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In this study, the effect on the free amino acid content and anti-oxidative activity of Arctium lappa
samples by heat treatment were compared to obtain data on the conditions required for properly
processing the root as a raw material for tea. The results of DPPH and ABTS radical scavenging activ-
ity assays showed that 180C-4 min and 200°C-3 min treatments retained relatively high activity. All
heat treatment conditions showed increased polyphenol content compared to the initial sample value
of 42.72 mg/1, and the 180C-4 min and 200-3 min treatments were higher than the others at 60.09
mg/l and 62.74 mg/1, respectively. In the free amino acid analysis of the A. lappa root tea, the ten-
dency of the initial content was confirmed to decrease as temperature and time increased. Changes
in phenylalanine, histidine, leucine, and isoleucine were found to be high, while aspartic acid and pro-
line changes were relatively low. Overall, amino acid content decreased significantly under heating
conditions above 180°C-3 min and 200C-2 min. From these results, heat treatment of A. lappa root
at 180°C-4 min was deemed optimal based on anti-oxidative activity and free amino acid content.
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HEE AN F A9 FA7 5 mmrt HES Ad & &
FAAxE AAsAT A= %jﬂﬂi}i(mooo

ThermoFisher scientific, USA)E AM&3t5 oW, Abd 48-&
B 719 259 B S 180~230CE AAs YT 714 A
g AL o5 2AME 24 BG F &5t A4dS APy
o, Table 13 o] 214 ANEE FEIHT.

7} 458 $9 A EE blender (Warning, USA)Z
2 < AAEET. FE22 AA A 58 2T E
Zrekste] E4E AIE 20 goll 1002 €4 380 mlE E3 3k
20 —%— -2 A E 7] (CR-21G, Hitachi,
AHES AAT £ No. 29 %4 (What-
man Co., Buckinghamshjre, UK)E AH83te] o3& AAES
o, qHE 4T o3t Z YHAEBAIHA AF AL

>~

DPPH ziC|Z A%s &F

AN g9 gitel F4ds glstr] 9l 2,2-Diphenyl-1-pic-
rylhydrazyl (DPPH)< ©] &3] gtz &£7%5< SA 3t
[1]. WE&E o] &3 100 yMZ £31A1Z] DPPH £ 150 it
A8 50 pE ¢ F A 2023 A A 517 nm
A FHEE ZAAT A5 A FFHRFE AT HE
BAYE 7202 AAFS AEAH.

ABTS 2iC|g 275 &3

2,2" - azino - bis(3-ethylbenzothiazoline-6-sulphonic acid)
(ABTS) &tz &7 %2 Re 52019 ¥H & U5 HFstqo
Z439th 74 mM ABTS9} 2.6 mM potassium persulfateS
T F AL, dadM AT B A B s F4e
o, A9 A4 735 nmol A FFE7} 0700£0057F HEE FR7
o
&

2 348tk A8 50 plet ABTSES 150 plE &t
3057 A A A F T 735 nmel A FREES 2Hgh
A& il 2

7 =
o YA FRFE AEH HPAY FRES Foz
5

Table 1. Heat treatment conditions of A. lappa tea

Temperature () Time (min)
Control NT NT
180-3 180 3
180-4 180 4
200-2 200 2
200-3 200 3
200-4 200 4
230-2 230 2
230-3 230 3

YNo treated.
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oz SEEE 5

Folin-Denis®l & o] &3l F2&9] ZgdE 58S
ZA3t9t16]. A5 FZ9Y 80 ul¢} Folin-Denis reagent 80
e &gt 35‘:& HJ%WJ 7 10% Na2C03 80 ug &3t
o M5 & L 35 120 plE F 3k
96well plated] & JTE ZHEYT 22

=4 Z tannic ac1dE 0~500 ug/le] FEE A X3 FF
AFAE ety Leds £2TF S mg/I1E Yeith
3=13

o

[

3

2| ool at
NE FZ2E T 79 78 obr=its £487] 93l
LC-1200 series A = utE 12 3] (Agilent Technologies,
CA, USA)9} MRM(Multiple reaction monitoring) mode”} #|
A= A6410 A FE A 7] (Agilent Technologies, CA, USA)
g Ag3ld B4 A9 Y. Positive mode? electro-
spray ionization (ESI) 27 0.2 A H Ao A Z} opw] it
o] MRM %712 Table 29 eI 248 Z- o2 YMC-
Pack Pro C8 (150 x 4.6 mm, 3 um, YMC, Japan)< AH-&-3}%Th.
o] 5422 A 9L 5 mM ammonium formate?} ¥
FE&A0|9 1 B £4E 5 mM ammonium formate 7} 3-8
LS ASEACH, 05 ml/ming §5OF 2% B A%
st 158704 €22 02 100% BE 28 F ¥ A 0% BE
SHAA F 308 T% E4ES AAEH.

|]olI
o J

Table 2. Multiple reaction monitoring conditions of amino acid

analysis
Amino acids Retention time (min) MRM (m/z)
Alanine 424 90.1>44.1"
Arginine 3.70 175.2>70.1
Asparagine 421 133.1>74.1
Aspartic acid 4.70 134.1>74.0
Cystine 413 241.0>152.0
Glutamic acid 4.60 148.1>84.1
Glycine 4.06 75.8>30.1
Histidine 3.56 156.2>110.1
Isoleucine 12.32 132.1>86.1
Leucine 11.29 132.1>86.1
Lysine 3.45 147.0>84.1
Methionine 7.73 150.1>56.1
Phenylalanine 18.64 166.1>120.1
Proline 5.05 116.1>70.1
Serine 417 106.1>60.2
Threonine 433 120.1>74.0
Tyrosine 15.33 182.1>136.2
Valine 6.08 118.1>72.1

1 oy . .
'The conditions represent precursor ion > product ion.
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A& windows& SPSS 12.0 (SPSS Inc, Chicago, USA)< ©] & Azl whet =& Azl wt 2 g 2ol E FUF
Stk 2 i 749 A A HlAE One-way analysis of var- T U=, 180TC-3E 7HE Agf AR Z-¢ ok ofgh 2w
iance (ANOVA)E A8 & & AFEA 2 2 Duncan’s multi- @Rol et on, 230 C-283% 230C-3% 714 Ae A 89
ple range test& A A8t p<0.05 FEAA K80 Y& A A4e 2 gAE dol B35t AR 7HE ARt vl st
o2 A o YEbsith A¥HA 02 180T -4, 200C-3+%, 20042 7}
g A AR7 HnA FE5F 2w Fge THAe AleE
g g o T A
18 2 F Az mE PRl T S DPPH ¥ ABTS 2IC|Z 2759 3

2ot 2E YR o] §H = A2 dRe A 5129 £F Gtz 242 gFvoly 45 5 I A4
st ko] ofye} Sru A ANE Bz 7td A BdAS THAE Ao g dHA Y7, 8. 53], 2AtLETF
g ot @t $93 22 e YR W"L 7te HA L of et Aol SIHHHEA Y kst 2ol U A=
Ao g Al whgS FietA Hu, 44 £E9 7HE A S7HE I An4]. st e SAE] A% P ARk
e 23 = g3y 38k 3o Et‘ﬂ’ﬁlii Lehd ol ¥¥ F sh<l DPPH 2o # /\7‘]% 24 Aol A 27
T Atk B AFelA A vkl 249 FAE S AT o $9& FE AR e BE 7HE 2UAAM 2759
7he 25 8 7Hd Alztel 2 91 F W3S Fg 19 A8k 7 Ae FAT 5 A 230C B3E 7k Ad 233
o dAEE AAHA &2 27] AR vle 7t &= 9 200C-32 7+E Mgl 24, 1231 180T4E 7HE A g 2]

Fig. 1. Change in appearance of A. lappa tea by heat treatment condition. (A) Control, (B) 180C-3 min treated sample, (C) 180C-4
min treated sample, (D) 200C-2 min treated sample, (E) 200C-3 min treated sample, (F) 200C-4 min treated sample, (G)
230C-2 min treated sample, (H) 230°C-3 min treated sample.



Table 3. DPPH and ABTS radical scavenging activities of A.

lappa tea
S ) Radical scavenging activity (%)
ampre DPPH ABTS
Control 8.81+0.75"¢ 26.50+0.86"
180-3 11.19+0.51° 30.70+0.38°
180-4 13.17+0.38" 39.18+0.38*
200-2 8.97+0.29° 28.81+1.13%
200-3 13.25+0.43" 38.11+0.71%
200-4 12.84+0.49*8 34.40+1.08"
230-2 11.11+0.38° 33.66+0.89%
230-3 13.32+0.89" 35.64+1.49°

UThe values represent the mean +SD (n=3).
Means in the same column with different subscript letters are
significant differences at p<0.05 by One-way ANOVA.
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Table 4. Free amino acid contents of A. lappa tea

Journal of Life Science 2019, Vol. 29. No. 12 1361

80

Polyphenol contents (mg/l)

Fig. 2.

60 -

40

20 A

s T

CcD

Control  180-3

180-4 200-2 200-3 200-4 230-2 230-3

Polyphenol contents of A. lappa tea. The values represent

the mean + SD (n=

3). Means in each column with differ-

ent subscript letters are significant differences at p<0.05
by One-way ANOVA.

Ed|Hz SS9 W

7t 278 3299 FYdE 429 é? 2 7} EFig. 2
of UERSITE 200C-3% 7hE A gl 2034 180C4% 7HE
e zA9M 27 62.74 mg/19} 60.09 mg/H ZgdE &
FHF e el oz e 7te 2R dddls g2
AHE Byt o]+ DPPHY} ABTS &tz &7 5ol A Ue
W Adets dR4ol £ A0E 7tE Y F FUHE £
e FFol F4s A S gole o 79T AR AT
Atk Ago] 1P BE 7HE 274 4272 mg/19] 27

Free amino acid contents (mg/I)

Amino acids

Control 180-3 180-4 200-2 200-3 200-4 230-2 230-3
Alanine 5.0+0.2" 4.7+0.4 3.2+04 6.0£0.8 4.3+0.2 4.5+0.7 4.3+0.2 51+0.4
Arginine 639.819.7  610.2+10.1  604.2:82  641.3+129 5321494  393.6£12.2  5234+14.7  345.3%10.5
Asparagine ND? ND ND ND ND ND ND ND
Aspartic acid 60.6%1.6 60.0+2.9 60.6+1.4 59.1+2.1 56.3+2.8 56.1+3.0 60.8+2.8 40.9+2.1
Cystine ND ND ND ND ND ND ND ND
Glutamic acid 449+19 36.3+0.8 25.6+1.3 25.2+2.0 24.6+1.2 15.9+1.1 233+2.1 18.3£2.2
Glycine ND ND ND ND ND ND ND ND
Histidine 20.6+1.1 17.5+0.4 18.8+1.2 16.8+1.7 12.9+0.9 9.1£0.7 12.041.1 7.9+0.8
Isoleucine 73.6£2.8 05.0£2.5 57.8+2.0 56.1+1.9 45.8+2.4 28.2+1.8 35.9+2.0 28.61.6
Leucine 75.3%4.1 70.3+2.9 63.0+3.2 65.0+4.0 48.1+2.5 25.7+2.6 34.7+1.9 29.0+2.5
Lysine 16.1+0.7 8.1+1.1 9.0+0.8 8.7+0.9 8.2+1.1 45+0.4 5.1+0.8 4.6+0.9
Methionine ND ND ND ND ND ND ND ND
Phenylalanine 96.4+4.6 63.6+4.3 46.312.9 64.2+4.7 38.2+2.7 14.0+1.2 21.8+2.2 17.8+2.0
Proline 31944125  332.6t10.6 3108494 3206129  277.3+10.2  203.5+10.7  248.2+11.8  198.2£9.9
Serine 6.4£0.3 5.9£0.7 6.1£0.6 5.0£0.3 5.3+0.4 4503 4.2+0.2 4.0£0.5
Threonine 14.6+1.2 12.9+0.9 13.7+0.9 13.2+1.1 12.0£0.6 9.6+0.9 10.3+1.0 7.3+0.9
Tyrosine 18.8+0.9 18.7+1.4 14.7+1.2 15.2+1.0 10.5+0.9 6.2+0.8 9.7+0.5 7.9+0.8
Valine 34.0+2.6 29.3+3.0 27.6+2.5 28.0+1.9 22.1+14 14.3+0.9 15.8+0.8 13.7¢1.1

UThe values represent the mean +SD (n=3).
INot detected.
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