BIRQIA T | EIY| | PISSN 1229-0033, eISSN 2234-036X
hitps://doi.org/10.5764/TCF.2017.29.4.256

Xd FEE9| 7lsd 423 XA FEE2 ARSI= PVA LI
el ’M=

Functional Ingredients of Perilla Frutescens L. Britt Extracts and
Preparation of PVA Nanoweb Containing Extracts
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Received_ October 22, 2017  Abstract The purpose of this study was to analyze the functional ingredients of Perilla
Revised_November 21,2017 Frytescens L. Britt extracts and to confirm the possibility of producing PVA nanofibers
Accepted_December 07, 2017 ;sing extracts. Distilled water, 3% aqueous sodium hydroxide solution and ethanol were
used as extraction solvents. The electrospinning was carried out at a PVA concentration
of 12%, an applied voltage of 10 kV and a tip to collector distance of 15cm. The contents
of volatile substances, essential oils, total polyphenols and flavonoids of the extracts were
measured to examine the constituents of functional materials. Flavor components and
esters were identified in 3% sodium hydroxide and ethanol extracts. The content of
polyphenols and flavonoids in ethanol extracts was higher than that of medicinal plants.
1wt.% of Tween 20 was added to disperse the essential oil components of the ethanol
extract. Addition of a dispersant made it possible to produce a homogeneous mixture by
having some compatibility with the ethanol extracts and the PVA molecule. When the
concentration of the ethanol extract was 0.25 and 0.5wt%, relatively uniform PVA
nanofiber having an average diameter of 350 to 365nm could be produced. The results
of FT-IR, XRD and DSC analysis confirmed that Perilla Frutescens L. Britt ethanol extract

was well mixed with PVA molecules and was electrospun.
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F& 410nmelA A5k, &
FZAE(Sigma aldrich Co, USA)&
62.5, 125, 250, 500 ug/mL 59|
A& o]-§sto] HLst3itt

’

2.3.2 XI&/PVA LI MF2| MIE
zE A

258
F4 FHEY pHE 55702 444, A2 o Agatel &
B2 it 0,952 QLo 30 AT ol B
EF T8 FEEY pH 14.42 o2 e olglet. SRSl 5 62.
PVAE PVA 217(degree of hydrolysis=88% o] HEF Eo] BEF
degree of polymerization=1700)< Kuraray Co
Japan)ol A F4ske] ARE-SHEITE. 2.3 XI/PVA LI MRl HIE 3 £
2.3.1 XIA/PVA YALEY HZot MEEY
sd 842 =Y Ap4:/PVA LA N2 APASLS EE 12%
- PVA ZLEA-GH W 22 o e 2259 HFS 0
FEHoR 25 0.25,0.5, 1, 1.5wt%= dto], BAAE AHSAA
= 714 Tween 20 1% & 7kste] 12417 Rt & 250¢
2 1A17E A2l 5 oh 12407 Lutelol A|zatsc,
GAo gt H=+ A=A (Viscometer, DV-I
Prime, Brookfield, USA)E AF&-38to 27} 53] 4
Z4stol Rehe At
% 10KV, WA
3

2.2 Xix FEE9| 7|
2.2.1 34 22| ZH(GC-MS)
550 e supishteg
B AL FEEY HRELS 95 22H An
AZ2otEJ 2 /AR A7) (GC-MS Spectrop—ho-
tometer, Clarus 600 series—Turbo Matrix HSS
g3to] 2HatAn
S SF9a, GC &
13t $of 10 C/mlnA
FAAA
A4 /PVA Yl -2] A
(TCD) 15cm, F44 %= 0.5mL/he 2do 2 A74r
A} 5] A 251tk
| SEH(SEM)
B0 =5 A7)

Trap, erkinElmer, USA)E 9]
=4 271 Elite-5 Columns ©]-831%]
H &&= 50TodA 28 2
S ® F7HAA 2% 250CA 2min
A3e AP35kl Flow gas= Heliume AH&-3}FITH,
2.2 5 &= ¥ ¥ 3 S0l B £
% Z99s dFL2 Folin-DenisH o2 43519
oHY Zha SR, ofl§hE ) 3% AU EE -89 2.3.3 XI&/PVA LIt MdF2
FEES Img/mL 352 343 0.1mLE =Y 9 FAA AL ] 7 (Scanning Electron Microscope
Y2 QARAOF O, 1mLe} 83t & 2% Na:COs 2mL JSM-6010LA, JEOL, Japan) 4%
£ 7tsto] & 2gste] eralolA 3027 BHgAIF T AHE Yl -9 FHEAS st Gl),
HESAIZ A &S ALY - 7HAIA] 23838 = A (UV-VIS
Spectrophotometer S-3100, Shinco, Korea) AL 2.3.4 XA /PVA LI-MR2| MM S5 AHER(FT-IR)
£35Fo] 745nmo A SFEE AT, & Z2) 9 AzE e 8o 122 EAT} PVAS x4 of g
= 3FFe BldAK(Sigma aldrich Co, USA)S 74 = FEEY AL 242 Felst] S8 A7
of 5o 15,625, 31.25, 62.5, 125, 250 ug/mL & AP A Z2E A4 /PVA YAl 89 FH-S HHAL A Q)
o] o] B & vhEo] FEIAS o]-§sto] L5} F7](FT-1IR Spectrophotometer, ALPHA-P
ALt Bruker, Germany)& ©|-8&3}o] 34313t
& SR 0| -2 Nieva Moreno?] WH 2
Aa SHS, oHE, 3% 2.3.5 X2/PVA Li=MK2| X-ray 31F ABEH(XRD)
80% &<l 10mg/mL A2 o ehe 2EET PVA 1240 B¢ A & 2
o & A 2 AR A2 §ste] mA= @S ALEsls XA
& €9 0. 1mL 34 24 7](High Resolution X—ray Diffractome—
ter, Bruker AXS ,Germany)E AF&-3to] £35S
o, SAXHL X-ray tubeZ Cu, Ko & A3}
40kV, 40mA% 2o 2 ZASFY . Diffrac—
togram< 5-80° ¢ Y1 912] 20 & Stepsize 0.5 /sec

ES
$83te] ZHY3AT,
ASHIES £ FEES
FE2 34359 0. 1mLE FH3sto 80%
0.4mLe} &35t & 10% At Fu

o} IMY] oM EA ZE &9 0.1mL, 80% A&
4.TmLE 7hsto] &9 H2F REEA T HP‘”

7PAE A 23 = A (UV-VIS
Spectrophoto meter, S—3100, Shinco, Korea)

A7 ARE A
217 4] 202 4] 4%
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2.3.6 XI4/PVA L8R XMEH(DSC)

A4 oehE FE5EI PVAY &3t A] Al 2E Ui
9 dE8 Ase Estr] skl E47](Ther—
mal Analyzer, DSC 1, Mettler—-Toledo, Korea)&
AHg-sto] ZAskI T, S22 ATk Z97]0
Al 10 T/min® =2 F2AZon, 2% 25—
2500749 A gsHE 25

B 7b7b 228 2R Mk AHEHS
brary database&} H|u st AutE 22} Figure 1 &%
Table 1, Figure 22} Table 2, Figure 33} Table 3
off YEpRREE,

tention time) 1.23min®f| 4] (2—Aziridinylethyl)amine
ol 4=t 3% AU ER +8Y FEE2 H
& sy 2T AR RS0l AEE T, WA
7t 5.54mino| A ¥d|sto] =4 21 Benzaldehyde 7
Holed, dulstol=A= F95ay, U544,
FABA =24 5 27 e, 14.24mino Al
AH 2721 Propanoic acid, 2-methyl—, 1-(1,1—
dimethylethyl)~2-methyl—1,3—propanediyl ester
HEE =t ol e 2A1 = At A X1 2kg-o] Qo

2 ofN

S N[ 259
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Figure 1. Total ion chromatography of Perilla
Frutescens L. Britt Distilled water extracts analyzed
by GC/MS.

Table 1. Compounds in Perilla Frutescens L. Britt
distilled water extracts

. Normalized
Peak Retention
no. Compound time(min.) peak area
(%)
1 (2—Aziridinylethyl) 123 17.7

amine

15.19min®A4l, Ar—tumerone, 15.60min®{|A Cur-
lone, 16.90min®ll 4] 2-Pentadecanone, 6,10,14—
trimethyl—, AEF 7] &0l AE= At ojet &
o] Zt4 3%TARIMER S ® F5H
i+ 9 A AHERIF FRAAECRE I,

AL EE 25 FH peaks HFSA T

2AES P14

T

14.38min®| 4| 2-Hexanoylfuran, 1-Pentanone, 1—
(2—furanyl)—, 1-Butanone, 1-(2—furanyl)—, ¥¢3&
=2l Ethanone, 1-(2—furanyl)—, 1-Heptanone, 1—
@—furanyl)-2 AE% 2™, 14.85minollA Cis-
3—ethyl-endo—tricyclo[5.2.1.0(2.6)]decane,

Table 2. Compounds in Perilla Frutescens L. Britt NaOH agqueous solution extracts

Peak no. Compound

Retention time Normalized peak area

(min.) (%)
1 Benzaldehyde 5.54 65.1
Propanoic acid, 2—methyl—,
2 1—(1,1-dimethylethyl)-2—methyl—1, 14.42 80.5
3—propanediyl ester
Ar—tumerone 15.19 97.7
4 Curlone 15.60 80.2
5 2—Pentadecanone, 6,10, 14—trimethyl— 16.90 447

Textile Coloration and Finishing, Vol. 29, No. 4
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Figure 2. Total ion chromatography of Perilla Frutescens
L. Britt NaOH aqueous solution extracts analyzed by
GC/MS.

15.73min®)|A] Caryophyllene, 16,114 1,3,6,10-
Dodecatetraene, 3,7,11—trimethyl—, (Z,E)—, 16.84min
o] 4] Caryophyllene oxide® #H&% 3iT}.

1% Caryophyllene ¥ Caryophyllene oxide+s
Al 2gl 7ol &Hote Ao 2 FA5, A, s,
FAE5Y T B AEEA a7t 7HA AL e,
e 2 at, Az, ASAl o]&=H 15
o Caryophyllene &&= d®¥o|l a7 i,
Caryophyllene} indole £+ CaryophylleneX};
farnesols T ] o] Fobxithal H ik
Aok, EAAL Al otz r FEH &
23k, AAFH 2R, AAH 2R84
EERErES

lo
=t

A=
2=

Ar

ol
r
Ho
o
0%
iR

20

— 14.38
£
=
o
w10 - 14.85
=
@
=
c
= 15.73
16.11
o
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Retention Time(min.)

Figure 3. Total ion chromatography of Perilla Frutescens
L. Britt ethanol extracts analyzed by GC/MS.
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Table 3. Compounds in Perilla Frutescens L. Britt ethanol extracts

Peak no. Compound

Retention time Normalized peak area

(min.) (%)

2—Hexanoylfuran 50.1

1—Pentanone, 1—(2—furanyl)- 19.8

1 1—Butanone, 1—(2—furanyl)— 14,38 7.23

Ethanone, 1-(2—furanyl)- 6.67

1—Heptanone, 1-(2—furanyl)- 5.37

5 Cis—3—ethyl-endo-tricyclol[5.2.1.0(2.6)] 14.85 9.77
decane

3 Caryophyllene 15.73 24.2

f g

5 Caryophyllene oxide 16.84 34.1
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Table 4. Total phenolic contents and flavonoid contents in Perilla Frutescens L. Britt extracts

Extracts Total ph?;glli;)contents Total fIav(t:nngc;ig)contents
Distilled water extracts 98.82 £ 2.39 13.10 £ 0.87
Ethanol extracts 51.20 £2.02 65.15 + 4,51
NaOH solution extracts 11.10£1.11 9.86 = 2.09
92.82mg/gO 2 71 Wotow, ok 2580 % 53 AoR AREL

8
211, 10mg/g 0 & ZA Lt £ Sl ol
ofete F&50] 65.02mg/g 22 7H4 E=qko
=<2 13.13mg/g, 3%NaOH =&
g/go® SA =T, 7|29 Agd
A2 Z=9 g otAlE o] E(ethyl
acetate) 2 =9 Eojv= T 2 St o=
ol BT oekE FEE FFET A UG £ A
TFAL= 2ol 7k QLT o= A& o) 4], A F
AZ|, A7 B FE A E 27, 9, g 5 7
91 2=k Apolof| ofsf FaA

v 5 oo
&
oiN ro r
4
>
Bl
i

fr rlo

©
o)
&
=)

i
>

-
2

il

=

T
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Table 5. Changes in viscosity of 12% PVA solution and nan
Frutescens L. Britt ethanol extracts

3.2 KEA/PVA LE- Q0| HiE 2 S
3.2.1 REA/PVA HAIBoH0) FE 2 Lpz Q0] S
FR4, 3% SABUES £89 HeE F29

o
& 328 F 2RAR0 AAAYZARE FAF
. :

>,

f

_?_1',

>

|

] l,ﬂ
ox

£ Figure 49| Yepy At

&4 PVASN9 A= 1 wt.% Tween 20 A7}
517 B 1462cPol A 1388cPE 45t AF4 ofjgh
& 25| HUIE 2284~2678cP 7HA] Z7}5FAT),
Aed F7he Ueidf9 474 S7H1A Ui
o] 272 349.51~393.84nm=E HA}F F7kek= AL

ofiber diameter according to the concentration Perilla

Perilla Frutescens L. Britt 1wt.% Viscosity(cP) Diameter(nm)
extracts concentration(wt. %) Tween 20 Mean SD Mean SD

0 - 1462 25 312.40 52.96

0 o 1388 17 273.35 58.37

0.25 @ 2284 a7 349.51 45.14

0.5 0 2336 46 365.06 4419

1 © 2466 36 352.52 80.43

1.5 © 2678 19 393.84 111.79

Textile Coloration and Finishing, Vol. 29, No. 4
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Figure 4. SEM images(x5000) of 12% PVA nanofibers according to the concentration Perilla Frutescens L. Britt
ethanol extracts; (a) Owt.%, (b) 0 + 1wt.% Tween 20, (c) 0.25wt.% + Twt.% Tween 20, (d) 0.5wt.% + 1wt.%
Tween 20, (e) 1wt.% + 1wt.% Tween 20, (f) 1.5wt.% + 1wt.% Tween 20(PVA solution concentration: 12wt.%,
Voltage: 10kV and TCD: 15cm).

SH2 oI AW 71-25}3] 3] A 297 A 45
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Table 6. Color characteristics of nanofiber with Perilla Frutescens L. Britt extracts
extracts concentrationwt ) S v a b’ " vic
0.25 0.087 94.810 —2.166 3.677 0.000 9.378/0.000
0.5 0.301 91.010 -3.047 6.704 6.240GY  8.991/1.681
1 0.407 90.914 -4.065 9.723 5.764GY  8.981/2.201
1.5 0.855 84.743 —4.356 13.641 4.362GY  8.348/2.495
2 Uehge}, SEM of| 4§ Au R e A4 F3Eo]  109lem 3, PVA z—wsﬂ ¥4 o] o3 OH
F%=710.25wt. %Y ©f 7 WL L ARt WAL 719] 53 AEH COY A54E4] 1026em™ ¥4,
ojFo o 0.5wt.% F=olA e Bl A FA5HA CH29] 7% 250l 2gt 946em™ ¥]2, CHO| 7t&2 &
HALE S gold 4= Qlth, 1wt. % sEollAe Hat S9 5 (rocking vibration)oll 23t 846cm™ ¥4
7ol tha gasht 2l Jejsl vhrleh 2o BRY  sh et A28 PVA e g7t 4] Wt glol
3t HHo] HEA oz ety AZSA 1. 5wt %9 2 A zH S gelskeltt, 2 1wt. % Tween 20 TH&
A A & 7ol B3 A4l 24 Z7kskAnt, 4% PVA Lhe 9.9 FT-IR 2 EF (b9} 2ha:
A A4 ot FEEO] FHbE Al2E viedd FEEYFT-IR 2¥EY (995 AHEH, PVA U
& Table 6049k 0] 0.25wt, %2 W& & Lol A] Ao FT-IR 29 EF (a)oll A= 3323cm oA 1
= AAS YA 2ot 0.5, 1, 1.5wt.% 5% EUe OHY| Al Aol 23t w37} 2447} 3336cm ™
AHE UE S AUEAE UG, OIE o 3300m 2 ol helod], 531 AL £aEe) &
yellow green ¥HAF AB E S 7R = A4 of|gh 5= HE G| A= 2920cm HEFo A A AR E-Q]
EE9 Mof| O3t Aozl A 7H 7 FEE ot (C-H)9 4t %# 1315 & 5 Ut
2 Wrhstel e 98 A2 29 AAGH el
#2 S 5 UL AN
3.2.2 R}A/PVA LIz R QM S5 AHER
4o F4 AUEYS B A0 HE 2E2ES
T PVA LH= g ) Ak 227 PVA 28R §
o 484 (compatlblhty)% ehelstar, A71AF 54 z
R EETESS 2 ol oo PVA A &
o Aa 5B %“é 8ol W3S ghelstunt st =
At &4 PVA U4, 1wt.% Tween 20 9+ %P
3 PVA Y=, 1wt.% Tween 203 A& = | 1 Gl | ! L
_ _ 4000 3500 3000 2500 2000 1500 1000 500
&= g3 PVA "}i@-% o AL FEEY FT-IR Wavenumber(cm™)
ifﬁjf A vl ang F/l\gure 5,01] HER. Figure 5. FT—-IR spectra of PVA nanofibers according
= PVA Uil o] il 5 8ol =541 (OH) to the concentration Perilla Frutescens L. Britt ethanol
7]19] A1Z&X 5 (stretching vibration) o <& & 7| extracts; (a) Owt.%, (b) Owt.% + 1wt.% Tween 20, (c)

UEttE 3,323cm ! 92, HWEH(CH) 9 A52%F
o 93 YeElt= 2938cm™ W3, OH7|Y #¥ A5
(bending vibration)ol &3 YeL}= 1426(:1][1‘1 i
=, PVA Z18249] A Ao &gt CO9| Al5215 <

R

0.25wt.% + 1wt.% Tween 20, (d) 0.5wt% + 1wt.%
Tween 20, (e) Twt. % + 1wt.% Tween 20, (f) 1.5wt.%
+ 1wt.% Tween 20, (g) Perilla Frutescens L. Britt (PVA
solution concentration: 12wt. %, Voltage: 10kV and
TCD: 15cm).
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Ak ooflehE &5 0.25, 0.5, 1, 1.5 wt.% &5
PVA UYi=A 8.0l FT-IR A" E Q] (o) ~()S Al X
H, PVAS 42 w37t a2 FA5 3L glon
(b)% (g)9] Btol=8A17] A& ol o3k 9= 1)
sto] Yo Zog = PVA Udkedfo 93 729l
3322cm ™= THA] O]%s}gﬁu} olubA o 7 A
SAEAE A7t He tor o gt He Y
Qlog o] Ak ofehE F&E A PVA L&A}
ol =24 3to] FAH AL oJu|ghehy. =3 PVA
e A w238l (CHy) Y A% A%l 98 Yehts
2938cm™! 33 & Tween 2001 2|3l 327} ZofALt
A oeE 328 FE7F 7l wet 527} BhA]
A HA 2916cm I FL O g o] Eslglch, o)A A
ol Faf A4 olghE FEE A9 PVA LAt
of gmatgo] & o] Fof o A ofehE =0
PVA ARG ol 2 Zotsfof A E Zle & 4= i

3.2.3 XI&/PVA LI=MR2| X-ray 2|" HE
Figure 62 A4 &t 259 o]
0.5, 1, 1.5wt. %= S7HA A A7|LAFE ]-_/1\_/PVA
U489 X-ray Diffractometer(XRD) 2% EH
= UEtd Zlojth, A EYS By PVAY E4 9=
7F 20" A A B UEhd AS gl 4 Q%A

Intensity

10 20 30 40 50 60

20(degree)

Figure 6. XRD patterns of PVA nanofiber according
to the concentration Perilla Frutescens L. Britt ethanol
extracts; (a) Owt.%, (b) 0 + 1wt.% Tween 20, (c)
0.25wt.% + 1wt.% Tween 20, (d) 0.5wt.% + 1wt. %
Tween 20, (e) Twt. % + 1wt.% Tween 20, (f) 1.5wt. % +
1wt.% Tween 20(PVA solution concentration: 12wt %,
Voltage: 10kV and TCD: 15cm).
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3.2.4 XFA/PVA Li-MS0| XEM
24 oEFS 22 Eo] H7bE PVA U= A9.9] A3}

FAF &4 (Differential scanning calorimetry,

DSC) ¥4 A1}= Figure 72 Table 7] UebH et

PVAE T AR U A R-9] 85412 192.03T
o|1 Rl HAsh IF 44.03J/g L& AA

| Endo
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Temperature(°C)

Figure 7. DSC curves of PVA nanofibers according
to the concentration Perilla Frutescens L. Britt ethanol
extracts; (a) Owt.%, (b) Owt.% + 1wt.% Tween 20, (c)
0.25wt.% + 1wt.% Tween 20, (d) 0.5wt.% + 1wt. %
Tween 20, (e) Twt.% + 1wt.% Tween 20, (f) 1.5wt.%
+ 1wt.% Tween 20(PVA solution concentration:
12wt. %, Voltage: 10kV and TCD: 15cm).
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Table 7. DSC data of PVA nanofiber prepared from different Perilla Frutescens L. Britt extracts

Perilla Frutescens L. Britt 1wt. %

extracts concentration(wt.%) Tween 20 Tm(c) AHm(J/g™)
0 - 192.03 44.03
0 o 193.30 39.67
0.25 o 191.81 41 52
0.5 o 193.32 47.76
1.0 o 192.10 49.28
1.5 o 193.07 52.26
oetE FEE9| Fefo] Wste| wtet 2k4/PVA Ui UEFT e &304 7147 L o2 =
e 854S 191.81~193.07C HYE & o]} F7h gl = ik
e Aod Yot BEAAZ 1wt. % Tween 20 2. 4n FEE A SHRFFEEY ZT EAUE T
< A7bsto] A 23 PVA YAl 9] dEsfof Zast O 99 89mg/gO 2 TPY Wekow | oehe 22
H2F(AHm)o] 39.67J/gt 2, A2} 3 0.25% 9] 32 51.20mg/g, 3% FABPGER 489
A &g FEES F7Fsto] Al 23 PVA YA i FEE9 S 11.10mg/g o2 A=A, &
©41.52J/g' 2 fasths AS O U ZetR o) T g oehE EE9] 65.02mg/g
Florry—Huggins °] 20| &3t 4840l e & SR 7Moo, FR; FE5w-213.13mg/g
HE EHL2 AFodA] FHagkgo] dojuhar dEsf 3% AP E T8N 2552 9.86mg/go =
of Bagt dFo] Fashs AR BilEo] glo] & SAEUY, A4 e FEEY g ¢
AHA| M7t E ApA olehE 58T PVAR A= o] 4 2hi o] & oheke tf R oRgAlE Bt =] et
O 8-S 7HAA Ho] Fde ERES UE 4 9 U -3t AR a7t 7)o = QLo
S ACR & ok, dey Aa 2559 ol 3. Ak oflehE FEEQ AR A4/PVA 9
S71sHA EH GEsfo "asgt difo] thA] F7tsto] T7b S7bEH Yl 8] A A o] S7tehE Ao R
Sgto] EAYUST AEH R Hl= A 0R Holn o= 9F Ve T A oehs FEEC] =TE 4%
A XRD &4 A3+ Sbds) 2= 247 E 4= o o] BAFS $13l 1wt. %2 Tween 20& 7 o
o, A4 oghE 2EE9 %7H0.25, 0.5wt.%
4. 8 E o 1) 350~365nm AAHYE 7HA = v B F

A3t AF4/PVA Y92 A% 3 4= 99t

B ATNNE FRS, 3% SASIES 2848 4, FI-IR BHOE B4/PVA the it PVAY] 5
Neres GUE 4T FE5te] 222 ALY 2 AR W7k TR fAET, Ad o FE
A, ARAE, 3 BvE % L Sehuiols 2 H7h2 OHY|9) AR5 0% w37t B 2
2 27stel 7154 BAY HEE Anngt w3 oM e FOR o] FFE AOR Ak oS &
A 7 279 25% F M 71540l $4F ofe F2o| PVA WAHE] 2 EaElo] HAL 2
2 #2BL PVATLEA g0 Hrlsto] B, S 313 5 99
H7UAE E3) A&/PVA thedl A% 7P5AS 5 XRD £4] 2 AZE A4/PVA e gt
g 2o ARS A9t PVAS] 54 537} 20" A4 Lhehd A& 2l
5 9A9la, A ofehe F2E H/hR PVAY 5
1 AEE FF5, 3% SABES +89, o2 A3 27k Fasto] A 2ERI PVA BA7HF
22310 2229 GO-MS B4 A} 3% 5443} EGE 0] PAPE olFold A2 BT 4 T
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