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Abstract

Garlic (Allium sativumn L.) and traditional herb has several functional properties and strong biological activities,
making it useful as a functional food material. We investigated the antioxidant and anti-inflammatory activity of
mixed compounds from red garlic and supplementary materials, including ginger (Zingiber officinale Roscoe), doraji
(Platycodon grandiflorum), quince (Chaenomeles sinensis), citrus peel (Citri Pericarpium), and mint (Mentha arvensis).
The extracts were prepared with water (W) and ethanol (E) at 70C (W-70, E-70) and 95°C (W-95, E-95) for
3 h. The total content of phenolic compounds was the highest in E-70 (608.60 mg/100 g). Alliin, one of the active
ingredients in red garlic, was contained at 1.18-1.29 mg/g and 0.81-0.85 mg/g in water and ethanol extract, respectively.
Another active ingredient of red garlic, S-allyl-cysteine (SAC) had higher content in the water extract than in the
ethanol extracts. DPPH radical scavenging activity was higher in E-70 (15.96-73.65%) at 313-5,000 ng/mL. ABTS
radical scavenging activity was also higher in E-70 (5.71-77.19%) than in the others. The ROS production rate
showed the same tendency as the NO production, with more efficacy in E-95. The expression level of iNOS and
IL-183 was decreased in the E-95 significantly at the concentration of 1,000 yg/mL compared to the lipopolysaccharide
(LPS) treated group. Based on the above results, the antioxidative and anti-inflammatory activities of the extracts
of red garlic and supplementary materials were expressed by different useful substances. The contents of these
useful substances were different according to the extraction solvent and temperature.
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st AA S SHAZITHS). vhs] tde B8-S
A= F-gtt], ASEhg-lA 2l
oxide(NO)= THFeh A 8k2 frdsto] 55 AlshAa Al
29} ZAENE doA v A5As 2 A AgdgE
LA 7=, 7] mhs FEEC] A3t vt &
2 ) om(6), vE9] allicin2 transforming growth factor
(TGF)-B1, interleukin(IL)-10, IL-10RS] &S Z7}A]17]H
(7), B3E A5 HepG2 Al E2] DNA €45 Hostn
(8) AAFRIA} nuclear factor-erythroid 2-related factor 2(Nrf2)
o] @S ot Akstd ~Ed e tigkste] AE
redox(reduction-oxidation) &S FX|sl= 4k} A<l
heme oxygenase-1(HO-1) 52| $71& f=3l=tl, 53] v}
5 FZE F diallyl sulfide(DAS)7} Nif2 2! MAPK 2] 24
715l HO-19] & & fedths A2 27 ATho).
< 0] nhE9] wjeutd WAlE AaAA AHAE &
olatA g} FAll 715 TR ks 7HEEe] Tk
sHAl EA1E 1 =], vheS GA et Az Snks
27t 34 T de sEE 2 A4uEd 5 AR R0
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o} Znlse] 3 FEES AxFel o
£ gejet £ ol gt FEAE R 3
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2 Ao ALg-gE Suls2 (A Fslrked A F
=3l £3](10-1178592, 2012.08.24) WH o2 80 Col|A] 24
AIZE 12} s A Bl £ Aol A 38 slsste] 60-80Tel
Al 58-60417F Bt SAAAIA AlZBATE Al wdx
e B S50l e &A1 A7 (ginger, Zngiber
officinale Roscoe), =2} (doraji, Platycodon grandiflorum),
3} (quince, Chaenomeles sinensis), % 3 (Citrus peel, Citri
Pericarpium) 2 B}SHMint, Mentha arvensis)S X131 2
] o] 5& XFAl Al gk Zul el Feiste] AMES

Atk

ANE2 M=

710 goll &3 ogreS 742t 90 mLE 7} zaya
FZ2E Ax2E AR AR on SulEd A2

A
& A57F 349 A8 242t FE-&vll(water, ethanol)

< 718ke] 70T} 95Tl A 3413t B9k FE3F & of7}A]
(No. 2, Advantec, Tokyo, Japan) @ ©]2}3} of o} S A& of

g5t

acid®} ¥Hg-ato] A Vel = Y2l Foiln-Denis %3
st A8 1 mLol Foline-
Ciocalteau A] 2F(Sigma-Aldrich Co., St. Louis, MO, USA)
2 10% NaCO; £ (Daejung, Siheung, Gyenggi, Korea)<
Zh 1 mLA a2 74 ohs ARl A 1A13E F A e 3
F-333 = A (Libra S 35, Biochrom, Cambridge, England) =
760 nmoA FREE ST ETEARZ gallic
acid(Sigma-Aldrich Co.)E AH&-8to] AlH9} SLe WPe
2 B3l] e ARdeziy F e el &9
AFstai ot

Alliin & S-allyl cysteine(SAC) &zF &3

Alliin 382 A& 0.45 um syringe filter2 o] 2}3}0]
HPLC-DAD(Agilent 1260 infinity, Agilent, Santa Clara, CA,
USA)ZE #4319t £418 242 syncronis Cis(3%150
mm, 5 ym, Thermo scientific, Waltham, MA, USA)S- A}-&-3}
a1, o] 54 A2 20 mM Na,HPO,9} 10 mM sodium
1-heptanesulfonate &5 93] I4EC 2 pH 2022
ZA3s9 o, B2 methanol:waterS 80:20(v/v)<] H]
£ EFET LB ol §3jo] pH 3002 24 STk

£5E 04 mLminC. 2 3}a1, AN BEAS
AlZtol mhet 23H S deletiA EMsiar Y &
FY L 10 L2 d1oH, UV A&7 =
=3k TH14).

SAC &2 A|EE 022 um syringe filter2 ] 2}3}
HPLC-PDA-MS/MS(TSQ Quantum LC-MS/MS, Thermo
scientific, Waltham, MA, USA)Z £A13}]t}. #4-8 24
< Agilent Zorbax SB-Ci3(4.6x250 mm, 5 im)S AF&-3}3]
11, 0] &7l positive modeell 4] ©]EF A0.1% formic
acid containing water)$} B(0.1% formic acid containing
acetonitrile)= A|7tel] whe} S3H]&-S delshiA] EAst
At oledel £== 0.7 mlymin, A& FUF 10 1L,

]
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sotE 2y &
DPPH(1,1-Diphenyl-2-picrylhydrazyl) 2t]Z 27
& DPPHel| gk Hxtgo] 24402 Yepd 210 = A
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RAW264.7 tHA Mz SAof cist MEZSA

Aol AHEE nhg-220] A A ZF20 RAW264.7 A £
= A £33 (KCLB, Korea)ol| 4] kgt om, AlE
HjFS 913l 10% fetal bovine serum(FBS)Z} 1% penicillin-
streptomycine ¥ 3= dulbecco’s modified eagle’s medium
(DMEM) HjX| & AF&-3F$th Al Z= CO; incubator(37 C,
5% COyellA vlkstion F=&9] Az tigh 54
5742 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium
bromide(MTT) SHAWE S o] &t SH A AXE
96 well-plateol] welld 510707} ¥ &2 EFala 244 7F
F2RNZ &, FE2E5S 7] 483 22 345 A
o) A g the 302 T 1 pgml 559 lipopolysaccharide
(LPS, Sigma-Aldrich Co.)& #2]3}o] 24A|7F F<t vl efs})
Atk o] F AlBE EFsH= WA E A AS F serum-free
Hj 2] 2k 5 mg/mL F&=2] MTT &< 37}ste] 37°ColA]
2412 o Wi k3t tf2 DMSOE #5319 sonicationd} il
1023t wRkE 5 570 nmel| X F3=S S A2dEE
= Tt AEAYEES FA ol e HEER

ERA AT

RAW264.7 tiAM=Z 2| nitric oxide(NO) MAMEg =
S|

m}9-2s A A RAW264.72 5%10° celljwell®] EE=
24-well platec]] -F3}o] 24A| 7t w3t & Zhzte] 225
= FEEE A3t o3& 30 wigst Foll LPS(1
ng/mL)E A 2lste] 20413 = 24A13F kgl
FeNE Bttt 35 A wig Fed S YR
2](1,000 rpm, 10 min, 4C) & U3, 50 uLEe 3l
sulfanilamide solution 50 L9} &3 slo] 587+ WS xjeha}
3 ¥Hg-A1Z1 2 NED solution 50 uLe} E§35t0] 72 A

A243A A3Z (2017)

1057+ ¥H-3-A]A, ELISA reader(Epoch, Bioteck, Winooski,
VT, USA)E ©| &3} 540 nmol|A] T F =S =339,
LPS A Aol tigh &l A e&= Yehi ek

DCFH-DAol <2|st intracellular reactive oxygen
species(ROS) &3

FZE9] intracellular ROS &% intracellular ROS
assay kit(Cell Biolabs, INC, San Diego, CA, USA)< ©]-&-3}
o] 2733tk 96 well black plate] 5x10* cell/well®]
RAW264.7 cell e &31] H]%F g - serum free DMEM
WA 2 R Th A AIEE 24417 v et & A5
sERE At 37T, 5% CO, 220l 24417t w3t
k. PBSpH @ 74HE 33  AFd %
dichloro-dihydro-fluorescein diacetate(DCFH-DA)E Hl|A] o]
100 uL 7}k 37T, 5% COoll A 1A13F B3t & =
THA] PBSE 33] Ao Wth Lysis buffer 100 iLE 3 71381
Z3}13t & fluorescence microplate reader(Perkin-Elmer Inc.,
Waltham, MA, USA)S ©|&3}o] excitation 485 nm,
emisssion 535 nmol|A| @3S S 3ste] FAE Y 2T
o] thgk ROS A= Blaste] Al o= Yehld
=3

mRNA chiE ghszt £3

% RNAE RAW264.7 A E(1.0x10° cells/mL) S 244 7t
Hjeksl i theFel e 2 A" FEEE3 LPS( g/mL)
£ FA] Aelste] A|IZHEE viek 3 3 TRI Reagent(MRC
Inc., Cincinnati, OH, USA)E ©]-8-3l] 2|3} th A Eef
TRI-reagentE H7}sle] #2433t & F2EXES A7}
ato] €4+22](10,000 rpm, 10 min) SIATE FS-Hell &
o] ol AZ 2SS HUste] YAE-2] (10,000 rpm, 8 min)
ste] RNAE HHA71 75%<] diethyl pyrocarbonate
(DEPC) A2 ¥ oeh&E= AlH gt & 13| DEPC 2]
H SRl 53k 260 nme] FHEE S35t RNAE
3 25+ 3L, A260/A280 nme] H]&o] 1.7-1.9 HY W2
#= 2= RNAE A3 AH&eisith 2e A8S
RNase-free$t 2713}l A] o] Foix T},

cDNA 3J2 RNA to cDNA EcoDry premix(Clontech,
Mountain View, CA, USA)E ©|-€3}31 1, 1 1g2] total RNA
£ oligo(dT) 18 primer, deoxy-nucleotide tri-phosphate
(dNTP, 0.5 M), 1 unit RNase inhibitor 12|31l reverse
transcriptase(2 Unit)7} 414 91+ premix©l] 232 70°Col| A
53, 37°CellA] 53, 37°CollA] 603, Z12]a1 70CollA] 1083t
7tgAI o 24 REEE FAAIZITE. Polymerase chain
reaction(PCR)2 34 ¥ cDNAZH-E iNOS, COX-2, TNF-,
IL-1B8 B Bacting F%A1717] #1511 2 L cDNA, 4 1M
5> 3} 3* primer, 10xbuffer(10 mM Tris-HCI, pH 8.3, 50 mM
KCl, 0.1% Triton X-100), 250 uyM dNTP, 25 mM MgCl,,
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1 unit Taq polymerase(Promega, Madison, WI, USA)E 4] 1L
SHFE HF 25 ILE 9E TS C1000 Thermal Cycler
(Bio-Rad, Hercules, CA, USA)E ©|-&-3lo] PCRS A 615)
o} ojuwf PCR 2712 94C 30%, 55T 30%, 72T 40%,
35 cyclec]™, PCRel| 2Jsle] AAdE 4HE2 RedSafe
(INtRON Biotech., Sungnam, Korea)S ¥ 1.2% agarose
gelol A 71952 AAlste] 5% bands ZRlsH3ith

SAIXz2|

RE 252 33| o]k ukE AA|GI o A% o 2 HE]
A& Ayl= IBM SPSS Statistics 18(IBM, Armonk, NY,
USA)& AH&-ste] A0t Ade A8vd 3T
AR FASIA A, SAA o4 A2 x| 4k
-] (one-way analysis of variance)= 3+ - p<0.055-=°l| 4]
Duncan’s multiple range test 2 T-testS A3} Th

Z ©Hz st g

Zoisa AN E 55 EFES FE38 4 2=
ge)ste] FE3 F Jﬂ%:_% 33 S 243 Age
Table 17} 2t} 2t 55 29 F 9= 33E2 E-700]
608.60 mg/100 g.‘ii %L THE O & E-959|4 535.40
mg/100 golAth. B2 &3 W-70-2 449.15 mg/100 g,
W-95% 437.63 mg/100 g© 2 A 87k = golZol 2jo)
7 it FE559] F de e B 55 v
Neke FEEA o =A AL 95T F2A1 Hls)
70ColA =& o] 1 ol o =UTh

Kwon} Park(17)¢] B o] 2 on|z} 24 & F

ZEo v dEgE FEEAA F ¥ d3E] gl
g =9tm, el ¥ FEEL BEROE oA 4
B s sgEe] FEHE 2R A et
(18), ¥ AHoM = & FFE Hupe d&E FE2E590A4]

=
=

=
]

% = SHE el o Eol AR 74 gkol Tt gk
FZzowd W AdA7} 95THT) 70TCAA FZ319S
) & ¥E 33Ee] gigo] o =3k, ol& <4t 85T

Table 1. Total polyphenol content of red garlic-supplementary
materials extracted by using water and ethanol at 70°C and 95C

Samples” Total polyphenol contents (mg/100 g)
E70 608.60+7.18™
E95 535.40+7.00"
W-70 449.15414.92"
W-95 437.6345.07"

PE-70, extracted by ethanol at 70°C; E-95, extracted by ethanol at 95C; W-70,
extracted by water at 70°C; W-95, extracted by water at 95°C.
Each value represents meantSD (n=3).

"Means with different superscript in the same column are significantly different
at p<0.05.
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9} 95T E FE3F A 8ol AAxAlelES] & s
ol 2}

A3} 85Tl FZ58 1) 235 mggo 2 T &
3L 3 Park 5(19)e] Hae} AR A ge] AT

Alliin % SAC gzt
A5 Aol e TrE SHAE T vy T

7321 allin?} SAC S 578 ¢+ ZFH(Table 2) alliin 3
FEeol WE A Folate fislen F=8u)
wpe} ko] 7b Atk = W-709] alliin 332 1.29 mg/g
0123 W95l A= 1.18 mg/gl @ F Al 87l = fo3t
7} gl oy} ek 2 =53 E-70(0.81 mg/g)ell HlhA &=
ooz w2 ot SAC E3t alliine] k2
T4 AFo R e FEE< E-70% B-950A A7

1.529} 1.98 mg/go] & =@ whal W-702F W-959) A =
74 7} 2.603} 2.34 mg/gC & T ?ﬂ%l =%

Allin& Arks Fo EAlstes 731 784 & &
ofH|iAto 2 Afnfsol ﬂfﬂﬂﬂd ks Foll EAske
S-allyl-L-cysteine sulfoxide lyase(alliinase)°l| 2]5t] S-Prop-
2-en-1-yl prop-2-ene-1-sulfinothioate(allicin) .2 H 3}A] 7t
(20) alliinase”} 24 5} = 31-2w) Oﬂ = alliin® 24 3teko]
FAEH, Dol Al Pt Fsmts, Svks B 24
o rhsolAE EAeH©21), B, ixl?ﬂz i, A,
gitsl G E Zte oz dEA dvkR2).

Lee HS 5232 84 F24313=<1 SACE Ark=ol
X9l a1 &gko] 30 ppm7§ ol A mlsdAlE &4

109 2 1590) Z+7} 952 ppm, 1,140 ppm o &2 Z7}gcta
Ha3ith & Ao AEE SACE 4244 S AR
Frbsare fese] o o] or, B 2%
Ho} &olsiA FEES & F Utk

_I[)l
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Table 2. Alliin and SAC content of red garlic-supplementary
materials extracted by using water and ethanol at 70C and 95C

(mg/g)
Samples” Alliin SAC
E-70 0.810.13" 1.52+0.20°
E-95 0.8540.11° 1.9840.15"
W-70 1.29£0.09° 2.60£0.32°
W95 1.18+0,03" 2.3420,08"

PE-70, extracted by ethanol at 70°C; E-95, extracted by ethanol at 95°C; W-70,
extracted by water at 70C; W-95, extracted by water at 95°C.
Bach value represents meantSD (n=3).

¥Means with different superscript in the same column are significantly different
at p<0.05.
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oA 8.40-62.56%= LAl =UHh & FEE
4744%°] W2 olghE FEE Hrd Ao LStk
pg/mL FEoA DPPH 2jt]Z &7 2442 70Tl
g Al ES AS B FEE2673%)° vl oleE 5
(5295%)°] &7do] 2l o] ol gid AL
25 Hohe FE8ud wel A 2kl 7b AT
FZ8vlo ME ol2 Yo} FEE2] A ddS vl
2 A3 d4FEE0] 7 4.9947.78% = 7}?4 o ghA
Yelfileon, 50% olgre 2 50% WEgE FE80
ZY7} 796-70.01% 2 8.90-6921% % FrolH o g =& A
= UYEhiU e Park 5(24)9 Hile & A9 A3}
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43 Aol FEEE G T FEEQ
DPPH 2tz 4A %——8— E3Z250] 8667%% EAo] 7

=% o2 of|ehe FEEY vk FEES FoAt
7h gl e opAlE % o] 7723% % o] 71 sk

the H3025)% g, o5 ARz RE gz 2484
% —%“%%—UHA 05]632% H]—Ou:] o]‘—— zz OJE'.‘/] %/\éoﬂ
whe} $25= §EAR0| A& Aolshy] Wiroa =X
o,

ABTS 27 27848 E-700014 5.71-77.19% = 7V
=9k 5000 pg/mLe] F=oA E-95& 55.33%, W-95
2 W-70-2 42487} 37.10% %12 DPPH itz &A 24
7 T ZA3Folqdnt oA H %%ﬁuﬁ 2o wat
E}W‘ DA Ao)7t e AL FEx0 uet 8=

= FEA ] AR Aol Wi s AyzHr

Kwon 5(26)°] FZ&ulo] u}& vjgdZ FEE9| gt
3} Sl Al oJshA ABTS gz 74%}‘3«] 785
0.5 mg/mLe] FE A HEE FE5F0] 84.83%, &

A243A A3Z (2017)

FZ50] 75.79%, & FE50] 6001%@‘—%131 ol& HeE
F220] ZodE FFe e, e, & FEEA
747} 293.25 mglg, 261.27 mg/g L 197.28 mg/g - & A}o]7}
271 wiolgbal Baso] glrt

DPPHS} ABTS 2t 2AZH L & Zelvs 3%
o] grkat Fo] AHAAAE e =H27), 2 AT E

B FEEHY oEE FEEA = E\:/]Jﬂ&_ ko]
182-262% t©] =91 ghodt AAEA] 3 ek
oA o =3

MEZSM 9 NO Mol chst A &

RAW264.7 Al Xl Erbs B3 = é%% F5=H(0, 120
250, 500 2 1,000 pg/mL) 2 24417t &
1), 1,000 pg/mL F=7HA] o] BE *Lﬂﬂ/ﬂ AEEE U=
o H] 94 e WSS JERiA] &5k

NOE A A el A nitric oxide synthase(NOS)ell 2] &}<]
L-arginine & 258 A/ &= wh-g/d o] 24&k Afrefr] o]
o, dgzda A4HD wi7f A = AH-goh, g, Ud
A7ls 59 &2 ote Zlow el et Novk 28

ooz Aol B A= Hle2 g o3 229 I
2 WA AAC o] F= L}EME}(ZS)

LPSE A3 435S =8 RAW264.74 Lo Frls
53 Z%%E 125, 250, 500 2 1,000 pg/mlL FE=2 22
gt & NO AA9#] 2a& gRlst A7 Fig. 29 2t
125 pg/mL A 2]A]E= LPS @5 A2 Ftol vla] A<l
zto] 5 VERA] £ o} T oo FrlME TE oFE
Ao g NO AAe] #Aasiith & 28 e e
F=E9 NO A7 A &4do] O #3kem, E-70 Hrke

Table 3. DPPH and ABTS radical scavenging activity of red garlic-supplementary materials extracted by using water and ethanol at 70°C

and 95C
(%)
Radical Concentration Sample code”
(ugfmL) E-70 E-95 W-70 W-95
313 15960.19”% 840£0.96™ 622£1.09" 6.41£0,02**
625 1891:0.96™ 15.380.13° 1026£0.51™ 8.59:0.51™
DPPH 1,250 29.68+0.32" 2295:0.77° 17.880.06™ 15.06:0.19"
2,500 52.95:0.26" 36.35:0.06™ 2673147 27.63£0.06™
5,000 73.65£045% 62.5620.05 45641013 47441038
313 5.71+0.10° 36240.10° 2.24+0,14* 2.62+0.05"
625 10.29:0.10% 6.48+0.29° 443:0,05™ 5.380.33™
ABTS 1,250 21.19+0.24° 14.19+0.67°¢ 9.24+0.86™ 11.38+024
2,500 40.90+1,00 28.14+0.90° 19.67:0.24% 22.19+0.48%
5,000 77194043 5533+1.62C 37.1040.14% 42484029

I

e}

)
;Each value represents meantSD (n=3).

w

4AD,

E-70, extracted by ethanol at 70°C; E-95, extracted by ethanol at 95°C; W-70, extracted by water at 70°C; W-95, extracted by water at 95C.

Means with different superscript in the same column are significantly different at p<0.05.
Means with different superscript in the same row are significantly different at p<0.05.
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Fig. 1. Effects of red garlic-supplementary materials extracted by
using water and ethanol at 70°C and 95C on the cell viability in
RAW264.7 cells.

E-70, extracted bny ethanol at 70°C; E-95, extracted by ethanol at 95°C; W-70, extracted
by water at 70°C; W-95, extracted by water at 95°C.

After Raw264.7 cells were pre-treated with LPS for 30 min, it were treated with the
indicated concentrations (0, 125, 250, 500 and 1,000 pg/mL) of extracts for 24 h.
Cell viability was evaluated using a colorimetric assay based on MTT assay.

Data represent the meantSD of three independent experiments.
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Fig. 2. Effects of red garlic-supplementary materials extracted by
using water and ethanol at 70°C and 957 on the production of NO
on RAW264.7 cells.

E-70, extracted by ethanol at 70 C; E95, extracted by ethanol at 95°C; W-70, extracted
by water at 70°C; W-95, extracted by water at 95°C.

The results are meantSD of triplicates from a representative experiment. Statistically
significant value was calculated by compared with control group by student’s t-test
(*, p<0.05; **, p<0.01; *** p<0.001).
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Fig 3. Effects of red garlic-supplementary materials extracted by
using water and ethanol at 70C and 95C on the production of
ROS on RAW264.7 cells.

E-70, extracted by ethanol at 70 C; B95, extracted by ethanol at 95°C; W-70, extracted
by water at 70 C; W-95, extracted by water at 95°C.

The results are meantSD of triplicates from a representative experiment. Statistically

significant value was calculated by compared with control group by student’s t-test
(*, p<0.05; ** p<0.01; *** p<0.001).
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Fig. 4. Inhibitory effects of red garlic-supplementary materials extracts on the mRNA expression of iNOS, COX-2, TNF-q, and IL-18 in RAW264.7 cells.

E-70, extracted by ethanol at 70°C; E-95, extracted by ethanol at 95°C; W-70, extracted by water at 70°C; W-95, extracted by water at 95°C.
RAW264.7 cells were treated with the indicated concentrations of T1-mixture extracts (500, 1,000 pg/mL) in the presence or absence of LPS (1 pg/mL) for 24 h.

Data are represented as meanstSD. Statistically significant value was calculated by compared with control group by student’s t-test (¥,

p<0.05; **, p<00l; *¥¥, p<0.001).
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