KOREAN J, FOOD COOKERY SCI ISSN 2287-1780(Print)
Vol 29, No, & October, 2015 ISSN 2287-1772(Online)
htto.yax.aol.org/10 9724/kfcs, 2013 29 5,453

£AHZAS R 7199 Hdzelo] Be st Y

Changes in the Antioxidative and Antigenotoxic Effects After the Cooking Process of
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Abstract

Recently, two formulas of sulgidduk added to pine needle juice (PN]) with various physiological activities were developed for metabolic
syndrome patients in our lab. According to previous studies, cooking may alter antioxidant properties by initiating destruction, release or
transformation of antioxidant compounds contained in food. Therefore, the aim of this study was to compare the antioxidant activities and
antigenotixic effects of sulgidduk with/without PNJ and to note changes in these activities after cooking, The ingredients of sulgiddiuk was
added on the basis of 100% rice flour as follows: conventional sulgidduk (S): 1.5% salt, 30.0% sugar; PNJ added to sulgidduk A (PS-A): 1.4%
salt, 30.0% sugar, and 1.0% PNJ; PNJ added to sulgidduk B (PS-B): 1.5% salt, 21.4% sugar, and 1.4% PNJ. Ethanol and water extracts of
sulgidduk were analyzed for the total phenolic content (TPC), DPPH radical scavenging activity (DPPH RSA), total radical-trapping antioxidant
potential (TRAP), oxygen radical absorbance capacity (ORAC), and antigenotoxic effect by comet assay. The ethanol extracts PS-A and PS-B
showed higher TPC and antioxidant activities (DPPH RSA, TRAP, and ORAC) than did the S ethanol extract before cooking, The more PNJ
was added, the higher TPC and anitoxidant activities were observed in sulgidduk (PS-A{PS-B). Cooking caused a decrease in TPC and
antioxidant activities in all sulgidduk samples. However, PS-B still had significantly higher TPC and antioxidant properties (TRAP, ORAC) than
S after cooking. The PS-B water extract was higher in TRAP and ORAC than the S water extract in both uncooked and cooked sulgidduk
samples(p<0.05). All sulgidduk ethanol extracts inhibited DNA damage induced by 200 uM of H202, Taken together, this study suggests that
sulgidduk added to 1.44% of pine needle juice may be a good option antioxidant and antigenotoxic source,
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PHEB S 2000), BAY fFAHCIRS 2005), HE & 5
(BAZ 2005) 59 ook ARE 5
77k EJ—HMJ% o2
A8 e gl Aol
71‘310131}\-’] ‘:H‘quo AYFE il/]r—‘?—ﬁ]—(szceze)Oﬂ &3
A5 wEo g HAxe| Ao AYsi, oziE o, &
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) = EIJZ}—Q-H]&]E—E Z,:O]‘]_, Z,:%]_/g., 5\_01%—0]14- Zé\‘%]_
[k, e,
1E°ﬂ AHEEE
Zl 7L70”4%94§ Ol%ﬂoi feHEHA
2009). &89 AEo2E 2o]df4y, chlorophyll, carotene,

terpenoids, quercetin®} kaempferol 59| flavonoid¥, tannin,
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alkaloids 3}$HE-, @ -oniene, B-pinene % camphene 59| A
A48 thke] phenolic compounds?} RIALEITH -84
2002). E9le] AP #F dFEe Y FEI
Pt (Rl 5 2002), HEEASAGEEE 5 2007),
MR 5 2005), ALRAREE E3CFESE 1990), &
Qozne Lol 27zge] Hold UG ARl
4-hyroxy-5-methyl-3[2Hfuranones 2|3+ I Fo] FF= 3]
BOREE 1999, EE £22 HE0 287 AR 49
W 7kl wE WrbE Rkse] Bl SAGIERE dF
A 2008), EU7FF 7 BEFT] Az wigue] HHskxl
24 5 2000, Y F71¢] ﬁ“@}ﬂ“ 2 FAEAEFHNA
2009), E7HF A7bES 2 ¢ A Aolae] #sH g 7
A SAEEE 5 2002, EdFTEH F2E A7) %TA
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zg7} ’%13]7(4 g4 izl njxE= ke BAEy] st
04 A7|we] zz] Ao Al FFGAEAHS HlmE
A8kt
Il A2 U by
1. A=

ghAaksl g BEA o AR Folin-Ciocalteau’s phenol,
2,2"-azobis(2-amidino- propane) dihydrochloride(AAPH)¥ Wako
Pure Chemical Industries, Ltd,(Osaka, Japan)ollA TFY3FAL
gallic acid, 2,2-diphenyl-1-picrylhydrazyl(DPPH), Met-myoglobin,
2,2'-azinobis(3-ethylbenzothiazoline-6-sulfonic acid)(ABTS),
6-hydroxy-2,5
acid(Trolox), Fluorescein, Histopaque 1077, Trizma
hydrochloride(Tris-HCl), Sodium chloride (NaCl), ethanol,
sodium lauryl sarcosine, Triton X-100, sodium hyroxide(NaOH),

,7,8-tetramethyl chroman-2-carboxylic

ethidium bromide, disodium dihydrogen ethylenediaminetetraacetate
(Na,EDTA), sodium carbonate(Na,CO;)< Sigma Chemical Co, (St
Louis, MO, USA)oA] FY43}$th. Dimethyl sulfoxide(DMSO),
hydrogen peroxidet= Biobasic Inc.(Markham, Ontario, Canada)
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T 350 m o|A}AA A AAR el AT A
3 2o M) RES AT F A

Qg Adsich 28] el o} e

ifed

O

T8 2% B @2 F, B2 2ol & w7bA| 3~43] Al
ol oA £ fEd B2 13 AFEska, &9 3W9
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2) A71Y A=
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E(S), EUA7E-APS-A) B £ 7| E-B(PS-B)E Table 19
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?lX](M\X/-209EC, LG Electronics, Changwon, Korea)o|A] 700

2 5% 20%7F 71dste] Azt Table 19 Ag wig
Hlol| whe} &7 APs-A)et & U7 H-BPS-B)ollE &9l
A5AE 2 1010, 1440 A7HYON, ol B A7Ao
A A £UAFAe W A7)Hel Hugn Al

Aol ZASAHPark F 2013).

Table 1. Formular for sulgidduk added to different pine needle juice

(=1
=

Contents of sulgidduk (g)

s’ PS-A PS-8
Rice flour 100 100 100
Salt 15 142 15
Sugar 21.38 30.04 21.38
Pine needle juice - 1.01 1.44

Vs, sulgidduk  without pine needle juice; PS-A, PS-B, denote
sulgidduck base with 1,01% and 1.44% of pine needle juice level

among ingredient of rice flour, respectively.

3) A= &

Aol e 222 sdste] 4/1% el A basest £
AW 75 g8 100 me) ARHge] EFE F A
e o 88 A E4l 5. 24 oo
o 2 e ¥, o)A
filﬁ?ﬂ%o% 12 37C A o’—‘TC’]’ ok 7 w5E % 50
mg/mLe] FEZ DMSOY| =& 20T YEFEI(R-S68b2, LG
Electronics, Changwon, Korea)o| H¥#ASHA AHF3 T2
sAeiA Af AT AR = FES flste] A7
9 g 150 mLo] FHT S/ F 90T waterbath (KMC-1205W,
Vision Scientific Co., Bucheon, Korea)ollA 3A|7F &<t F&3}
gt & FEE2 1A A FE0] AHL FE5E
o] vt & st wTolr GARE FEItY FETE
S =oluxl Y. e B FEEL 9FA|(Whatman
No. 22 #etejdet & FA7AzI2 7Azs9Y. 2 52
AZEL 50 mg/mLe] FTEZ DMSO°| =] ARE Al7HA]
20T o BAskITt

tlo mo N ot

o2 dg AE-E3l 9)F Folins-Denis
H (Folin 09} Denis W 1912)°§ 2439k, =, AE 1
mLS Fste] 5 1 mLE 7F8ke] 31X}l 1 N Folin-Ciocalteu's
phenol reagent 2 mL-& 7}5te] Aoja 387F WEX|E B 10%
Na,COs8-9 2 mL& 7Fete] o] Egolg 1A% &3k 2o
A gAEEE. 1A & EFEYS YAEE] 7] (Micro-17R,
Hanil Science Industrial Inc,, Incheon, Korea) 13,400 gollA 5
B7F GAR S A 200 #LE FH 3] ELISA reader(Sunrise,
Tecan Co, Ltd,, Grodig, Austria)E AFE-3l] 690 nmollA &

et Mjmol ezelo] W2 A5 3 YRUSY 85 25 455

BEE A dubdo g AEAR| ksl dAL ¥
B4 3Eo] AelEds #AEEoel Q= ﬁg_e; A

o] gallic acidg BFEAZ ARt AFAES 2Adst9en,
% = L mg gallic acid equwalents(GAE)/lOO g @92
ER A A

2) DPPH Az &A%

DPPH U7 AAS5L Mensor £(2001)¢] HHE H335}
of S4stglth. =, 0.2 mM DPPH @& 8 80 #Lg 2
mg/mL Al 20 gL 718k & 102 B £§8tn A4
1087 ¥FS-A|AH  ELISA  reader(Sunrise, Tecan Co., Ltd,,
Grodig, Austria)E ©]83l4] 492 nmolA FFE=ES AN
o}, FAETolls DMSO 20 #LE z%ﬂ]o}‘ﬂ 4 E%— 43t
ot 2+ A|89] DPPH radical A7%E of#e] 2 ] 3] Al
dselon, ARS WA Be FAUR FHEAE 0
W3t free radical®] AASAHES MESZ YERY 9ir:}

i ogh

Radical scavenging activity (RSA, %) = (1—A/B)x100
A AR F3E
B FAE 7Y FEE

3) & 3HAS}=(Total radical trapping antioxidant
potential; TRAP)

% 3ksl5-8 Rice-Evans®} Miller®] inhibition assay W
o] whg} A5} THRice-Evans C&F Miller NJ 1994), o] W
2 ABTS[2,2"-azinobis(3-ethylbenzothiazoline ~ 6-sulfonate), 150
#MI&} metmyoglobin(2.5 #M)E H0,(75 #ME ZASAZ]
o 24 AAE ferryl myoglobin radical species®] A3 Z-g-of]
o AT ABITS radical cationd] TFEE =Asl=d 7]%
£ T flen I §3%9 AAEE AR ditskel
st AIEE 6% B 30TolA widdt T uvvis
spectrophotomater(UV 1601, Shimazu, Kyoto, Japan)Z A}&-3}
ol 740 nmolM FFEE SAAUTE. AR TRAP TR
Trolox(6-hydroxy-2,5,7 8-tetramethylchroman-2-carbonyl acid) ]
AR (calibration  curve)S  o]-83le] AAKSIG LW TEAC
F&5k3A

(Trolox equivalent antioxidant capacity, mM)=

4) ORAC(oxygen radical scavenging activity) assay

Peroxyl radical £71%2 & slsS FH o2 A5t
aksl BA]S H7FSh= Kurihara 5(2004)9] peroxyl radical
scavenging capacity(ORACroo.) A1H-S o] &3t A& 350
pg/nidl] peroxyl radical S 28k
AAPH (2,2'-azobis[2-amidinopropane]  dihydrochloride)&
F g B 20 Mol HES A2fsta, FFEE S
fluorescein® #HF ¥H FZ7} 40 nMo] HEE A8
H(Ou B 5 2001), & ¥ F% 1 #MY TroloxE control
standard2 AFE3}FSIT}. Peroxyl radicale] 7HAE YUehle 3
L A&LS GENios fluorescence plate reader(Tecan Trading
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AG, Salzburg, Austria)Z ©]-&3}] excitation wavelength 485
nm, emission wavelength 535 nmollA] ul 28wt} 2417k 52t
243905 ORAC valuets 2 AJRe] W] Zadhe 24
ofgff HEo] ZF HA(net area under the curve)S AFE3d}d]
vitamin E F84 FEAQ] 1 #M Troloxd] ¢J3] H3H
curve area®t H]W3}S] trolox equivalents(TE)2 YERHAT
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A7ek ddd 2HoERY Ak Mg ddelA
Histopaque 1077(Sigma, St, Louis, MO, USA)& o|-&3f W+
£ TEe & B A ARt B dATe ks g
o2 dt ostairel gelade ANF AAeKE F3
(World Medical Association)e] &A7] A (Declaration of
Helsinki)®] 2|2 7ho]=elelel] wa} =33} qirt.

2) Nzel AP W Ak AEds g

Singh 5(1988)2] alkaline comet assay ol wel Ha|3
£ WMo PRSE 3A3F AEE 50 pg/mLe] FEE A
tel 37ColA 3027 ¥HEAIZITE Bkgo] £ & Wy
PBSE A|H3t & ol9Ho g A3H 2EfAE Fuksl)
sked 200 #Me] HOE WMo Agste] 4Tl 5EXF
A7 o ohAl PBSE AT At ET e AR
A PBSE AEdh F 200 #M HOE Aefatla, =4
o= PBSYRS A2t
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3) DNA £A4F =4 (Comet assay)

Hhe-S Eull MEFE 100 #L2] 0.7% low melting agarose
gellMA)Z} 49-& & 1.0% normal melting agarose(NMA) 7}
precoating®®l normal slide $|2 FEHo] FiLF FAIEA ¢
T cover glassZ Hol 4T o) WXt} Gelo] F2 WM cover
glassE Hl7|al I $Jo] T 0.7% LMA &N 75 pulE 5=
sta] 4o WXEGY. Gelo] Zo Xp7FE alkali lysis
buffer(2.5M NaCl, 100 mM Na,EDTA, 10 mM Tris, 1% sodium
lauryl sarcosine, 1% Triton X-100, 10% DMSO)°l| slide® B7}
Halol 1AIRE B FAAA DNA olFTtEE EolFAU
Lysis7t B &, slide® A7]¥ez0l Wlgsta 4¢ 9] A7k
Z7]19% buffer(300 mM NaOH, 10 mM Na,EDTA, pH)13)Z
A9 208 FeF unwinding A7 DNAY] alkali labile sites7}
=g & F 25 v/300+3 mae] FAYgow 2083F A7
s AAstT Hlel ofs DNAZE FUHH R EdEE A
< WA Hs o] FAFe hAzdA Axlsginh A

¥Eel Bd ¥ Ak F44E8N0.4 M Tris buffer, pH
7.4)0 sE7F 33], oflghZol sEF A T slided 1EA|
73T}, Slide2 ethidium bromide (20 #g/mL)E HAMsle] &%
& 1| 7 (LEICA DMLB, Wetzlar, Germany)9] CCD
camera(Nikon, Tokyo, Japan)E %3l Hijz Zzte] A|xs)

X
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imageE® comet image analyzing system(Komet version 5.0,
Kinetic Imaging, Liverpool, UK)& 53 #4315ty W19
hydrogen peroxideo] &J3F DNA €4 W ZF FEE4] 2%
S A oRyE o mel BRoz Woix
Uzl ma] B8 ) DNA ekl intensity)S ZA3}e] U
wolet.

5. SAIXz]

RE dolele BAAEE spss T2 (Windows 14,0,
SPSS Inc, IBM, Chicago, USA)S o]&3te] B39 A=
P+t EEAAE GERRleH, A=eE 95%(p(0.05)90A
BagEel el fFol8S HASskrh 24 FES AT
AHEA (one-way ANOVA)E Ald3te] FRkg 3L, Tukey's
multiple range testE ©|&3la] 2 F7FY] foJAl AolE A
Sorolct, mek x| Ao wlae] g FAH o8
Student t-testE A} AZd}T}.

EUFAFAS o] &3 Ar|He xg HFo st

J o e FEEH & =
%8 A= Table 29 VERY
5 F e e AV
H(E-5)0] 3.0 mg GAE/100 g, £ 7|®-AE-PS-A)7} 4.2 mg
GAE/100 g, £ 7| ®-B(E-PS-B)7} 4.3 mg GAE/100 g2 A
71HE-9HET EAFAS H7le A7IH(EPS-A, E-PS-B)O]
FIHO2(p<0.05) H2 F AsTFe YeAiTable 3).
zg T dekg FEEY F e TR A7HES)
2.5 mg GAE/100 g, £947)H-AE-PS-A)7} 2.8 mg GAE/100 g,
2947 EBEPS-B7} 3.6 mg GAE/100 go& <979
BEPSB)IM FH o2 (p(0.05) 7F e F dA=dHFe
et w3tz A9 F FEdE g vaolA]
A7NH(E-S)T ST EAEPS-AE 28 AR 27 34
4oz F ZEde dFo] TAEFoL, &£U47Y
BEPSBE FAGY] FaE Aoyt FAAL f4ol
gtk & FEEY F Fode I 2 A xE F
B 2R oAl Aolzb vEhbA] ester, 8 A
o] FojHel apo] gk JERA| gkskrt. 53] &9V
-B(W-PS-B)= %] Ao 2.3 mg GAE/100 gollA Zz] Fo
1.9 mg GAF/100 g2 %7 HEt} 28 Zd = Zgds 3
o] 723 AR Uehtoy SAF foAe gl
A& 501995 £ A 100 g T IF FEES 7%
aceton FEENA 27t 1,798 mgws} 3,837 mgwe| EE|HE
o FfEel gtk HIslemn, Duh PD  5(1992)%

o et
N o,



Balasinska B9} Troszynska A(1998)%= S0 AFEE &nj
GHo| FNFE 8 ARe FEEo| HolA
F R} aqueous methanold} ethanolg AME3}IS
ZE9 ZAo] Frlete Ao Husgt & <

2 WIS W FEd] S
o} UehbA ghe WA e & e £AHF
Aol WE Fe1220(p<0.05) F77F ekstor], of
of Wkt £AHFA] Feldx gre] F2Fo|

o e F& Aol ¥ S7kshk=d 7190 A2 AlsEd

Table 2, Yield of su/gidduk added to different pine needle juice

uncooked cooked

E-s” 29 £ 08" 18 + 04"

E-PS-A 19 £ 02 29 + 04

E-PS-B 30+ 1.1 29 £ 08

Yield (%) - -
W-S 132 £ 0.7 114 = 20"

W-PS-A 130 £ 16 103 + 24

W-PS-B 105 £ 1.1 81+ 10

1)S, sulgidduk without pine needle juice; PS-A, PS-B, denote
sulgidduck base with 1,01% and 1.44% of pine needle juice level
among ingredient of rice flour, respectively.

Values are the mean®SD. All measurements were done triplicate,
and values are average of three replication, ™; not significantly

different at p{0.05 after Tukey's multiple range test.

Table 3. Total phenol contents of su/gidduk added to different
pine needle juice

uncooked cooked
E-S” 30 £ 00" 25 + 04
E-PS-A 42+ 05" 28 £ 07
e E-PS-B 43+ 08 36+08
(mg/100 g GAE") WS 23+ 10° 24+ 03"
W-PS-A 21 £08 23 £ 07
W-PS-B 23 £ 07 19 £ 08
UGAE: gallic acid equivalents,
Z)S, sulgidduk without pine needle juice; PS-A, Salt : Sugar :

PNJ=1.42 : 30,04 : 1.01; PS-B, Salt : Sugar : PNJ=1,5 : 21,38 : 1,44,
the mean®SD, All
triplicate, and values are average of three replication, Values
with  different

Values are measurements were done

letters within each column are significantly

™5 not
significant, Ap 0.05, Significantly different between uncooked and
cooked by Student t-test,

different at p¢0.05 after Tukey's multiple range test,

2) DPPH tjg &7%

DPPH ZtHjZt 2752 sk dArksolss

o8

7K AolEol JEzelo) e gast U BRISY

o ppPi Zheizo] GRSl od) Bl Hekd olg
3te] A3k (Bondent V 5 1997).

Table 4, DPPH radical scavenging activity (RSA) of sulgidauk

added to different pine needle juice

uncooked cooked
ES” 159 + 25" 125 + 21%
E-PS-A 190 + 2.0™" 128 + 08
) E-PS-B 28 + 22" 139 £ 21
DPPH RSA” (%)
W-S 112 + 12" 51 + 26"
W-PS-A 119 + 24 69 + 30
W-PS-B 120 + 42 57+16

YRSA: radical scavenging activity,

2)S, sulgidduk without pine needle juice; PS-A, Salt : Sugar : PNJ=1.42 :
30.04 : 1,01; PS-B, Salt : Sugar : PNJ=1,5 : 21,38 : 1.44,
Values are the mean®SD. All measurements were done triplicate,
and values are average of three replication, Values with different
letters within each column are significantly different at p<0.05 after
Tukey's multiple range test, ™; not significant, p0.05, p{0.01,
Significantly different between uncooked and cooked by Student t-test.

ze] Ao o FFE59 DPPH 2oz A7 A7Y
(E-5) (15.9%) ( EWd7IH-AEPS-A) (19.0%) <
BE-PS-B) (22.8%) “O=2 Fo&02(p(0.05)
(Table 4). ol FHrHol Sle FIsEd F
BEEL free radical® HF3IAIZ 4= U= phenolic ring?]
EAE7] wZol Hold gAitstes 7HA=H (Rice-Evan C &
1997), AlZF 520102 Wn] 70% oghE FEFE 1 mg/mL
9] DPPH T A7 %0°] 12.71~20.83%2] Ao T H 13}
o, ol A7|H de& FEE 2 mg/mLolA 15.9%<]
DPPH 2tz 2A%S Uehd £ A2} fARE 454
Aoz Bt dvtdoz F HAEsgtEe] df hlstee
AR ok dEAAE YERNI(Gheldof NI} Engeseth NJ
2002), flavonoid, phenolic acid, anthocyanin 59 % =3}
F2 frel g4oz 2A5E 7He T8 AR Agstes
(Padayatty ] 5 2003), ¥ dtollA % A dEE F2E
A g e F EejHls o] Abelrh peeH B A
sl 9 1zl Aog Helth &3 villano $(2007)2
polyphenolic 3}3HE 2 flavonoid AlY 3}&&E9] DPPH
radical& ©]-83F ZAolr 3 Fikslgo] 9l5S K}
g+, €Y= quercetin® kaempferol 59| flavonoidHF7}
FREo] e, Ar|He 23 £UAFA HUEHELAEY
TA(PS-A) 1.01%, <94 7]H-B(PS-B) 1.44%)°] DPPH Z}tjZt
2G| FFE Rl Zem Helt £99] DrpH zhY
Z 27sE AT d7e €Y g5 FEEF 70% acetone
FEE0| 80.9%, 82.60(FET T 1995), 0.1%2 & EF
FEEH dEs FEEC] 55.2%, 844(HFH T 20029
%2 DPPHO| 3 AR olsS Haustlon, 53] 4w
20020 0.1% £ &S FE229] AApgolsol 45 F
2sA|(HIERT] ¢, HIER E, carnosine, tyrosine, glutathione)X.

£y
<7Vt
polyphenol
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o e GHEE YepE Aog Bug v 9tk k3
Feule kel aF e foJHQl Aoldx Bt x
g Fo] k& FE=9 DPPH HU# LAeE AEiHe
zpol7 YRR ekgkon, o RE FdA zad 93
DPPH e}t 75 o] Zhashil, 53] £94d71H-AW-PS-A)
7 &987|9-BW-PS-B)oIA ZHZE 32.6%, 39.0%(p(0.01)2]
F2 Ak ehd b 7]91e s Held,
o] DrPH FOZ 2ATS =z AH =z §
l—g{M FoJAQl atol= glolem, zeld o5 7]
E‘i(w-smﬂ*i 54.5%, 2%1@7]“3A(W PS-A) A 42.0%, &%
7)1 E-B(W-PS-B)Sl|A] 52.0%¢] =& DPPH tjZ 27%9] 7+
27 vEbd o, A71E(wW-s)»& ﬂlﬂd EAFHE s

o
of

o 7
T
\:rz
=

A7|H(W-PS-A, W-PS-B)ollME= 28] HAF9] FoHQl Ao}
H/\ME]'
3) & FAtsks

L2 22-azinobis-(3-ethylbenzothiazoline-6-sulphnate) %]
2(ABTS - ol tigh dhtsiAle] Bt S Ao 54
4o F ] 2 dkEes vehle Wigelt
(Rice-Evan C9} Miller N 1994), %8| 9] dEre =59 &
Frslse AVIHEETT EUFFds s A9
(E-PS-A, E-PS-B)ollA] F9J2 0 2 (p(0.05) =gkom, o] 23|
A7NHES), EW7THAEPS-A) 2 EYH7|E-BE-PS-B)oA]
27} 54.0%(p<0.05), 67.2%, 46.2% (p0.01)9] & #Aakslso]
aste] ze] $of dee FEE F Fisted &4
71 8-BE-PS-B)7} -2 H 02 (p0.05) M =&
Wtk(Table 5). 28] Ao & F&59 & idlee &
719-B(W-PS-B)7} 6-2]8 0 2 (p(0.05) 7F =9kar, =z
% gatslee A71H(W-s) ( EUA7H-AW-PS-A) ( &Y
71Y-B(W-PSB) 28 FHOR(p(0.05) =kon, Zgd
o3k FojFel W= YehtA] odgith

0

Table 5, Total antioxidant activity(TRAP) of sulgidduk added to
different pine needle juice

uncooked cooked
E-s” 03 * 00" 02 * 00"
E-PS-A 11403 03+ 01
TRAP E-PS-B 13 + 00" 07 + 00
(mM TEAC") WS 01+ 01° 01+ 01°
W-PS-A 01 % 00" 01+ 01

W-PS-B 02+ 01 02 % 01°

YTEAC: Trolox equivalent antioxidant capacity.

7, sulgidduk without pine needle juice; PS-A, Salt : Sugar : PNJ=1.4
2:30.04 : 1.01; PS-B, Salt : Sugar : PNJ=1.5 : 21,38 : 144,
Values are the mean®SD, All measurements were done triplicate,
and values are average of three replication, Values with different
letters within each column are significantly different at p¢0.05 after
Tukey's multiple range test, p(0.05, p<0.01, Significantly different
between uncooked and cooked by Student t-test,

S 2 F 22 83 A A 297 A 5%(2013)

4) ORAC value

ORAC EAHe  peroxyl radical generatoro]d F=¥
peroxyl radical?} @& probe®] H|&F WG E] ATt
wel it e Sgse] RusgRel Afeiid 27
< ZA3prior RL 5 2005). Zg] A ogg FEE9
ORACroor 2742 Z27IHESET £4AFAE H7he 27
H(E-PS-A, E-PS-B)ellA] ZH2 oA 0 2(p0.05) 2,74, 2.94)
Eon, E£YFFAE AUk A7IHE-PS-A, E-PS-B)olA
zelo] ojit foldel AaE veiglon zel A3 wa
Mz 22 Fole rEeynd 9350 BAd A
7IB(E-PS-A, EPS-B)olA] o)A 02 (p(0.05) %<& ORACkoo-
248 Uehlo] £A35le] A2 271 ORACo. 4
] 7}°ﬂ°ﬂ AR s Q IakglekTable 6). =3 & F%
SoE oRe FEu3 BUSH) 27 Wt 2o ¥ BF
A7)5(w-5) e} i%%eﬂ—% A7keF A7) (WPsA, WPSB)
o] HEHOZ(0.05 L ORAGoo BHE Uehgion, 2
glof oJgk Wske uehtAl gith &9l rEol e
flavonoidsi= peroxyl radicalol] hydrogen donor® ZH-g35}e]
free radical& ZF scavenging dh= ACE 4EHA =
(Torel J & 1986), ol2ldt £S1e] flavonoid &/do] AH7|(s)
By EAFANE AR AJEesa, PSBON Ee
ORAGroor Z/E& UERf=H] 71043k Aoz Helr

ﬂ

Table 6. ORAC activity(ORACroos) Of sulgidauk added to different
pine needle juice

uncooked cooked
E-S” 07 + 04" 06 + 05"
E-PS-A 19 + 06" 11+ 03
ORAGro0- E-PS-B 20 £ 05" 13+ 02"
(TE") W-S 05+ 01° 06+ 03"
W-PS-A 18 + 05 14+ 04
W-PS-B 17 04 17 £ 05

UTE: Trolox equivalent,
’s, sulgidduk without pine needle juice; PS-A, Salt : Sugar : PNJ=1.4
2:30.04 : 1.01; PS-B, Salt : Sugar : PNJ=1.5 : 21.38 : 1,44,
Values are the mean®SD. All measurements were done triplicate,
and values are average of three replication. Values with different
letters within each column are significantly different at p¢0.05 after
Tukey's multiple range test, p<0.05, p<0.01, Significantly different
between uncooked and cooked by Student t-test,
L phytic acid, polyphenolics, vitamins, 7 -oryzanol %
7154 ARES FFata Jom(Slavin JL 5 1999), 2]
Ak ZeldlE dFENE HEHOE caffeic acid, ferulic
acid, p -coumaric acid, sinapic acid 5°| UTHBaublis A] 5
2000). o998l 5(2011)& 2o+ linoleic acid, oleic acid %
palmitic acid 59| A|Hbato] ZR& wtd FHulol| o3 7}dx
b A 24 GFE VA gtk Busiga, o
715 520072 ol T3HE ferulic acid 2 728 ksl
T Aol AEkE oAlsle Aow Haskgrh & ATl

N
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A A7 B FEEWSS, W-PS-A, W-PSBE2 Zo o
st (F Fejdls =, DeeH B A7, & Rt

S5, ORAC value)®] W3l7}F mlujstold], o]= 2o e
Fakslddol Zhddell ofgk dlstEAel wskE AAlst=t
Zlefek A2 B3It} E3F phytochemicalo] F538F A&7
o} Zejule ol TR AES AFcke A2 AA o
USEEH 2 Og AIslegS dAlstnR A7|"d £9s
A7 st s ST AL we f-88 ZoE A}
¥,

27| DNA 24 SRS
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Comet assayr= AHad 2Eg2ol o3 DNA &4
DNA &4 Hoss AT & v Wisha, we
ZM Tkt phytochemical®] DNA €4 oA 83} 55
she 6838k AEE AMEHI glthCollins AR 2004, Poli
T 1999).

zg A e FE2EY A7IHEDT E9%4FdS H)
& A7|E(E-PS-A, EPS-B)E HOE GEd A8ty 2EdXx
(POl tial] DNA &3& oA (p0.05) Boatq o,
pcol  thel  AZHES)S  50.6%, <Y 7H-AE-PS-AE
48.5%, &Y 71H-BE-PS-B)T 63.5%2] tail DNA £ JA &
F45 Yepfltk(Table 7). & Zg § e FEEA
% pcol el A7|EES)S 57.5%, EAE7IH-AEPS-AE
55.4%, €A EBEPSBIE 55.1%2] 2% 91 (p(0.05) Tail
DNA &4 JAa7ds Yepfiglen], 25 kel Zed 9%
Hale YepA] goitt & FE2EL 28 A9 2 £ 2
T pColl i BEE A7Y aFolA fF2Z<Q DNA &4 B
Zade JeERA gtody,  xE el &£dMrd
-AW-PS-A)9} &9 7|%-B(W-PS-B)= 717} PCHU}E 22.9%,
25.9% DNA <o) ZRAsilon, =g Fo &£94479
-B(W-PS-B)i= PCHU} 251% DNA &0 hadhs 32<l
HelE et 3 & FEEA $UA719-A(W-PS-A)
E At 28t Zg A$Y Aol gHh AF Fol
23E g Al gEAd ¥ flavonoid, carotenoid,
triterpene, lignin S22, T tpoFal ok A& ] $hEof

H
A=)
R

~ 12 o yg

A= FYHE AEo] hydrogen peroxided] olF =¥
1 DNA €48 AEE 23} B EdckSolan F 5

2009). WA &4 Zejdls &Y DrPH HUZ A7F
So Gustago] Aok AEdze] o3 DA £ BB
e 7logt Zlow AzbEr
terpenoids, flavonoidi @ phenoliF 2t olujz} vitamin C7}
FHap) Whsel k% 5 2002, o193 F 2008).
Vitamin C% vitamin E, uric acid, superoxide dismutase¥} w}
WE ARt frekes Ada Qe

SIS AAAA oln] BAHE free radicalg EZske] A

w3l &YoE  carotene,

Aske kst A, o] S oiste E97F ol
=H  oJokAio|tH(Tappel AL 1980). 3HH, 33]RH1974)+=

Vitamin C EZof 2¢jo] <hgst g vkl Hiskgle
b, 2719 Azl Al 259 £d3FAe] Efe] &l

fet My|Hol sleiza|of WE s U FRMEN 55 A4S 459
W 4719e) ek g Foled JlogRae Ao
2 3290

Table 7, The effect of sulgidduk added to different pine needle
juice (50 g g/mL) on 200 x M H:0, induced DNA

damage in human leukocytes

uncooked cooked
Ne” 44+ 00" 44+ 00"
PC 220 + 00° 220 + 00
ES” 109 + 3.0° 93+ 13
E-PS-A 113+ 25 98 + 28
Tail inensity E-PSB 80 + 15" 99 + 08"
%) N 59 £ 00" 59 + 00'
PC 252 + 00° 252 + 00"
W-S 238 + 61" 243 + 43
W-PS-A 194 + 13" 258 +31°
W-PS-B 186 + 45° 188 + 32"

1)NC, PBS-treated normal control(without oxidative

#M HO, treated positive control.

stimulus); PC, 200

s, sulgidduk without pine needle juice; PS-A, Salt : Sugar : PNJ=142 :
30.04 : 1,01; PS-B, Salt : Sugar : PNJ=1,5: 21,38 : 1,44,
Values are the mean®SD. All measurements were done triplicate,

and values are average of three replication, Values with different
letters within each column are significantly different at p({0.05 after
Tukey's multiple range test. ’p (0.05, Significantly different between
uncooked and cooked by Student t-test.
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Fig. 1. Comet images of human leukocytes treated

with ethanol extracts of sulgidduk added to different

pine needle juice,

NC: PBS-treated normal control(without oxidative stimulus), PC: 200
#M H0O, treated positive control, A: uncooked S + 200 #M H,O,,

B: uncooked PS-A + 200 #M HO,, C:

uncooked PS-B + 200 #M

H,O,, D: cooked S + 200 #M H)O,, E: cooked PS-A + 200 #M
H,0,, F: cooked PS-B + 200 #M H)O,. S, sulgidduk without pine
needle juice; PS-A, Salt : Sugar : PNJ=1.42 : 30,04 : 1,01; PS-B, Salt:

Sugar : PNJ=1,5 : 21,38 : 1,44,
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B AFoxe Ael@Ao] 73 AF LA £UFFe
= l% S A7|ES Axste stz Ay 24 E’i
o HAe FEFS B3] Hste] Arige] zg Xﬂ?«l
AT FRAES vaEdEian F ZEAE?
FEEA *471@1(12—8) ( é:%l*éﬂ
-A(E-PS-A) ( £UME7|E-BE-PS-B)TOE A7|EESHEHLY &
WHFAE UK A7|H(E-PS-A, E-PS- B>°l frojHoz
(p€0.05) =& F HeEdds UrEMJ"*E} 2 3259 F
gl g xg AP zg & BT 25 79 794
zpol7F YEfA] ggkom, 2] A$e] Ao| et UER}A
oksktt. preH FUZ &AL FE A dEg FEEA
AZTH(ES) (15.9%) ( ERA7IH-AEPS-A) (19.0%) ( U4
7|8-B(E-PS-B) (22.8%) w22 HHOZ2(p(0.05) F7I8HA
on, zg T 2F He] KAl zbel7t YeRtA] &gk
E‘r E FEE9 preH HUZ &A%E 28 A9 29 §
T R FoAQl Apole figlen, x| o3 A7)
t—‘i(w—s)ow 54,500, 294 7| @A(W-PS-A)ONA] 42.0%, &4
71E-B(W-PS-B)ollA] 52,0%2] =& DPPH &tjZd &A%Y 7+
A5 YT & gitslse 2 9 des FE2E
A A7|HE(E-S)HT} z,\_o]zl_%oﬂ‘g z47].a—]- A 7)9E(E- PS-A,
E-PSB)oA RolFHo2(p(0.05) Ekon, x| Foe &£
A719-BEPSB)7F FH02(p(0.05) 7H =T B F&
EoMe  ZE Aol £YMIV|E-BW-PSB)o|] fFHoR
(p€0.05) 7 w2 F ssg vehglen, el ofst
oAl wsh glo] xg Foll= A7|HWw-s) ( &7
-A(W-PS-A) ( £YE7|HB(W-PS-B) <02 7970 2(p(0.05)
S7V8I9tE, ORAC valuew %8 A% H ek - & F&&5
oAl A7IEE) ( EYATIEH-APsA) ( E£9E7E
BPSBEoR A7HESET &aFds vk 479
(PS-A, PSB)O] O Z(p(0.05) =& HASCE YEPFoH,
zglo og Wshk= Tk Aksld ZEd 2 98k DNA
&gl gt BHess ST AR oehE FEEAA =g
Ao A7|HE-9)F EJRAFAE HUKE A7]HE-PS-A,
E-PS-B)L HO0,2 §59 2383 2Eg2(@eC)d] thsl DNA
=4S FoFog (p(0.05) 48.5~63.5% HIEsIPon, &
2 peoll gk 239l DNA £ B35 YERtA| &
2»}, A71E(W-S)ET} £ 7| E-B(W-PS-B)7} 25.1~25.7%
° DNA ,,_}\]- o%xﬂ 2_ L]—E]—LHO"E]- i o:}:rLoﬂH‘— /‘\0]74-
%"JH A7l w2 Arde] F ZeEds %, DPPH 2t
Z+ 27%, & 32kEs, ORAC value @ DNA €4 A%<
24 37t & 0}030111 *%lééﬂ“*B(PS B)9] =2 ?f“@:‘r
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