Hes/ERs(Korean edicinal Crop Sci. - rint
FREEERE (K J. Medi 1 Crop Sci.) 24(3): 191 — 197 (2016) ISSN(Print)  1225-9306
ISSN(Online) 2288-0186 check\e\

http://www.medicinalcrop.org e
http://dx.doi.org/10.7783/KIMCS.2016.24.3.191

082 2| &E Lauidol de|gd #Hst
HEZ+l . M2Fwxl . SX|5]|*** - O|Rf2* « ZLbZE* « F[MZbwwswsk o QU] wskskier o X0 st

HES
*Gotol 7|2k el g R, Frlola st okg-Al B, wrarkslr) st A EARl st
HAAAT O EH'O‘]—‘_! lx:/\guﬂ)\]_caa]-_,,]_ *k ***7(]—%1;]]65/_ Aok} 7Y wk-ska}

Biological Activity of Panax ginseng C. A. Meyer Culture Roots
Fermented with Microorganisms

Chul Joong Kim*', Eun Soo Seong**', Ji Hye Yoo***, Jae Geun Lee*, Nam Jun Kim*,
Seon Kang Choi****, Jung Dae Lim***** and Chang Yeon Yu***'

*Hwajin Cosmetics, Hongcheon 25142, Korea.

**Department of Medicinal Plant, Suwon Women's University, Suwon 16632, Korea.
***Department of Bio-Resource Sciences, Kangwon National University, Chuncheon 24341, Korea.
***¥*Department of Agricultural Life Sciences, Kangwon National University, Chuncheon 24341, Korea.
**x%%Department of Herbal Medicine Resource, Kangwon National University, Samcheok 25949, Korea.

ABSTRACT

Background: This study examined the use of new bio-materials with enhanced value and functionality, which were derived from
fermented wild ginseng cultures.

Methods and Results: To examine the antioxidant activity associated with biological functions, radical scavenging analyses (2,2-
diphenyl-1-picrylhydrazyl, DPPH and 2,2'-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid, ABTS) and superoxide dismutase
(SOD)-like activity analyses were conducted. Furthermore, the total phenolic and flavonoid contents of wild ginseng fermented with
microorganisms (Leuconostoc mesenteroides, Bacillus circulans, Bacillus licheniformis and B. subtilis subsp. inaquosorum) were
evaluated to determine the antioxidant activity increment. Regarding ginseng fermented with B. licheniformis, values of
70.6 £ 1.4%, 44.3 £ 1.7%, and 88.4 £ 1.3% were measured using DPPH, ABTS, and SOD-like antioxdiant activity analyses, respec-
tively. The total phenolic content in ginseng fermented with B. licheniformis was 184.5 £ 0.9 ug - GAE/m{, and the total flavonoid
contents was 108.5 + 1.8 xg - QE/ml in ginseng fermented with L. mesenteroides.

Conclusions: Of the four types of lactic acid bacteria examined, the use of B. licheniformis to ferment ginseng resulted in greatest
increase in antioxidant activity. Therefore, ginseng fermented by microorganisms might be used to produce functional bio-materials.
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Moo T, A7l QM AW Ame] A o]§¥T AT
(Nam et al.,, 2012). 2L} 2bato] Ajakako] A3 7FA o] H]
ARARS. =2 )] Ssks TR 2Eo 24 9l (Panax W7 WRe] AHel Lo B ofFSo] Qi Ao

ginseng C. A. Meyer)°©] oRAJolx] zd¥ oz ‘%}0}6}04 A7 gdHA Yo} (Kim et al, 2012). 2He I, &, ¢, 71
8k ARS @t} (Shin et al, 2001). &0l e < A1A A3t o ES'Jr’QO]"’, 7}z Aoy okt AXAL &
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ATt (Shin, 2001).

Ahke] AjgkA Ak a7t Bl EAR Qla] AEEer 7]
He AR es & A=E7] (bioreactor)E ©]
|3 Aol i 54 7lse] WEEHAT il
o] EgS2Ale 42Ht BelE 1.0mg £ 24-dichorophenoxyacetic
acid (2,4-D)2} 1.0mg/ £ kinetineS 3718t Murashige and
Skoog (MS) HiAoll HEst] AHEE Fedh F, 5mg/l
indole-3-butyric acid (IBA)7} 37}l Schenk and Hildebrandt
(SH) WiA7} &3] BERR71E o83t 2t 42 AAtol
7Fs3IATE (Lee, 2007). ol#gh AEFS 7o = wjde AF
2R F323 2% FAo|aL, Sl fEE42] ginsenoside
=2 Zo2 BIHAT} (Shin ef al., 2010). 2Ht
Hjokz e <labwl mlwaslA AFEW 2 Rh2, Rg3, Rbl, Rhl,
Rgl, Rg2, Re, Rf & thgeh S o Bo] st 3l
A 3RS 7715 dEE o] &HA Ut (Park er
al., 2012).
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(Koh and Kim, 2008). "] & &ge] o842 GRAS
(Generally Recognized as Safe)Z Q1AW= 21F U tjAdE
< Ol s A AEAkes B 9 Ze, s g
o] ¥t} (Jang et al, 2012). U] A5, i) e AE
Fe Qo= A, AEA 7 Qlate] FEdl 4 nES
HEAZ e 7 odst A S A7 itk
(Park et al, 2006). && 42 ginsenosides”t AUl VA&
Z AR %, compound K FENZ Ao S<rEo] Fa4
o] A A S Eole 71548 &A= /EE AT (Akao
et al., 1998). Aspergillus sp. Y& ®X dARIE o]-&3 <4t
URERRE FUeR], X T2 A, ksl aAEF
2 dg AN Fo 237 HHAT (Kim er al, 2010,
2011; Jeon et al., 2011). FJAYES o]&3l wg sjdo] 24
o] 7164 A Aol EYEHA AbEdo] S - Al
Fo] ool Fi=EAL ATk (Kim, 2009).

A A hydroxy radical (‘OH), singlet oxygen
(0y) 22 SANAREL AATe] XS FIsIAIA A2
HAAZI =M FA4 B8, Alxxes), 873}, I,
=5, & 5 AWS FINTIEE, o]y gh AAWe] A
7 (free radical)®] A/3S SAIsh= Zlo] AR} X
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% 22-diphenyl-1-picrylhydrazyl (DPPH) 41, 2,2’-azino-
bis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS) 4], o}d
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olF flste] YAH O R 7154 A FXlo o &E= mAE
ol f-2kt (Leuconostoc mesenteroides, Bacillus circulans,
Bacillus licheniformis, Bacillus subtilis subsp. inaquosorum)

2 olgalel A@algrh. ol WFE AL A Welx
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Apeae] RS o8l WA F vl e
9] Fol g A3t

W 9
1. MZAR

Aol ARSE HEREE FolM AFT 3592 S HIEF
ks FAlE = 7IHESS Stk S/ 14, SH
(Schenk and Hildebrandt, 1972; Duchefa Biochemie, Haarlem,
Netherlands) medium 3mg/ £, sucrose 30g/ ¢, indole-3-
butyric acid (IBA, Duchefa Biochemie, Haarlem, Netherlands)
2mg/ 4 2/ wR|el plant agar (Duchefa Biochemie, Haarlem,
Netherlands) 10 g/ £ & ©]-&-3t] ThEoX] AR o] FA gk

Abks o 2 Yol BAeS s, fEE BEES
250 ¢ AZFEEAIe] 05-1.0cm 2 A} HESL] vk

==
o
A F, BTz &4 7t g AR F AR

2 ARSI

2. SARF
SHRAALIHBAE (KACC)PIA a3 Fadd
Leuconostoc mesenteroides (KACC 15744), Bacillus circulans

A=} [e)
Tooh?:]_-t

(KACC 15822), Bacillus licheniformis (KACC 15823),
Bacillus subtilis subsp. inaquosorum (KACC 17047y ©]-8-3}t
3L, L. mesenteroides, B. circulans, B. licheniformis, B.

subtilis subsp. inaquosorun= MB cell R2A broth (Kisanbio
Co., Seoul, Korea, 0.5g/{ yeast extract, 0.5g/{ proteose
peptone, 0.5¢g/ £ casamino acid, 0.5g/£ dextrose, 0.5g/ 4
soluble starch, 0.3 g/£ dipotassium phosphate, 0.05g/ ¢
magnesium sulfate, 0.3 g/ £ sodium pyruvate, pH 7.2) 8J<]
o viFslitt. olE mAELS 30TCA] uidsie] Ao Al
gskict

3. OMZ 0|2 A= Y
cbld wa s A AA 20 g2 250 ml S
ghx3ol Yo & 2477F F<F OD 3k 2.3-24% 30TColA



)3t L. mesenteroides, B. circulans, B. licheniformis,
B. subtilis subsp. inaquosorum 7t 45 QAR L} T
718k 130 rpm, 30Tl 5471

g 3k Th.
4. NZ F&
A& F52 Kim 5 (20080 o=l AA] € WHE Hd
slod T A8 5U7F BAAZRE T uRAPLRS: o]
83 A 225t 70% MeOH £uj2 347 ALoa]

% o3ste] ZYE= (SB1200, EYELA, Tokyo
Rikakikai Co., Tokyo, Japan)e A5t &xsHl 53
H ZE2=39 100% MeOH €& Y3 Alge} fnj7} 2
AY W7 vortexinggh § 1557 221 FE38ITE o] F
4,000rpm (HETTICH UNIVERSAL 32R, DJB Labcare
Ltd., Buckinghamshire, England)o|A] 1027} 9AEEE St

T FEAE Fat] 02 m FE filteringsl, $F § %=
& 950 AR FE SR ARSI

5. DPPH radical 271 &M

DPPH radical £~7] &2 Blois (1958)°1 2Jaf] A€ Hh
< Hsle] 248t Al 100 49 02mM DPPH 100 /4
(Sigma-Aldrich, St. Louis, MO, USA)S &gslo] 42, oz

ZollA 30%7F ®ESAIZL F, UV-VIS  spectrophotometer
(Multiskan FC  Microplate  Photometer, Thermo  Fisher

Scientific Inc., Waltham, MA, USA)S ©|-&-3}¢] 517 nm ol 4]
T3S 2483tk 2 A& #5522 DPPH radical 227 &
/32 thz<tell th$k DPPH radical 227 LRSI
3, A A FPUNZRTO Z= ascorbic acid (Amresco LLC,

Solon, OH, USA)E AM&-3IiT).

-O A=)
oo UEEE

DPPH radical Absorbance value of sample
scavenging =1- x 100
activity (%) Absorbance value of control

6. ABTS radical &M &d

ABTS radical 227 848 o83t gAikst &4 Re &
1999yl <J3ll AA]El ABTS™ radical cation assay *H-<
gl =439t 7mM ABTS (Sigma-Aldrich, St. Louis,
MO, USA)2} 245mM potassium persulfate  (Daejung
Chemical and Metal Co., Ltd., Siheung, Korea)E 1:1 H]
&8 Tote] A2 daelM 2447F WA F radicals ¥
AJA17)aL, UV-VIS spectrophotometerS ©]-8-310] 732 nm oj|A]
F4% ko] 0.70+0.02°] =Al phosphate buffer saline
(PBS, pH 7.4)% 3A35+ &, 3484 990 ph ol A& 10 20
g 7hle] 1027 W17l § 3= E S48t 7 AR
FZ5°] ABTS radical 2271 4L thz2o] gk ABTS

(o)

22
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radical 2715S YEEE YEMISZ &A &4 PduzS
S 2= ascorbic acidE ARE-3FAT)

ABTS radical Absorbance value of sample
scavenging =1- x 100
activity (%) Absorbance value of control

7. SOD 5tAI =+

SOD fAF €442 Marklund®} Marklund (1974)0l <& A
Al S HYst] SASITE AR 40 L9l Tris-HCI
buffer (50mM Tris+10mM EDTA, pH 8.5) 200 /£ <}
7.2mM pyrogallol (Sigma-Aldrich, St. Louis, MO, USA)
100 7v3ke] 25Col A 1087 WHS-A1713, 1M HCI
(Wako, Osaka, Japan) 10 & 78l wkg-S GA|3F 3,
UV-VIS spectrophotometers ©]-&-3te] 420 ol FF=&
Z3IATE 24+ A8 FEES] SOD A 442 tizwtd ol
st SOD fAF A4S RS2 eI &A &4 3l
ZFO 2= ascorbic acidE AME-SIATH

SOD-like —1_ Absorbance value of sample « 100
activity (%) B Absorbance value of control
8. 3 U= g

Z dE FFE Taga T (19840 s 2 AE Folin-
Ciocalteu "'H-& W@ ste] S48t A& 13 /4 (10 mg/mb)

o] Folin-Ciocalteu reagent (Sigma-Aldrich, St. Louis, MO,
USA) 25 05 7Fete] 5371 Zd=2olx 83) sttt 20%
sodium carbonate (Junsei Chemical Co., Ltd., Tokyo, Japan)
200 0 5 7Fskal 30Tl 3027 ¥HAIZL F, UV-VIS
spectrophotometerS: ¢854 725 nmol|A =S S43IAT
2 0|E o

% Z#H ol S Moreno 5 (2000)2] HHAS HE
st ZAstth A8 10040 (10 mg/ml)o] 80% EtOH
(Daejung Chemical and Metal Co., Ltd., Siheung, Korea)
900 (& E33le] 3143 AR 500 b ol 10% aluminium
nitrate  (Junsei Chemical Co., Ltd.,, Tokyo, Japan) 100 /4,
1M potassium acetate (Junsei Chemical Co., Ltd., Tokyo,
Japan) 100 /4, 80% FEtOH 43mlE 2HH = 7}l 405-7F

9.

Opt

=

a

oA HkEAIZl 3 415 m oA FEEE S7g3IT)

10. SAIXE
FAIAE+= Statistical analysis system (SAS 9.2, SAS
Institute Inc., Cary, NC, USA)S ©]&3}o] Duncan’s
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Wik e} A Y<2e] DPPH radical 274 /9%
o] AAAAZS SAS program©E A8+ Az} Fig. 10141¢}
o) de] I E= ZeR vehgth chehil gt A
ug Abajek2 A2 Te] DPPH free radical 2:7]

¢

o]

e ml
o

o]

o

[ 0.1 ns/me 0.5 ng/nt 5 1 ng/mt

100 - 0.025 na/m?

DPPH radical scavenging activity (%)

Lm+BCGR

Fig. 1. DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging
activity of fermented BCGR (bioreactor cultured ginseng
roots) using microorganisms. Mean values from triplicate
sef)arated experiments are shown. *Means within a column
followed by the same letter are not significantly different
based on the DMRT (p < 0.05). Lm; L. mesenteroides,
Bc; B. circulans, Bl; B. /iocheniformis, Bs; B. subtilis subsp.
inaquosorum, Aa; Ascorbic acid. Sample concentration
were 0.1, 0.5, 1 mg/ml and ascorbic acid was used
positive control (concentration were 0.0001, 0.012,
0.025 mg/ml).

Bc+BCGR BI+BCGR Bs+BCGR BCGR Aa

B 0.1 ng/me 0.5 ng/mt =5 1 ng/me

ABTS radical scavenging activity (%)

Lm+BCGR

Fig. 2. ABTS (2,2"-azino-bis-3-ethylbenzothiazoline-6-sulfonic
acid) radical scavenging activity of fermented BCGR
(bioreactor cultured ginseng roots) using microorganisms.
Mean values from triplicate separated experiments are
shown. *Means within a column followed by the same
letter are not significantly different based on the DMRT (p
<0.05). Lm; L. mesenteroides, Bc; B. circulans, Bl; B.
licheniformis, Bs; B. subtilis subsp. inaquosorum, Aa;
Ascorbic acid. Sample concentration were 0.1, 0.5,
1 mg/m¢ and ascorbic acid was used positive control
(concentration were 0.0001, 0.005, 0.07 mg/mf).

Bc+BCGR

BI+BCGR

Bs+BCGR BCGR Aa

- A6 - OIxiZ -

etz - Al

5o - FE

e 1 mgml F=oM B. licheniformis7t 70.6 +1.4%Z 7}t
= S Yo, L. mesenteroides 47.1 +1.2%,
B. circulans 40.1 £1.9%, B. subtilis subsp.
39.0+02%, ARl 323+24% =02 UENTH (Fig
1). AR, AteE 2 QI =5E<] DPPH radical &2AEH3 H]
TATFANE oMol 16.7myml 24 7P vk alalss

inaquosorum

UERATH (Jang et al, 2008). HE <4}t FE2EE Pials
AFNME I mgml FENA] 33.98-48.68% HEo TS

Uehd 2oz BuEATh (Doh er al, 2010). ARt wjE=
FE2EY] FE7F F7R wE A 3o 54 A
22l SV YEigiEd), ol 2 A7dFelM = ol9) &
ARgE B oEA A FUHE Hole R IRIFUT
(Park et al, 2012).

2. ABTS radical 2~2H &t
Wi gt Ao ABTS radical 47 /9%
o] AAAAE SAS programSZ H-23F A3} Fig, 2049}
o] fejio] QI HE AoRE et ARl mA
olgE b= AEFe] ABTS radical &7 &
S 1mgml F=NM B. licheniformis7} 443 +1.7%=% 7}
=2 B4 YeEMAOH, L. mesenteroides 42.4 +1.1%,
B. subtilis subsp. inaquosorum 403 £2.5%, B. circulans
37.5+£2.3% AR 33.0 £1.3% o2 Yepsith At
I Aeate] FEEL AkstEe] ABTS &% WS o8
st 243 Axt RIS (Joung et al, 2010). ©] E
JME & Hue dEE FEECA O 52 PAsES
YERHSIT. = AR T it FE20lA ABTS &7
o] o =2 ZoF HIFRN, o= Jang 5 (2008)°]
AFdAet dAJske Ao yehsth 2 A4 DPPHS}
ABTS 275 el o3k A1E71e] gilslks xlole ME =
A kO, B licheniformisz W EE Aol -9 DPPHO
AMe =2 PdsteS B, ABTSA= DPPH ZAxke}
Hmalel the we absiso ZAE oleie Avke
ABTS7 4481 52d0] Soldom wrgste] venlAw,
DPPHE U H& &2k e] kg ol efke] zlols
Hol o= AlgHt}.

oX, M my

o

3. SOD 57AF 2

AV A ol WE ARhIeRE A2)Te] SOD
AL SAS program@Z H443F A3} Fig. 394} 2+
o freliel AFHE Ao LrERdrh 10 mgnt FEN B
licheniformis?} 88.4+13%% 7P ¥ 4 Yehjiglon,
L. mesenteroides 71.0 £3.6%, B. subtilis subsp. inaquosorum
68.8+2.1%, B. circulans 52.7+2.5%, AHl Y 49.9 +£2.6%
To 2 UBiTH (Fig 3). o] 22 Ade =ikt waidy]
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[ 0.5 ng/me g/t E= 10 ng/mt

SOD-like activity (%)

Lm+BCGR

Bc+BCGR BI+BCGR Bs+BCGR BCGR

Fig. 3. SOD-like activity of fermented BCGR (bioreactor
cultured ginseng roots) using microorganisms. Mean
values from triplicate separated experiments are shown.
*Means within a column followed by the same letter are
not significantly different based on the DMRT (p < 0.05).
Lm; L. mesenteroides, Bc; B. circulans, Bl; B. licheniformis,
Bs; B. subtilis subsp. inaquosorum, Aa; Ascorbic acid.
Sample concentration were 0.5, 1, 10 mg/m¢ and ascorbic
acid was used positive control (concentration were
0.0001, 0.005, 0.01 mg/me).

al., 2010).
Aol 7M=& HEAEA TR 2047% AER eSS
o, 2 Aol wa g 84 FHE olhn o =

=eB0|E a2t Hlw M

= rAE olg EE ARhgE AT F
SteF2 B. licheniformisZ DA A 7] 2Htoll A 1845
09 g+ GAEML 2 7P =& S Ueplislt. slsshd
S &A= L. mesenteroides (176.5 +3.0 g - GAE/mY),
B. circulans (167.7+0.6 1g+ GAE/M), B. subtilis subsp.
inaquosorum (160.8 +0.2 /g - GAE/mL) |} 7ro] A=At}
2T ARl TS 564 £4.2 g - GAE/ML 2 2 E|o)A],
frAto 2 Al AMtET & s fhe] dAs] @
& ZAoF e (Table 1). AMbidat 2@ A
29 F ZPHwolt SFEF Xo|= L. mesenteroidesol A
1085+18 - QEML = 7HE E& S Yefilen,
Bacillus  subtilis subsp. inaquosorum 101.5+2.9 1 - QE/md,
B. circulans 763+0.7 g+ QE/ML, B. licheniformis 72.8
+2.7 1« QE/m, Al 17.1£1.3 g QE/ml =0 2 e}
STt

ztolH, o] s dlsl o] Erar
(Duval and Shetty, 2001). H=A 313HE-S 329
2, A 9 ksl 2H8-S st AU radicalZHE 2A S

=
s3te] A E8498 Zol= Ao A Ut (Lee e
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Table 1. Total phenolic and flavonoid contents of BCCR" fermented
using microorganisms.

Total phenolics  Total flavonoids

(ug - GAE?/ml) (g - QEY/me)
L. mesenteroides + BCGR 176.5 + 3.0° 108.5 + 1.8
B. circulans + BCGR 167.7 £ 0.6° 76.3 £0.7¢
B. licheniformis + BCGR 184.5 £ 0.9 72.8+2.7¢
B. Subtilis d b
subsp. inaquosorum + BCGR 160.8 +0.2 101.5+2.9
BCCR 56.4 + 4.2¢ 171 +1.3¢

Mean values + SD from triplicate separated experiments are shown.
*Means within a column followed by the same letter are not
significant based on the DMRT (p < 0.05). "BCGR; Bioreactor
cultured ginseng roots, ?GAE; Gallic acid equivalent, *QE; Quercetin
equivalent. Each value is mean * standard deviation of three
replicate tests.

al., 2005). Lee (2014y= AU4e] 4. oryzaedt S. cerevisiaeS
olsle] QIAERE A2 A 39 5, 79 wRVIII] S
7= F vlE do] Ao 14337 mgml7kA] YERdTia B
3L, 2 AFdME BEAEE Sl T odlE ol
184.5+0.9 /g - GAE/mL AE71A] Z7lehs AL FRlsiy).
ol WE 5 gl wahA F s FFY xol7t veht
= ZoE AlgHEH, WETo] ddo] bk T @l
= I SH Fas aglo 2 oJAZIY,
ZZdHol=ERE 3tz wEt flavonols, flavones,
catechins, isoflavones 522 TEE Y, E3} ofek2d]] thst &
=7t e AES T e
ol ETHo|ERE F2H ol s AF A
22 Asisrd @ IS vXe sleE dEiA Aok
(Middleton and Kandaswami, 1994). Lee % (2004)°] X3l
g Qlipele wiate] F EeslE el 0.61 -4.46 mg/gel
2t BISIRE], ol Wl ARt wid FEEL] 5 Z9

R

polyphenolic substance®]T}.
A

<

= e 9 =2 FXE YEY (Park et al, 2009). 3k
ARE, Ao 9 ArAze) vt E o, @5
o 52 FEFE velle AR AHAT 579, L

mesenteroidesS} B. subtilis subsp. inaquosorum= g 7]
gk A g 2= A9 B 100 48 QE/ME o)Fe] &
SehE o= o]l S4E ZOR Hof, o] £ VA v=

o g2 nAEgE g2 £ ZglHwol= kS ol:=
8% gL gke dFE AlEdn

eSS ol &d MaTHE F vlud F SRR olE
FE SINE T dubigae] it 848 S
o, Akt wjdzel 7154 e FshE 5 3l
= 9HQ TRt AR H2 AT A=

Bacillus 482
35.67 - 46.37%, =

g st AR Gujor] E HE TS
Zg R o)t S 12.34-2597% Z7}



2EE - 24 - KRS - ORI - U - A - R - Rk
3193 (Kang et al, 2011), Lactobacillus w+° 23+ #aH Korean traditional fermented foods. The Korean Journal of
YoM = & mlE 198, = Zelcol= 33u) Z7bE B Mycology. 40:164-173.

7} 9} (Jung et al., 2012).

B AT Azl we}, AFA g0l AMEE mAE 7 o))
Aol sty S il Abahulofell
UL QI E o], Ak =e] 7154 Al ATl F

Q3% @47t € 5 e o= Jodd, T3 o3l J)n
Aol =& mAE o]g whg Ak e 27 Fgo] 7}
IR, NEMy, AV eAE 2 E 5o dE= o
FsHl oled F US o= AlsELh
ZAKR] =
B ATE ARSI R} =71 1Ed AAEE
ARSI FAA S R0004026)2] Aol o]8) o] Foixl

AF=Z olo] TA=HUT
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