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Analysis and comparison of bioactive compounds and total antioxidant
capabilities of Korean brown algae

Chae-Hyeon Lee', Ye Na Park', and Sang Gil Lee"*
'Department of Food Science and Nutrition, Pukyong National University

Abstract The inconsistent methods of harvest, identification, and preparation of brown algae samples make it difficult to
compare the results of certain measurements across different studies, such as total phenolic contents (TPC), total flavonoid
contents (TFC), and total antioxidant capacities (TAC). Therefore, this study aims to systematically measure and compare
TPC, TFC, and TAC in 10 types of standardized brown algae extracts provided by the Bio-Resource Information System
of Korea. Among the ten brown algae extracts, Ishige foliacea exhibited the highest levels of TPC and TAC, followed by
Sargassum nigrifolium. TAC was measured by the following four assays: ABTS, DPPH, superoxide radical scavenging
activities, and ferric reducing antioxidant power. TAC was found to be positively correlated with TPC (p<0.05) but not
TFC, indicating that Ishige foliacea and Sargassum nigrifolium have potential use as marine antioxidative food material.

Keywords: brown algae, total phenolic contents, total antioxidant capacities, Sargassum nigrifolium, Ishige foliacea

M B

| Foll A AMAsk= Al ZF(macroalgae)?] 3 ZF (seaweed)y=
AN 7hsek A SEAL SR vl St Tl E YA
AES Dol GAE] A ZF(microalgae)= thEA {9t
o= AFAS A, Aehks vtk Zolek M| Ao wlet
=ZF(green algae), ZZF(brown algae), X5 (red algae)Z L}
i Zzke] 4 AielME ApolE BolthKumar 5, 2011;
Lee, 2013). slZf+= d&o] Hal Ao, Hlgwl, #7134, 7
U 5ol FH3H, FE2E|o]=(carotenoid), THA, A
2 8l E8 3= (polyphenol) 22 AEBA=EE TSt 3L
(Chandini %, 2008; Jeon %, 2012). -2lugtilM = 4tE 222
A Mg=E HHAskE ARSI dEPon, tAvL £, B
A T oFE 2 F S Fall AFEH ek Moont
Kim, 1999).

[}

A AA SF 1,500%0] TA=NeH, d=
132 Aok X tHMekini¢ 5,
Fe 8o Z A Hole =7
2 Z77HA - teFsitk(Shin 5, 2014).
coidan, laminaran, alginic acid & T'dF 2 E2|Hs
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A TH(Shin 5, 2014).
, Aks], 3,
aHR
(Proestos?} Varzakas, 2017). 53] o SAAE
I tZ2A E22FFA]E[phloroglucinol (1,3,5-trihydroxybenzene)]
< 7|8 722 k= FE 28 (phlorotannin)o|E= H53§ &
2l 27 tAkkES ekl Sltk(Ferreres &, 2012). S22
B RE bsteEs 28 Yopdsth SELHE AHe) 7 B
3, Ftoleix g 3hatE|gol, Y, dHE 83 5 3l
ohgst Al 7l stia
2005; Park 5, 2005).
Azl ek ATe
o] AAS 2

E T

29

9
| FHtHKim 5, 2006; Kim 5,
A AERY AFH, B, 2E 9 ¥
FZ WY 5ol B 7R AEe £

o] AFAFe] & JFE VXM (Park T, 2008), AERF
AEY B4 v ATE 7H AT BYX Y Yllo] Holst
L 58], A7 1] BdAE g AR F e

4xF/ FH F
S doF 7hsAel
Aok, AAZ, o)Al el (Ecklonia cava Kjellman)2} <3
(Ecklonia stolonifera Okamura)®] % 3% 2 ZH2}b 148.01£1.46
9 144.14+1 46 mg GAE/gO.2 §A1eH 24590} T aF
NHE 168387 3566 mg GAE/gO®E & 2o|2 HIUTHAN 5,
2010; Leed} Kim, 2015).

e A FAE A Y] A, blo] Qo X, o5&
F, 71584 F Y AR &S 9% B AE R
#5732 B dolEwle]ls AFRD s FEAY FRAS
©](Marine Bio-Resource Information System, MBRIS)S &4 &}
v SEfollA RSk thdE xR EEstE &
< AFANA EFHFL Ut 2HER, B

2L e 71X
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Al
B A¥ollA A}&-3} Folin-Ciocalteu’s phenol reagent, 2K gallic
acid),2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2'-azobis-(2-Amidino-
Propane)HCI (AAPH), #|ZA|%(quercetin), oFE4H}EH(NaNO,),
A3}LFr]E(AICL), nicotinamide adenine dinucleotide (NADH),
nitro blue tetrazolium (NBT), phenazine methosulfate (PMS)-
Sigma-Aldrich Co. (St. Louis, MO, USA)°lA Ftulslich. 2,2
Azino-Bis(3-ethylbenzRhiazoline-6-Sulfonic  acid)diammonium (ABTS),
3} (FeCly), 2,4,6-Tris(2-pyridyl)-s-triazine (TPTZ) 324U 2
(FeSO,)> Roche (Basel, Switzerland)oll A1 3t
UxR FES =]
Table 194 Hi= vle} ro] Do) =AM (Sargassum confusum),
Sl (Ishige foliacea), W09 & (Petalonia fascia), “HITH (Myelo-
phycus simplex), &=\ 12]wll (Scytosiphon lomentaria), 7 ="
(Scyvtosiphon  gracilis), S(Sargassum fusiforme), 73 TF7-& 2 Ak
(Sargassum muticum), 736 EAYSargassum  nigrifolium), BH15F
E(Petrospongium rugosum) 5 & 1059 ZZ2F+ lFAEAI
3 ARAIZ=Ee] F Yz EAM (Marine Bio-Resource Infor-
mation System)OZHE] FE2ES £ ol ARSI Y
< 7Axd IFE FH] Zdx2F MES Smgmle] FE7t T
=% 80% methanolE ©]-&-3st] =<9l F —20°Co] Hashy 4
g FEE 3AM3te] Al AR

HE

o

)

OBk

Eojm=s &E 3
% Zd¥E %2 Folin-Ciocalteu’s reagent -2 H 5l
=751 th(Koivikko 5, 2005). 96-well microplate®] Z} well®ll

w4 2 F ke v AT 55

UZ = 10, 30, 60, 100 g/
OpuLE ¥o] = 3% Folin-Ciocalteu’s

1 AL hl
reagent 10 pL, Z5=<(deionized water, DIW) 130 uL. % Na,CO,
100 L= 22 FH7lebar A2oA 90%7F ¥EEAIZl $- AMR-

100 rle]aE ZYo|E Z]H(AMR-100 microplate reader, Allsh-
eng, Hangzhou, China)E ©]-&3}9] 750 nmollA S3=E A3}
Atk 7o) AxF AEY F EFouE g2 24 2554
S o] &3to] HE(dried weight, dw) 1 g3 24t T (gallic acid
equivalent, GAE)°ll dl93sl= & ZelvlE & (mg GAE/g, dw)
o= Ak

& Zdl&¥:0|=(flavonoid) & =4

% ZPEwo)E TS Zhishen 5(1999)9] HH-L W3l
=319t} 96-well microplate®] Z} wellell 1000 ug/mlL F=Z
e 1059 22F AZ TE 10, 30, 60, 100 pg/mLe] A=
A F28Y 25 uLE ol ¥ F, 25 160 Lt 5% NaNoO,
7.5 uLE 718l AdellA] 5EZF vESAIFTE ©]F 10% AICL 7.5
uLE Frtsted 187F wAIZl & 1M F%2] NaOH 50 uLEs
A7tsle] & Eet 5 whola g FolE g ol83te 510
nmmollA FFEE A3 ol vlEA| S (blank sample)E X
TFE AR, 7] ZAxF AEe F Fehiicols g
AZAE FFE3ME o83l A5 1 gd A=A FH(quercetin
equivalent, QE)°l dFste & ZelRol= &3 mg QF/g, dw)
o2 Akt

N

DPPH ElC|E 275 &3

AlE¢] DPPH 1z &A5S &3 F 38582 Blois?
WS g8-5le] =4 THBlois, 1958). DPPH 7.89 mg2 80%
methanol 200 mLo| =] 0.1 mM®] DPPH &tz {48 | %3
T 517 nmollA 0.740.059] SFE #el EHEZ 80% methanolS
ol43le] 3A3ltk. DPPH Uz 2A4% 4L AMZ 80%
methanol (FFEHA1E) 2 10, 30, 60, 100 pg/mLe] vitamin C ¥
4 5.9 DPPH €9 295 ulg £33 & 23°C LA 30

Table 1. Information of ten brown algae provided from the Marin Bio Resource Information System (MBRIS) in Korea

RsesourlceI\II\Iunlljber Scientific Name Korean Name Sampling Date Institution in Charge
ample Number

ﬁggg 1O 2020%33%2151 Sargassum confusum alssong-imojaban 2013.03.27 MBRIS
MBRBOOZITCI 23561 hige oiacea neolbpae 2014.06.27 MBRIS
MBRBOZ9TCONMOEI  Pelaoniasiscia saemiyeogsoe 20130201 MBRS
ﬁgls{(l)soozgzof%?ggéml Myelophycus simplex bawisuyeom 2014.06.27 MBRIS
ﬁgfs{(});)ozé) 4? ;)”lg)é?)gigEl Scytosiphon lomentaria jallog-igolimae 2013.02.03 MBRIS
MBRBOOMTCOSOEI  Sosihongracils  ganeunmiyeogsi 20130301 MBRIS
ﬁgls{(])goozgg)so%?gzom Sargassum fusiforme tos 2014.06.27 MBRIS
ﬁggggfggéggigm Sargassum muticum gyeongdanguseulmojaban 2013.01.27 MBRIS
MBRBOI24TCOM6EI  SeRessmnigrioliun  geomdungmojaban 20130202 MBRS
MR$002000049863 Petrospongium rugosum bawijuleum 2011.06.06 MBRIS

MBRBO0031TC13361E1




56 =2 E 388 x] A 52 WA 1 & (2020)

Ly t&oAl?iE}. TH=EE vlolAR ZH0)E HE o83t
517 nmellA S48k, 232/ 459 £ DPPH &tz &AL
vitamin C FF34E& o]&sle] 715 13 vitamin C FH(vita-
min C equivalent, VCE)°l| 393= % DPPH #tlZ 475 (mg
VCE/g, dw)o.2 AArstsith.

ABTS ZiC|gd a7is =3
Al89] ABTS itz &A% S 58 & i858 Re &
(1999)¢] Wi o g ZA33th 2712mg AAPH (1.0 mM)<9}
137.18 mg ABTS (2.5mM)S 100 mL PBSol| =<l ¥ E3HES
40w 5RE 80°Ce] FelM Zbdste] ABTS szt gole A=
ST 1%, 045 um nylon RS ARE-Ste] g - 734
nmol| 4] 0.65i0.059] E4% zlo] HE2 PBSE 0|88l 3|45}
ATt ABTS )z A% =4S 98l 96-well microplate®] z}
welloll 200 pg/mL FE2 343 2 5% AMZ PBS (HFEAIR)
TEE 10, 30, 60, 100 pg/mLe] vitamin C 5L} ABTS a}t}
|4 245 mLE EF3H 37°ClA 10 7L LS
#olE FAHE o]g-ste] 734 nmollA] F-2E

olo
-101‘
E
v
fu
e Y

2 AMEZo = ABTS ZHZ 275L vitamin C TZTAL o)
43l AE 1gd vitamin C = (vitamin C equivalent, VCE)
o sldshs & ABTS 2tz 475 (mg VCE/g, dw)o.2 A4t
skt

THFAO|E 02 2IC[E s &F

TS| 2 Fol2 gz ~ATE B3 T PisteEe
Zhang 5(2016)°] S WHsle] AME3ITh PMSE NADHE
ASAA EEAO|E Fol2 BitZg AAsiH, o] gitZo]
NBTE #HA1A Bt o] formazans A3t o] itsl=
12 FHSA|E Fol BHZS &718to], formazan®] 473
Al 2 AEE 560nm SHEE SHBH FHSA|E
ol itz AASE F8Y & vk AFE St 300 uM
NBT, 468 uM NADH 23 60 uM PMS stock &S 16 mM
Tris-HCl ¢+5-8-H(pH 8.0y ©]&3le] A3t ©]§ 50 pLe]
NBT®} NADH —28]% 200 ug/mLe] EAMF 222 i 80%
methanol (I Al&) 50 uLS 96-well microplateol| A &3Hsk &
PMS &S Frkete] A4 5iE Bkg &, mle]a® SHo|E
ZEE o83l 560 nmollA] FHEE Gl FHSAle=

u]o o X,

ol HJrd 75 (%) T 2ol Atsiith. frESALe]
E Fol2 T AT EE Ry qa— 8 E s Bl
o 12¥100.
gy &5

1059 Zx5F 9% (reducing power) 43 £3 & 333}
538 Benzie?} Strain (Benzie?} Strain, 1996)9] oz =4

5} Th FRAP assay= 3719 ferric tripyridyltriazine (Fe3'-TPTZ)
o] w2 pHellA &AilkstAlel] ozl ghel=o] 2719 HM ferrous
tripyridyl-triazine (Fe2*-TPTZ)7} A3/3E W] 593 nmol|X SE=&
Z7gete] ilslee s Z4shs A@olth. FRAP reagent= 40
mM HClo| €31t 10mM TPTZ 2mL%} 20 mM FeCl, 2mLE
20mL acetate buffer (300 mM, pH 3.6)°1 7}8F ¥ 24mL2
TPTZZ 7}t A|Z319c). A% FRAP reagente 37°C 3H&
Fxof|A HAEH ARSI 96-well microplatee]] 3]4E 105
o] ZAZF AZ 6uLE 200 uLe] FRAP Alefzt £33 37°Col|
A 4E7E w3 3 593 nmel N R EE ST 2R

e A AH (FeSO,) S FFEARE AME3N] 0.1, 02, 04,

|

0.6, 0.8, I mM2] FEZ FFI4S 24d3le] mM FeSO, equiv-
alent/g, dw= YERNATE

2|

AFL 33 v A, 2o wE 4 AR
B+ EF A X (mean+SD)E FAEIATH 2F AF 54—4 o4
2}o] = Graphpad 7.0 (Graphpad Software, San Diego, USA)<
0]-8-314] one-way ANOVAS} Turkey’s test AFE 7378 (p<0.05)0-2
Hlwstt. 8, & EPHs 3, £ SgEwolE ¥, 1
Y3 F Frsey e AFAAE ZAEI

correlation #2418 A&+

23] Pearson

Q
Hir
rlo
o
e M
E
o T
e
QL
S“e
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N
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it
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i
£
fu

82.64+3.59 mg GAE/g«] = Eﬂiﬂii S5
2 (Ishgeacease)?l| &1 Vet FFBISt 53] AlFEd]
Z A Ak 5o 7FY 8% E8juls AR octaphlo-
rethol ARX FEF, P, T B v T 5 ueke &
T2 7K ol EHA UthLee 5, 2013; Lee 5, 2016). ©]
il 03_ TolA 35%9] xR T 1789 dxF & Zude ¢
< vHsIRS o Yele i (Eisenia bicyclis) 2 YN (Ecklonia
cava)?] FE olo] F EE¥E o] 7MY =2 sRFE AT
=Rom 74624383 mg/e] F FEHlE TS 1104 %%W(Am
S, 2010). °]& & A7 FARE AFE HolFes AAR %
7t & EYdlE el 2 xR Ad dS io%'zr—‘i— 27401
ol ES 30F] ZAxXR, TX2F, S2FY T EFHs e
vlwel o A= I (Ishigelll £3h= ol (Ishige okamurae)
7 AA 3059 xF F AH TR w2 & EETHs ¢
EOL-E. iot]_o_i,yq JH_/.:O] 5H Z57 ]. =5 ./:s iﬂﬁ]i t‘ﬂ—ELQ. 2=h
&t xR 7158 ALYS 3%”" S THKIm &, 2016).
Nmezel & ZTulE FFo] 65.40+2.63 mg GAE/gSZ F
HAIE =9, AEREAES 4529+40.00 mg GAE/g= Al HAIZ
ZEdE o] B2 AR yeuth /w9y g E
s FAS o] Aol hexane®t dichloromethane F&E0l4]
methanol FE&°] H|3] O =2 5 ZFgdls TS HAFUS
™, monoterpenoid phenolZ|52] carvacrol®] 7HU]°3§49] essential
oil¢] 1/‘49] 6247%% AA LIS P_Oq—roi\:]-(Demlrel 5,
2009). gk oA AFoA] sfE]94] 2] dichloromethane FEE©]
I OJ”‘JEJ% Iy SdolM FHFEIUE vt RAES

o, ole Audde ZjsEe] dFol U Yehlle A
o|tHLim &, 2019). ¥ AFA HeRAe] 5 ZEdze] 3
2O 4529+0.00 mg GAE/g= ZA}Q 1059 427 5 Al 9
2 52 TS HAFYARE Aol o] AEEAR] F

EelE g oF 0.15mg GAE/g;— Hylow, o= & A7l
A Ao} mjg- Aold AFtolthKim 5, 2005). ol 50% olg
S o] &ste] 2A17F B A2olA] FE8 o] s gAAEAL
?ﬂ FHHEAIZHS 70% eSS ol“gﬂ X7 FE A F
Vi]J)r 027] o2 FaEnh B Aol gt sl
AZe] A4 9 FF A Aok EU] B Ay
% & Toll wet EHEe] FEE dFE v
3] H THKim %, 2006; Lee, 2013; Lim %, 2019; Mekini¢ %,
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Fig. 1. Total phenolic contents of 10 kinds of brown algae provided from the Marin Bio Resource Information System (MBRIS) in
Korea. Different letters on the bar charts indicate significant difference (p<0.05).
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Fig. 2. Total flavonoid contents of 10 kinds of brown algae provided from the Marin Bio Resource Information System (MBRIS) in
Korea. Different letters on the bar charts indicate significant difference (p<0.05).

2019). °ol& Tl EEIE AES o8& A= 24
o] slEF 715 A% 2l Aol Tagt aads & 4 gl
& E2ELol= &

Fig. 2014 B= we} 3lo] 10%9] 227 % W7 50.35+1.48

mg QE/ge 2 71 & ZElH kot S Jehfilen, vl
=0l 41.71x2.85mg QE/g & %Ei E;;——&— S B
Audalel A= vle 242 36.67+1.083) 35.31+3.57 mg QF/
g2 53 FFE THE 2R AAHUoH, RANF F
NME ASEA] 25074046 mg QEgoE 7P =& & =
gHwol= kRS WAt ©] 9] 552 409- 136mg QE/go & uj
T AL F EgEolE TS BAFh W, /ingy, A
Erzike = Zods o] =& 7L7\TE|.§ ZZRolE &
=7 vERsTh RN viglrd 3 AEaEne & E99
lr—g] ’csl—ako] XJ,O_oﬂr: =0 = _B}ELO]E ‘0‘]—‘1];9— Eoﬂu]. ]
= Ax2F 2= Jde Eus F ZThHi=ol=rt A8}
€ HIEo] Ael7}t S-S HofF= Aot AR ZEhEico]
== AE2F 3% olaks AA G dEFon, e ATl
M golrAe] F FejHlES 3444 mg GAE/gelL =4
QH(Sargassum yezoense, yamade)?] ¥ Zgl¥E 2 79.01 mg
GAE/gO]M__L]- Z ZElRyolE ke oy xaidle] 1531
mg/gl 2 IEAR] 12,74 mg/gth EUTHAhn 5, 2010). &
A Aol 9J3FH BAWE E(Sargassum sp.)e] EEH 0| ==

e

o 1.43%, FAL E(Padina sp)d] EHEE0|== oF 236% 4
T7b 2% B sl th(Muhammad 5, 2018b). AR o]
F AL Pz, dxfe] FPhnkolEe ZRAEF A (pros-
taglandiny E1F0] AFA| T35 RAFE FOoE YEHS
o, ol ZAxfFo FEpHol=rt Fa% 7S EHES] ol%
7Fs8E BT Aotk (Muhammad 5, 2018a).

o o=

o)

gtsksH

2 ATl [ 1059 FAitsse 432 DPPH 2tz
A%, ABTS a‘rﬁ]%} *7% TFHSAlO| = Jol2 |z 47
J)r 398 24711 = 47}}]94 23S 1359 2™ Table 2
of Jelith. & FitsksEod s 1059 2xF 5 walet
HFEAPe A E}E 8%} HlaLste] ‘IT/]Z1 2 ol 3ist
g8 gl & A8k SE AATE & o% J%ﬂ*i
1917} DPPH, ABTS, F73SALO = Fol2 #id &75 374
A W 7}7}b 122424279 mg VCE/g, 17845+9.78 mg VCE/g,
68.06+1.01%5 HAFo] 7P & &~ATS HERNITE FHelo
e EARe] 9575£322 mg VCE/g (DPPH &}t]Zh), 80.85+6.11 mg
VCE/g (ABTS 2FZ), 40.57+1.04% (FFH3AR| = So]2 2l
Zhe] &A%E Jepiith o AASdOME BT HE, A
TEANE $02 #2 Uz &S B W, M=
A EARE] 0.173+0.015 mM FeSO,/g, W¥l7} 0.130£0.003 mM
FeSO,/g5 UEINHA HAGsEA o] 7bg & 3dE S HoF

“‘“ of m & OlF l~>
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Table 2. Comparison of total antioxidant capacities (TAC) of ten brown algae grown off the Korean coast’

Brown algae TAC (DPPH) TAC (ABTS) TAC (Superoxide) TAC (FRAP)
(mg VCE/g) (mg VCE/g) (%) (mM FeSO,/g)
Sargassum confusum 48.73£1.05¢ 23.25+0.92° 23.26+5.40° 0.048+0.004"
Ishige foliacea 122.424£2.79" 178.45+9.78" 68.06+1.01° 0.130+0.003"
Petalonia fascia 45.93+1.61° 20.32+1.22° 33.95+2.15" 0.07440.006°
Myelophycus simplex 50.84+1.82° 16.85+2.01¢ 13.6343.10° 0.0470.002"
Scytosiphon lomentaria 47.68+3.65¢ 18.72+0.46° 13.63+£3.20° 0.032+0.001°
Scytosiphon gracilis 44.53+1.82¢ 10.99+0.80¢ 13.52+1.17° 0.013+0.002"
Sargassum fusiforme 50.84+0.00° 21.92+0.46° 21.76+5.35° 0.036+0.003°
Sargassum muticum 45.93+1.61° 15.25+2.57° 22.93+0.10° 0.033+0.003°
Sargassum nigrifolium 95.75+£3.22" 80.85+6.11 40.57+1.04° 0.173+0.015"
Petrospongium rugosum 46.98+3.70° 20.85+1.22° 18.64+4.45% 0.023+0.001"

'TAC stands for total antioxidant capacity. DPPH radical scavenging capacity, ABTS radical scavenging capacity, superoxide radical scavenging
capacity, and ferric reducing antioxidant power were measured for the analysis of TAC. Different superscripts indicate significant difference

(p<0.05).

Table 3. Pearson correlation between TPC, TFC, and four TAC results!

TPC TFC TAC (DPPH) TAC (ABTS) TAC (Superoxide) TAC (FRAP)
TPC 1 0.79 (p<0.01) 0.73 (p<0.05) 0.78 (p<0.01) 0.86 (p<0.01) 0.71 (p<0.05)
TFC 1 0.54 (p=0.108) 0.57 (p=0.09) 0.53 (p=0.118) 0.49 (p=0.147)
TAC (DPPH) 1 0.97 (p<0.01) 0.91 (p<0.01) 0.86 (p<0.01)
TAC (ABTS) 1 0.94 (p<0.01) 0.76 (p<0.05)
TAC (Superoxide) 1 0.80 (p<0.01)
TAC (FRAP) 1

'TPC, TFC, TAC stand for total phenolic content, total flavonoid content, and total antioxidant capacity, respectively. DPPH radical scavenging
capacity, ABTS radical scavenging capacity, superoxide radical scavenging capacity, and ferric reducing antioxidant power were used to determine

the TAC.

Z 27
gt T EetEwol= o
ol F iapﬂ% E %amwlt gt
Eapict. o= Ameaf e EEMI

A0 U&S AAEITHRice-Evans &, 1996).

% FdE %, & Fehikols o

’$3-#A S Pearson correlations 53}
Table 39| YA sjzFe = Zgds
E}E&_O]E ek ey = s} wE o

2 Uehigitt olst fEHos & Sehniwels

G 3 PUSSAL 24T E AololHE §9I42 4
HIAE HAFH] X33t o= 74}_%4 Zglnwo|=y}) g

: 2ol ojulx|sh= 4
nHghe 1 %ﬁ% 37101, oI

sl 2R 1052 24 ok & Eejuls, F Feheols Y
T P S M Aotk 1089 AxF § & Z2
Fol =& AxfFe W, e, ey e rapte]glon,
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