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Effect of Gamma Irradiation for Hygienic Long-Term Storage
on Biological Activity of Teucrium veronicoides

Hye-Jin Parkl, Ki-Tae Parkz, and Young-Je Cho'
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ABSTRACT The purpose of this study was to examine the biological activities of gamma-irradiated Teucrium
veronicoides. In photostimulated luminescence analysis, non-irradiated sample showed lower than 700 photon counts
(PCs), whereas irradiated (5 and 10 kGy) samples showed higher than 700 PCs. The thermoluminescence ratio of
non-irradiated samples was less than 0.1, whereas the values of irradiated samples were greater than 0.1. Electron
spin resonance analysis was performed confirmed for irradiation identification. The total phenolic contents of hot-water
and 50% ethanol extracts were higher than those values after irradiation at 10 kGy. Regarding 1,1-diphenyl-2-picrylhy-
drazyl radical inhibitory activity, 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) radical scavenging activity, anti-
oxidant protection factor, thiobarbituric acid reactive substance inhibitory activity as antioxidant test and xanthine oxi-
dase inhibitory activity, the effect of gamma irradiation had on significant effects. On the other hand, a-amylase in-
hibitory activity of 10 kGy-irradiated hot-water extract was 23.6% higher than that of the non-irradiated sample. Thus,
gamma irradiation could be used for the long-term storage of Teucrium veronicoides.
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AN OB A el digk galo] FoiE L ATH2).
B8 Teucrium veronicoides)< el Ak 43
A7 2% F4% A9l A4S FEol A9 FAAUA ol FEH dopl Wzl ARRE AP TE). Fel
2y gke] A+ts7) 7HestE an, 1 A Bink Q197 Sl e e TS Hol ‘T ﬂ(i), Sfrel e Ay @) &
of HI#4s 1St 17(]%*3, I, T B2 A (F)S A HFEEF) o2t st ol o g wokel, ok
g5 (lifestyle related disease)2] WH Eo] F71akaL Z Sow Byr|x @4(4) HE3lol| 23l oty o g
S1th, ol Awe] 9ol % sl WA A(oxygen free  WEF AL 7P WL o] Zstele] BuE S
radical)¥ superoxide, nitric oxide, nitrogen dioxide, 3 &8tE S AstAY 947 5E A s FESS H
hydroxyl, peroxyl, alkoxyl, hydroperoxy &3 Zo] A=} FA gk E3h S-S UA sk Aol €& wioka sEA
B& o] T UA 2 EAXA T Aol whdo] 2 sEtE A dEFH 99 1S b £2 o ® AREHATKG). &
= A ol A Aksts] ~Ed 2ol ofs) AdErH(l). 24 P FRE Wol o] &L A/ BFPTLRE T TTE
Apa= ol7ke] AL = ZolQlo] Bl Ete] w-shel E o] Bdo] HuF o FAE S E methylchavicol, es—
H Aol F2 AAE 2E317] witel AW o 2 3] tragole, limonene 5¢] &##] ATH6). A Foll A= Fgko]
3 s wAS 98 BA0 a0 e & e, waEsdel B3k Ak e A 31en7s)
gk 3H9), HAE BE &23(10), 9Fd &5 =X
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AP S8 A o= Qb A o] Wi M Ee FE
(12). AF7HA] gefAe] A A3t 7le = o] &5 ol W
2+ gtetekEA Y, ethylene oxide(EQO) F5H &
T e, o] HELS A ave] BoE, 48 493, 2
29 7k, 874 T3 55 ERAA L AFEo] AlHA
tH(13). whebA] gkefale] A, Bk FHejd 54 9 7154
HEY 5 o
B 5 3 84E audos AASe] A% 7|hs A4
T = AAAY 7 dg 4ol S7kekal dvh(14).
WAL AE AL 7] €S 71ekA] ¥+ B € (non-ther-
mal treatment) A ZHo g AEo] ook U A5z =4
Wk AN AEe] A B bdAdS SR &
gk AAAE VE2 RuEHa Jri(lb). AEF 2A|ES
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Ao AREE B Ol Ao AlF gl A
He Uit ekt A ES FYsth AlE e ek
A e A8l ARG, 10 kGy)2 1] 2AH0 kGy) 2
Tt S dAEATY HehdA A AT 49 Co-60 7
whA ZARAA (100 kCi point source, AECL, IR-79, MDS
Nordion International Co., Ltd., Ottawa, Canada)< ©|&
ste] Ao A A7HE dAT AFER 0, 5, 10 kGy2] F
FrAEE Q5F sglen, ol S %2 ceric/cer-
ous dosimeterE AF&3he] 1), Akgd FA] o)A
A Z A Hre-irradiation)® FY$ ZAMAAES o] 83t 1
kGyel %S 455 o dvh. A A mhA
1S H3l 1FHE ARE MAEste] AMEElelen, g

e
fz
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dE BN o
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34 55 AES Yl A15E 40 meshZ E33lo] 4°Coll
A AL At ARgskgit

Zx|=2 2 (photostimulated luminescence, PSL) £41
PSL #41& A F3Ad07) Bl wep Arjsiion, &
35 A& 50 mme PSL A& petri dishol] Ald3%k
ASE YT o= nfdo] Holx| A =15 HA ol
] PSL screening system(Serial 0021, Scottish Univer—
sities Research and Reactor Center, Glasgow, UK)&
o]-g3alo] 7} A5 33] WHE S35t ofuf] AP A2
2B zA0 A AABF I, PSL EAZALS cycle 60 s,
dark count 21, light count 23°|At}. FAF o F- A2
$ 8 threshold valuei= T1(700 count/60 s) TjRto]H &
A A &E(negative, B ZAF A|2)E, T2(5000 count/60 s) %
ol A E(positive, A A|B)E Beksty, T3 Ty
Abol o] ke F71A| B (intermediate, A} o 52 kst
T e AB)E BAIATAT).

Hdtal(thermoluminescence, TL) £

TL 42 AF3H19) whet A Fe 23+ mdlES
F=38te] EA AT A= A @l SRS 7hete] ul-
trasonic agitator(Power sonic 420, Whasin Tech, Daegu,
Korea)oll A 10%3r 23+ &, nylon sieveZ o]-&3)] o]z}
9 A Hs ] A|EZ2EE vURS ZEskgith E2g vl
Z-& 2.0 g/mL sodium polytungstate 2.5 mLE 7}l 7]
& AL SR AIFE ¥, 1 N HCl 2 mLE A#st
o carbonateE A th 1 N NH,OH 2 mLE 713l 53}
AT F3tE vulgs FRTE o83 83 AFe
F oA ES hele] AlF R AFT v TL discell wol
50°C dry oveneol 4] &} &<+ ddgk 5 TLS SA st
(19). TL 542 9% noiseol| 93t J&& ooz 234
Z7o] A TLD system(Harshaw 4500, Thermo Fisher
Scientific Inc., Waltham, MA, USA)S o]-&3] 50°Col A5
Bl 400°C7}A] 5°C/se] £ & 255 A5A|7|HA S48}
St (Table 1). TL S54S T3l 92 glow curve?] WA
#(150~250°C)& TLi o2 A tar AxAKL kGy) § &
Al A2 glow curved] WH ghs TLo= AAsto] AR
ZAE 213E0] el = TL glow curve? TL ratio(TLi/
TL2)E AF&38A TL ratio ko] 0.1 o]3}o] ™ H| A} A&
Z,0.1 o]del¥ A AR dakarh(19).

Table 1. Analyzing condition for thermoluminescence

Specification Condition
Flow gas N2 (99.999%)
Final temperature 400°C
Pre heat temperature 50°C
Heating rate 5.00/s
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HXtAEIZHH(electron spin resonance, ESR) £44
ESR #41& 23F35x(20) whet dAletlon, Als

50°C dry ovendll A Azx3)] &3} @48 ESR centerE
A A% & ESR pyrex tubedl 0.4 g¥ 7138} ESR spec—
trometer(JES-TE200, JEOL, Tokyo, Japan)& ©]&3}o]
439t SAH2A2 microwave power 0.4 mW, mi-
crowave frequency 9.10~9.13 GHz, center field 324.0
~325.5 mT, sweep width 2.5X10 mT, modulation fre-
quency 100 kHz, modulation width 0.5 mT, amplitude
4.0X10 time, sweep time 30 s, time constant 0.03 s=
SASAT P 2R R A g Belsha,
ESR signalol| 4] YEl}E peak-to-peak heightZ ESR
signal intensity® YEIHA oW, g-value:= WHH T2
o2 Z43F9 Origin 8.0 software(Origin Lab. Co.,
Northampton, MA, USA)Z ESR signal 235 #4313

5 2520 WMz

AR FES A5 2R A AEE A2 33
B8 1 g8 TR 200 mLol BAAA &7 100 mL}
g 9717 shdelel WA F 2447 Bk ALolA @
W FEsomn, oge o B B 1 gol 50%

)1.

FE3IA T 5 &2 Whatman No. 1 filter pa-
per(Whatman, Maidstone, UK)2 o 3}3slo] Z Qo) utg}
rotary vacuum evaporator(Eyela NE, Tokyo, Japan)ell
A FZ3lo] A|E9 total phenolicsd] FEE ZH3dlo] A
22 AREEiTh

M

Total phenolics &2f X

Total phenolics %2 Folin¥} Denis(21)9] ¥wol u}p
2 FA4s9 o, Alg F5E 1 mLol 95% ollek2 1 mLe}
A 7}staL 1 N Folin-Ciocalteu reagent
(Junsei, Tokyo, Japan) 0.5 mLE Yo} 4jojFa 583 vt
% & F8 Al 5% NaCO3; 1 mLE 7}skal UV-visible
spectrophotometer(Optizen 3220UV, Mecasys, Daejeon,
Korea)E o] &3}e] 725 nmoll A 1A17F o] o] SFE=E =
et on, o] Z gallic acidE o] &3 TF4d| 283
o S FAselT

S5 5 mLE

1,1-Diphenyl—2—picrylhydrazyl(DPPH) 2iC|Z X35 &
o =3

DPPH #t)Zrol] digt &A &4-2 Blois(22)2] el
e} F4s5 o™ 7 Al&E 1 mLel 60 uM DPPH(Sigma-
Aldrich Co., St. Louis, MO, USA) 3 mLE Y3 vortex
o 5 Ao A 1583 §HEAIA 517 nmell A 53 :
gstgorn, AAE 5 (%) (1-9-379 FF/dx=TF
o] FHE)x1002 2 JERASA T

2,2'-Azino—bis(3—ethylbenzothiazoline—6—sulfonic
acid)(ABTS) cation 2}C|Zt Xs| S1t =X

ABTS 54 Pellegrini 5(23)2] %ol ulg}l Z43A
t}. 7 mM ABTS(Sigma-Aldrich Co.) 5 mL¢} 140 mM
K2S:0g(Duksan, Ansan, Korea) 88 nLE <gslal o2l
Al 14~16A13F WhgA1A 2 Zds B4 AR § ©] & abso-
lute ethanol®} ¢F 1:88 H]& 2 41¢] 734 nmoll A thZxT¢]
4T ko] 0.71£0.0027F ¥ =5 243 ABTS solutions
AFE-EL T AR 50 uLQ‘r ABTS solution 1 mLE &3}
o] 30%7F vortex §F ¥ 2.58%F WHEA]71aL 734 nmoll A
FHEE Ao A 2w+ 1-¥HT9 5%
L/ ETe] F3%E)x1008 2 YERRSITH

Antioxidant protection factor(PF) X

PF+ Andarwulan® Shetty(24)9] #H o) wpa} =A s}
). B-Carotene(Sigma-Aldrich Co.) 10 mg< chloro-
form(Duksan) 50 mLol| =91 €<% 1 mLE evaporator
71e ¥a 40°C water batholA] chloroforms S/FA17!
% linoleic acid 20 pL, Tween 40(Junsei Chemical Co.,
Tokyo, Japan) 184 pL, HyO2(Samchun Pure Chemical
Co., Anyang, Korea) 50 mLE % 7}38le] emulsionS A%
& th A1E 100 plell emulsion 5 mLE &3H3] 50°Cel A
303 W AIA BAAIZ -, 470 nmoll A FHEE 54

ato] Wb o] FdE/thETtel viE yERfIt

Thiobarbituric acid reactive substance(TBARS) X5l
S0 &N

TBARS A3 &3 =42 Buege$} Aust(25)¢] ¥l
e} S48 2™, 1% linoleic acid(Wako Pure Chemical
Industries, Osaka, Japan)2} 1% Tween 4022 emulsion
S A xsta, A& 0.2 mLe emulsion 0.8 mLE £33
% 50°C water bathollA] 1043} o] A Wk-&- Azt wk
Hkg-of 1 mLoﬂ TBA reagent 4 mLE 7}slaL 15571
0®3F %7‘*/\]71 1587 1,000 rpmo. 2 94
5}5’13}. %* 2 3 § A2 1083 WSk A3
moll A FBE=E S48t A E&(%) (1-
#F%)x10020. % VERR AT,

oo

12 M oft o

of AL oy

Pancreatin a—amylase 9N €1} X

Pancreatin a—amylase A3l &3 &AL agar diffusion
W 26)el whel S48kt Plateol 5 g¢] agar$t 5 g9
soluble starch® S/l o] #Q F, 121°CE 1583t
HWatar 15 mLA petri disholl $a1 &8 A Z&}ko] /\}9“3}
At AZHEF plateo] A& 10 mm disc papers 29 ¥
Az 0.8 mL9 1,000 U/mL a-amylase 0.2 mLE iﬂ
sko] disc paperoll ZFzf 58kl gzl = Als e oAl
THTE 9ol 37°CeolA 3UzF wiYe F Iy/KI 3 mLE
Zbstel 1583 GAA vy A#E&E(R)s (1-A15Y
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clear zone area/tiZ7-9] clear zone area)<1002.2 A
A=

Xanthine oxidase(XOase) %A &1t =X

XOase A8 &3} 4L Stirpe$} Della Corte(27)2] W
Holl we} FAs o, vk-g-+= 0.1 M potassium phos—
phate buffer(pH 7.5)° =21 712 2 mM xanthine 3 mL
o 0.05 U/0.1 mL XOase 0.1 mL$} A& 0.3 mLE ¥
HxzTele Al Al /755 0.3 mL H7kske] 37°ColA
5&ZF WS AIZ T o] % F= Al9F 20% TCA 1 mLE 7}st
o] RES-AS Al ot dildS AAS H AAFH uric
acid® S3% 292 nmellA S5 o9, AafS(%) (1
— A& 9] uric acid &=/HNET9] uric acid &) x1002

2 499 A 3-68 wias S4F ARG B
+ X FHA A meantSD)E F7]|35FR 2™, SPSS 23 for win-
dows(Statistical Package for Social Science, Chicago,
IL, USA)E o]&3}e] 224 2 Duncan’s multiple range
test, one—way ANOVARZ 5% oA o485 AASA
o},
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Table 2. Photostimulated luminescence determinations of gamma-irradiated Teucrium veronicoides

BN
off,
2,

——0kGy —O—5kGy ——10kGy

40t
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Fig. 1. Typical TL glow curves of minerals separated from
Teucrium veronicoides by density separation method.

£ YEho] S (negative) AR E ATE A O W, AL
5 kGyolM+= 219,605.00 PCs, ZAM* 10 kGyolA=
125,022.00 PCs& 5,000 PCs o]4H¢] 522 Ueho] %
A(positive) A2 E Fdar 4= 9}

TL #2412 PSL 4 7 dE)& AR Aeds &
o] A} YRS SA = PSLY 2] 50°CHE 400°C7}
A Aol 4 7hal RAIUAIE S48k o th(b).
ko] WA Fawke] et 94 2% RflelA] 553
TL glow curveE YERA=H], v ZAF A]&22] -5~ 300°C
o] F 7l AFA A Ql WALFol 23 glow curveE UHE}
o A AlE 9] A 150~250°C Atololl A 733k TL glow
curve®s YEFAT(19). Al A Aol & ko] %
ApAEd TL 24 A& Fig, 13 2o 7hvba 2A 5,
10 kGy9] 729 150~250°Ce] ol A 549 TL glow
curves YERMNSI AL, AP S718E F 31 peak in-
tensityd] =o)7} F71elo] H|ZAFTEY W3S 2po] S g
WAk 3 A FALS Ea) TL ratioS v 23k 23} Table
3ol A 9} o] M ZAT 0 kGydl A& 0.0482 0.1 ©]3+<]
3o TL ratio 3tS RAAFY 1, ZAT 5, 10 kGydl A=
747} 0.335, 0.538%= 0.1 o] %2 TL ratio #k5 YER
o] TL #4HE& o] &3l 7t ZAF o f-5 3T

ATt

ESR &4 & WA A} Al Q1AM ofl|A] d5-7F 24
Ae%s eIANA BEE ooy Huzs S48 W
oz, g& Wl na) Al &8s 74 Fan e
AL AlEsHA S48 5 gl dAdol ATh@8). AFEE A

(Unit: photon counts)

Irradiation dose (kGy)

Sampl
ample 0

5 10

Teucrium veronicoides 323.00+31.48 (— )al)z)

219,605.00£15,995.15 (+)°

125,022.00+18,992.39 (+)°

UThreshold value: T,=700, T,=5,000, (—)<T\, T\<(M)>T>, (+)>T». +, positive, irradiated; —, negative, non-irradiated; M, intermediated.
?Mean+standard deviation (n=3). Means with different letters (a-c) are significantly different at P<0.05 by Duncan’s multiple range

test.
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Table 3. TL ratios (TLi/TL,) of minerals separated from irradiated Teucrium veronicoides

Irradiation dose (kGy)

TL glow 0 5 10
TL," (nC) 88.775+73.716" 900.150+138.805 1829.5000.707
TL,” (nC) 1,733.150+730.371 2,688.050+738.149 3,402.050+123.814
TL ratio” 0.048:0.024 0.335+0.149 0.538+0.020

])Inte rated TL1 intensity at 150~250°C. Integrated TL, intensity at 150~250°C.
g y g y

TLy/TL,. “Meantstandard deviation (n=2).
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g 84 F e

whewl BSR $AMS o §3k] A} of 0
maker radical> AEZ 22 F9 ozt
sugar 219 multicomponent signal, ™ @1 <] hydroxy
apatite radical® A3} ¢ 2™ (20), maker radical &
ol wet SA 28 opdet A4 At Gk ¢ 9l
o 22 A&9] maker radical F& & &Qlsle] A5 of
BHCH(29). B A Ttol] AlEE Zako] Ao MGHo] W 2

, crystalline

2 g B4R A2~ fo9 g 2418 B3
ZA} 3 g9le] 7hed Ao PElon, ESR 4

ZA 3= Fig. 29} Table 49 YERNAT. ESRS o] &3 A&
OB FHE BT WAL A ARAA ekt
FAR AE AHAAP R LEREAP YA =
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vha AL FEEA S A Eq
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Fig. 2. Typical ESR spectra of irradiated Teucrium veronicoides
at different doses using gamma-ray radiation sources. A: 0 kGy,
B: 5 kGy, C: 10 kGy.
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Table 4. ESR signal parameter’ of radiation-induced radicals from irradiated Teucrium veronicoides

Irradiation dose (kGy)

ESR parameter

0 5 10
go 2.0060+0.0004 2.0062+0.0003 2.00660.0002
g1 - 2.0238+0.0006 2.0237+0.0002
g2 - 1.9878+0.0016 1.9857+0.0012

1)g-value=[71.448><micr0wave frequency (GHz)])/ magnetic field (mT).

Zt

)

M ZAFK 2|7} Z5E9| total phenolics &0 O|X|=

[=]
g

oo

Phenolic hydroxy”7]& 714+ WS 315Eo] 43l
A5d B2 AEAdd 98 #2239 23 gARHERA &
Wi g AgEztel Atste JAS 7HA A Qlo] A st
o] A1 5 3Rl Ak wh3& A AATH3D). Ak =
AP ol me)l Ae]gAdel #eIsk total phenolics 5%
FE&S Hlastr] Y3 BIFRANT 0 kGyet AT 10 kGyE
©o]-§-3}4] total phenolics 3#& &latqltt. 2% 4ol
&3] 8 AA e FalstA e R 23 eSS
AFE-3% 21, total phenolics 5% F&2 Hlwsl7] ¢ 8l
theFgt 5= oeh&S o] &3t FE3I3itt. L A7 Fig.
33 o] 5 H ek FEE BT H| AN 0 kGyRET
ZAE 10 kGyell A B =2 total phenolics &3S YER
7rebd ZA A gl whgl total phenolics®] F& 89)
FOEE AES F1E & AT 53] dEs FEE]
T, HZAME 0 kGySF Z2AMFE 10 kGy B 50% of gk
A Z+zZy 4.7 mg/g, 8.1 mg/gl.E 7P =& total phenolics
gheFS olsk = 9t Kim 5(32)2] 7oA zAA 23k
HA ] ol ghs FE=S AP met 10 kGyol A4 30.4
mg/g o & B AT ETE =2 total phenolics %S L}E}
Wele, Khattak $(33)& Nigella sativa seedol] IL&x}
FTgA e dFrFE o2 =43 total phenolicse] Zvhal
A A 2 Q1] A3jte] 33 H o] total phenolicsd] &%
o] F7kgltiar Baiste] & AT A} FARe AEks gl
sk = ATk wEbA B AT ATE nfg o kel )

o

fl

2

o,

10 L D0kGy m10kGy

Content of phenolics (mg/g)

0 10 20 30 40 50 60 70 80 90 100
Concentration of ethanol (%)

Fig. 3. Effect of ethanol concentration on total phenolics of ex-
tracts from irradiated Teucrium veronicoides. Meantstandard
deviation (n=3). Means with different letters (a-i) above the bars
are significantly different at P<0.05 by Duncan’s multiple range
test.

A A e AE|grde] WskE Hlal AESE] 913
H|ZAME 0 kGy9b AT 10 kGyE Yo ol F Ag S
Agstgd o, 714 =& total phenolics S e
50% &g FEEY 45 FEES 474 50~200 ng/mL

phenolics 52 %XA3lo] A3t}

ZOM ZAPX 2|0 WE 2t TES2| eitst &5 HEl
H|

Anbd 2AMAE O] W aksl %S vlashy] 95
DPPH @tz A8 a3, ABTS 2oz A& &3}, PF,
TBARS Adl &35 F4313lth. DPPHE <t
2 784 ikt B gatsleE s &5y ¢15hd
AFEE | 3kl Ego] DPPHE DPPHHE 344714
T3t A ®ok34). 23] DPPH #Hu)Z A8 &
B}E A3 A Fig 4A)9F Zo] 4 FEFE 50~200
pg/mL phenolics XA B]ZAE 0 kGye 76.03~
84.59%, A 10 kGyE 76.87~87.77%<) A ai&< 1}
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Fig. 4. Antioxidant activity of extracts from irradiated Teucrium veronicoides. A: DPPH radical inhibitory activities of hot-water
extract. B: DPPH radical inhibitory activities of 50% ethanol extract. C: ABTS radical scavenging activities of hot-water extract.
D: ABTS radical scavenging activities of 50% ethanol extract. E: Antioxidant protection factor (PF) activities of hot-water extract.
F: Antioxidant protection factor (PF) activities of 50% ethanol extract. G: TBARS inhibitory activities of hot-water extract. H:
TBARS inhibitory activities of 50% ethanol extract. Mean+standard deviation (n=6). Means with different letters (a-c) above the
bars are significantly different at P<0.05 by Duncan’s multiple range test.
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