EgdE dEo] e 4
A FE38] £EFA &2 AolgL & 4 9em, SFE oile] F
Z F8°] 55°C 100 bardllA] 7P w22 A AAE & Ao
Z AzZtEh T3 Mare EtOHS] ZElR ol e 2 F&
& 9 280 vwst] A welA 27 =4 JEh oY F
Z Tl FefRrolE FEo| &ol3 Heg & T Uy, F=
20 ME fFolZH Aol gl

Cha 5(33)2 ol&r2E &3} oregano, sage, pepperd] =]
S 2Aale] 717} 32,1208, 314404, 167405 pgmgO.2
HI3IEo™, Kim 534)2 34, & 2 29 Zajus 3t
o] Z}z} 22.6, 7.5, 37.9 pg/mgelEtal BBIGich whEkA o] Azt
o MwE w E A7o] AHE A7 EOH FEE3 Marc
EtOH®| Z&j¥& o] ml$ 38 & + Aok

g
1:1

DPPH radical £7{&

DPPHE H& AAS He= Hlwd QI3 free radical 24
2SHA|, W olRIRF Sl o3 FAEo] Mol GAE =),
A et AAXAZRE it 248 AAsk=d Bol
|53 UTH3Y).

Table 60|42} 7Ho] A7; EtOH FEEL EtOAcES A3
02 28 Hg] =2 &AEdS B3 Ghasemzadeh 5(36)

o 0 o

o

A7rE WEgEZ F%E3t DPPH radical 2AEY S 4
A e FEE0] W FEERT isteo] =2 S
v control 1 HeH2-2 100%2 & wj, DPPH rad-
ical& 50% 278 FE RC;S EtOACEC] 10.99+4.89 ug/mL
2 EtOH F=% 48.89+831 ug/mLell vja] £& £7%5S Bt

SHH, SFE oil®] DPPH radical 24842 28 o] 93
< vwgk A3, 35°CME A8 2ol fllen, 45°C2k
55°CelA 48 F7tell whE AAZA] KAl S/ UER
th S, e oA L= Fvbe] wE B foHd F
7he UERIA] 99kt SFE oil?] RC,, w8 vlwdS w, 45°C,
300 barel Al 0.09+0.03 pg/mLE TS 2%8} ¢F=of| Ha) 547}

7P Z9kt) o] 45°C, 300 barrt RS FREA TR

}@7}0 s A= 7};(]— 243l &cg]_ Ol—Eﬂo]a].j__ }\gﬁ‘Q_u}(Flg.
1). Marc EtOH®] DPPH radical &~A 5% 45°C} 55°CollA zHzt
o] ¢r#e] QPFFS B A 100 barolA e 2ASH Hlwste] f
ooz ZrIslith dHH, 100 bar 35, 45 2 55°CllA 2] RC,,
zkol ZH2h 5520+22.11, 30.67+6.13, 22.87+3.02 pg/mLE VFERES.
U e Gl 5 FUlel mE 249 foARl Fte v
EhA] stttk Li 5372 slgaFe #ud aATE A8
o] RC,, WS 29200 pgmLE Bslom, ahaksl A% ot}
radical 2718 3}e] FAE ¥ ZgiHE gkl vl#E|Sle] radical
A0 TV AE B 4 Ut ©] F Marc EtOH 55°C,
100 baroll X 7FE =& AAGS B Zlvs I dxs
Aol US YEPNATHFig. 2).

ABTS radical 27{&4

ABTS®} potassium persulfateS 4ol ¥X|3PH ABTS anion©]
e FEE9 s o8] ABTS anion] 427 = o]
radical 5] A1 F=Ao] DA} o]} ZFo] ABTS anion
gagkg-2o oju] MAE free radicale] AA =S FF= H
2 Yehlo] ABTS radical®] &84S 245k WHOZ ABTS
anion EAREEo] 12 ¢t FRHBRE A7 ZHD 5 3
3, &5 F 1P B A8 7Fssith(34).

ABTS radlcal A2AGAHE vw A3 Ay A7 EtOH =
E3 238 T nhexaneF©] 10.82£6.94 uygmLE 7 =& &7
4L vehlo] iz Trolox(RC,=7.0940.21 pg/mL)E.t}h #
oftt 242 HATHTable 6). A7 SFE oil& 55°CoIA] 100 bar
<} H]_u_o]-oﬂ 200, 300, 400 barollA F=3F 7-$- ABTS =z
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Fig. 1. RC,, values of SFE oils from ginger against DPPH (A)
and ABTS (B) radicals. SFE oils were obtained as described in
‘Materials and Methods’. RC,, values are the concentrations
required for 50% reduction of DPPH or ABTS radicals. a, e, p<0.05
(200, 300, 400 bar vs. 100 bar at 45°C); b, p<0.05 (200 vs. 100 bar,
300 vs. 200 bar, 400 vs. 300 bar at 45°C); c, f, p<0.05 (200, 300, 400
bar vs. 100 bar at 55°C); d, p<0.05 (200 vs. 100 bar, 300 vs. 200 bar,
400 vs. 300 bar at 55°C).

a7l fFeHew Eho, e
2449 TR Sk e
ug/mLye}t ¥laws) B SFE oilolA 10-188) W& RC,, 7k

PN 2 ZTlel| w2
2434}, Trolox(RCy;=6.12+2.06

e

W thzwl Troloxell HIs -5k tslss zhe S &
ATHFig. 1). A7 Marc EtOHOIM= 4= e] S71el vl#ste] 4
7eol fFelHoR asiglon, 100 bard] 27100M= 2= 4

FE HlgEle] 27%0] 2718kt Fig. 2). £3] 55°C 100 bar
MM 7Y =2 &GS YERY], 50°C 100 barollX 2

F& A7)k do] DPPHS} ABTSS| &x7o] axzel Z& &
AATE. o]E Table 59 Zgj#E ko] 55°C 100 barold 7}
} =2 A x5k A3=, A% gl FRsA e 22
ARl F 7HA 9 el tste] 3 AATA
3 A v B uf A
o} vwd gl

A
ot 1
T

(=) (]

L |
B AfdlAe A% des F2E9 S0 o & 29
Arste] Aol F8AE on, 24 F= GA

ztzte] & EEdE
radical 2AGH S S438te] FAiksl B8 vl AAE8

a7 AL 6-gingerol®] o] Mg =4S
™, n-hexaneZoll &F 25% EAI3FS] 6-shogaol KT} 78] o] =

oo
ox
Mo
ofy
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0100 D200 D300 W400(bar) BBHA
b

c
cd §

RCyq value (pg/mlL)

35 45

55

0100 0200 §300 W400 (bar) BTrolox

RCyq value (ng/mL)

35 45

Temperature (°C)

th
V]

Fig. 2. RC,, values of Marc EtOHs from ginger against DPPH
(A) and ABTS (B) radicals. Marc EtOHs were obtained as
described in ‘Materials and Methods’. RC,, values are the
concentrations required for 50% reduction of DPPH or ABTS
radicals. a, g, p < 0.05 (200, 300, 400 bar vs. 100 bar at 45°C); b, h,
p<0.05 (200 vs. 100 bar, 300 vs. 200 bar, 400 vs. 300 bar at 45°C); c,
i, p<0.05 (200, 300, 400 bar vs. 100 bar at 55°C); d, j. p<0.05 (200
vs. 100 bar, 300 vs. 200 bar, 400 vs. 300 bar at 55°C); e, p<0.05 (200,
300, 400 bar vs. 100 bar at 35°C); f, p<0.05 (200 vs. 100 bar, 300 vs.
200 bar, 400 vs. 300 bar at 35°C).
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