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Abstract

The chemical informs about 70 individual phenolic compounds were constructed from various lettuce samples based on literature
sources and analytical data. A total of 30 phenolic compounds including quercetin 3-O-glucuronide, quercetin 3-O-(6"-O- malonyl)
glucoside, cyanidin 3-O-(6"-O-malonyl)glucoside, chlorogenic acid and chicoric acid as major components were identified in 6 lettuce
samples from Korea using UPLC-DAD-QToF/MS on the basis of constructed library. Among these, quercetin 3,7-di-O-glucoside(m/z
627 [M+H]"), quercetin 3-O-(2"-O-malonyl)glucoside(morkotin C, m/z 551 [M+H]"), quercetin 3-O-(6"- O-malonyl)glucoside methyl
ester(m/z 565 [MHH]"), 5-O-cis-p-coumaroylquinic acid(m/z 339 [M+H]") and 5-O-caffeoylquinic acid methyl ester(m/z 369 [M+H]")
were newly confirmed from the lettuce samples. In total content of phenolic compounds, 4 red lettuce samples(2,947.7~7,535.6 mg/100 g,
dry weight) showed higher than green lettuce(2,687.3 mg) and head lettuce(320.1 mg).
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N = AE FuAH e o 24l
ArF = A WA LAY (crisphead lettuce, L. sativa L. var.
9| &=5}5HE(phenolic compound) tHEEQ| AlEof T}oF capitata), W E] 3| =AF(betterhead lettuce, L. sativa L. var.
3t |2 ZA 5}, o]=9] A Z 0l FHAkst Lo 95 lores), HAYF(leaf lettuce, L. sativa L. var. crispa) 2 2| 1A}

A AHe AFE S FE & 7] w2l A% Oﬂ‘ﬂ]’ﬁ_d—}iﬁ Z=(romaine lettuce, L. sativa L. var. longifolia)2 B3R5 d),
33t IS wokgkE BRt ofyzt, AF AF el oA ol A ABlEE A tiFR FAu), AR}, AE2GS
e "l HJECE QAT UtkRyu BH 1999 S WFol £FHKim 5 2016). G5 FEE2 SHLL I
Shahidi & Ambigaipalan 2015). A= HESRIES] 8 4 EIRE ZASHY in vitro 9 in vivo QoA 53 =
A= BuEo] Qlom, E3] A3 (Lactuca sativa L= 7V G AEHE ZA(Lee S 2009), P (Cheng S 2014), FA
Wo| AH[EE B2HQ A7 & LA AA o559 = (Mulabagal %5 2010; Pepe 5 2015; Adesso S 2016; Hwang-Bo
ShghES RSk 2Ael(Kim 5 2016; Kim 5 2018) FF S 2016) 59 A¥E UEl= Ao=® IEA Utk
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e S, F5 227, 71 2 AR E, Al
H], CO, &%), A, 718 5 24 wet v=3gd=
X*g} gl 3=F Wsly) o2 A YERATHDuPont 5 2000; Becker

S 2014; Marin 5 2015; Becker & Klaring 2016; Dannehl -5
2016; Luna 5 2016; Assefa 5 2019). A50f = Slo| =2 A4
FAHhydroxycinnamic acid) F-EA] 2 ZE2HE & (flavonol)O]
T8 AR = ShRE o] Sl sto|EEAA A REA o=
5-O-caffeoylquinic acid(chlorogenic acid), 3,5-di-O-caffeoylquinic
acid(isochlorogenic acid A) 2 (2R,3R)-2,3-di-O-caffeoyltartaric
acid(chicoric acid)”} 8 SRIEZ 29lFgloH (Romanl
2002; Ribas-Agusti 5 2011; Materska 5 2019), St EE9] 7
quercetin 3-0-(6"-O-malonyl)glucoside & quercetin 3- O—glucuromde
7} 8 3IERE YEeERtthH(Ferreres 5 1997; Romani &5
2002; Caldwell CR 2003).

A H|Q1 AFA] Teeberg Y5, ZHIQIAYS:, Oak AA QAH5
4 Lollo rosso A4 QU= 1559 H&3tE S9 o
01 717+ 182, 63.5, 322.1 & 571.2 mg/100 g AAAZ)] TF&

.2 (Llorach 5 2008), o]&&]o} A|Agjo} A &<l
*J—;F AT E HEYEAAFY] A 659 H=stEol
AR 22 19.5, 2.2 2 147.0 mg/100 g(RAAIS) 0.2 FAt
Z7F 7P 22 3RS YEFATHPemice 5 2007). ESF AXR
ST 100 g 7€ = AM (1,276 mg)7t A VS
(397 mg)Ht} oF 3u] o4} &2 AFS U= 2 o= &
AEATHLI 5 2010). 24 AFFof|7k oh-5| o] Q= HEA]
o4 9] % cyanidin 3-O-(6"-O-malonyl)glucoside’™= 58 AJE0 2
EZTEE 5 F9 A9l quercetin 3-0-(6"-O-malonyl)glucoside
ZEE {E AEo|th(Mulabagal 5 2010; Marin 5 2015).
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ok I3y 2T S HeEsdE Aol ol REI
A A E 2R A ¥l (mass fragmentation) 5412 55

ek AUe 72 5] o]Fol4l A7t Uek(Viacava 5
2017; Viacava 5 2018). o]+ &H A3 H=skghEof tigt AR
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B A7) A8E A% 63 BYE AR ATYE
AR, AR D PYFRA T4 Aue

o 5AA%% ?« R L
32 Qe FAEAE ERlst,
WEHESFAHFHS HOH /\}—9-54 caffelc a01d 3-O-caffeoylquinic
acid(neochlorogenic acid), 5-O-caffeoylquinic acid(chlorogenic
acid), 5-O-caffeoylquinic acid methyl ester(chlorogenic acid methyl
ester), quercetin 3-O-glucoside(isoquercitrin), quercetin 3-O-glucuronide,
luteolin 7-O-glucoside(cynaroside), cyanidin 3-O-glucoside (kuromanin)
tEAlP WHES
Z)+= Extrasynthese(Genay Cedex, France)Z5-E| 1145} C.
™, 1,5-di-O-caffeoylquinic acid(cynarin), 3,5-di-O-caffeoylquinic

9 cyanidin 3,5-di-O-glucoside(cyanin,

acid(isochlorogenic acid A), 3,4-di-O-caffeoylquinic acid(isochlorogenic
acid B), 4,5-di-O-caffeoylquinic acid(isochlorogenic acid C),
(2R,3R)-2,3-di-O-caffeoyltartaric acid(chicoric acid), 2,4,5-trimeth-
oxycinnamic acid(¥=AF WHR-EFE) 2 galangin(E2HE 0]
= YEREFE)S Sigma-Aldrich Co.(St. Louis, MO, USA) A|
2 MBI 2 9 ol5d 8 E AE-E acetonitrile,
methanol, water+= Fisher Scientific(Fair Lawn, NJ, USA)OJ|A],
formic acid+= Junsei Chemical Co.(Tokyo, Japan)Z5-E -5}
A

2. HiE4 E2EE0|E 2 QHEA|OH F&
H4h St ot o J ]OH’J FE2 5
(2012)4 WS Zustglon, 2 % =
S40] g0l =& 2uj, Solid phase extraction(SPE) Z+
0 IS A A S8 S Sl A
Pt AE AREBEL AR 05 g2 HEARS(methanol:
water:formic acid=80:15:5, v/v/v), Z2tH 0| .
formic acid=50:45:5, v/v/v) ¥ QFEA|old-8(water:formic acid=
95:5, v/v) 3181 10 mLe} 374 50 mL &3F conical tube]|
Y AF2o|A 308 5o G FEoiich. 24H2te] &=l
ZZ2NS YPAEF (3,600 rpm, 10T, 15 min)gF T 02 pm
syringe filter(Whatman International, Maidstone, Kent, UK)Z o]
Jelgict. BLBS AANL WEoldBe HRHOE B
2J5t7] 915l SPE ZH& AMESI =T, HeAt 2 STt
Oo|=& 9ISt HyperSep C18(Thermo Scientific, Bellefonte, PA,
USA) 9 Q& AJo}d-& 23t HyperSep Retain-PEP7| A Bl %]

-2 (methanol:water:
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it g SPE Z&Ho] methanol 5 mL, water 5 mL <O &
F2iol TS} A7 5 A7) olstel | mLoh WREEE
2-9H(2,4,5-trimethoxycinnamic acid 250 ppm, galangin 100 ppm,
cyanin 100 ppm) 0.5 mLE loadingSt & water 5 mLE S
AZstA Tt 1 o2 methanol 10 mLE &3 21 &35}
I= e UMY 5T &, 84S davtaR g6
SO 5N 05 mLe] 74249 g & SuE A
25)51] 0.2 um syringe filter2 433+ & UPLC-DAD-QToF/
MSZ 2459t}
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A skl ohet 2849 TEEHS 8 A%
B P ATRALS BTHOR Y3, o]z

L 7059 HESIdE LC-MS 2ol B e (3
W A4 AFst] AESHTH(Table 1).

4. UPLC-DAD-QTOF/MS &4

Hzzve Y AusiEs 54 0 A 99
CORTECS UPLC T3(2.1 x 150 mm LD., 1.6 pm; Waters,
Wexford, Irelang) Z-¥ ¥ CORTECS UPLC T3 VanGuard™
(2.1x50 mm LD., 1.6 um; Waters) 23 ZH3} T E0] HA A
F20lE 7783 (ACQUITY UPLC™ system, Waters Co.)2} 2
Q-ToF AZFEA7]|(Xevo G2-S QToF, Waters MS Technologies,
Manchester, UK)E 0| §5to] BABHAT} 25 1H9-2 210-
600 nm(T) E1H: Hl5At 320 nm; ZekH -0]= 350 nm;
EAJobd 515 nm)e A Yo, 2Y E2E= 30T,
&2 035 mL/min 0]Uth. O] 52 = Hsit d ST
Lol BAE 93f €1l A(water:formic acid=99.5:0.5, v/v)<Q}
21f B(acetonitrile:formic acid=99.5:0.5, v/v)& AFE5}H O H,
OFE Aot HBA-S Al A= A(water:formic acid=95:5, v/v)2}
81} B(water:acetonitrile:formic acid=47.5:47.5:5, v/v/v)& A&
Skt &rf 27 0f Qlo] HsAkZ BE 2%= A&t
4 B9 FAAZIL, 8ETHA] 4%, 202 7HA] 7%, 328714
11%, S5E7IA] 15%, 75874 25%=2 Z7 A7 28 =9t
AR, o]oj A 85E7HA] 50%% FE5HA F7FAI7]AL 2
SRt FAIRE T 90ETHA] 00%= FTHAAA 28 Bt F
15t 7t 95E7HA] THA] 2%E THAA]7| AL, S& B2t g3t
SHATHE 100%). ETEo|Es BE 5%E A|Ztsto] 37
SRt AR, 10274 20%, 25871A] 40%, 298714
90%= S7HIZ] T 28 59 FAISH}} 368 7HA] 5%
A AA7] 3L, 402 7HA] EFSFSHATHS: 40:2). FEA]
ofd o] AL, BE 10%& AZH5t0] 4027HA] 50%E S7}A]
2 thy s B9 AAISHAF 50R7HA] 5% ThA] ZAA]7]

e

N
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I 6027HA] HABSHATHS: 60%). 5] H=dktE 7E
AEo T WHHEFEZ(2,4,5-trimethoxycinnamic acid,
galangin, cyanin)®] HA Y} 7} /J722] HAS 1112 B[S 4
4] g2 A-8AIZ oM, ol& mg/100 g(A 2= 7]
sholeh E3F AFEAVE o] &3 H=dPgE dgHdE
AL positive ion mode=Z A PSIct HFEAZRAOCZ
capillary A9 3,500 V, sampling cone A2 40 V,
extraction cone AL 4.0 VE 2} A5} Ton source L
desolvation 2&F = 120C ¥ 500 C= A3} 11, desolvation
9 cone 7FAE 1,050 W 50 L/hr2 A5G o, Ak A
He= m/z 100~1,200 0= A5 Hl=shethE 7E 4
B2 B9 282 arste] A&t A4S ol E o,
Jw0] Aol e EAATe} Hwsto] 12F

= .

ol N

5. ARz
SAEA-S SPSS EA I 7 773l (Statistical Package for the
Social Science, Ver. 20.0 SPSS Inc., Chicago, IL, USA)S o]-&
Slo] 7t 2470] WP HEUANES AS5L, Hezre] 3
9]Z]Ql Z}o] F-EE One-way ANOVARE EX43t 5 [oj¢Z
5%°]| 4] Duncan’s multiple range test2 &4+ 7+ X}o|& &
HTHp-0.05).
dn o o
1. 3L RiHH & L Hi=SsEtE AR 22l & S3
AG7HA] BalE S7E A5, 2HSS, v+
B, HEBIEAS, E7145F, 7S, Rl 84
, HormeE|7h oS, ool B E 4239 HE
E A ARERE St E 22F, S92 8%, 2t
3%, JEEAJold 8%, SIO|EEAJAIGAF 24| 29502
AE F 7059 HesitE YR AASH 5E AT
(Table 1). Zto]B & 2] F ol AP o= A5 L &
A-SgLo] AA =] jlon, Jol2 AFuido= Z34
Zgkol AA=]o] glo] AAl AFAT} FREGol £4A F
I 5= ek olFA A AZHE wlEglRbE golBe s
HERo 2 HEE Y%, PDA FEC] TWE UV spectrum,
ToF-MS spectrum 5-2] £AX}5E H|wsto] ER1gE 23, Q)
AF, FHFE, BHUSSF 5 T Al A 65025
quercetin 3-O-glucoside-7-O-glucuronide 5 Z€+H & 105, luteolin

4 oy

7-O-glucoside(cynaroside) 5 Z2H2 3%, cyanidin 3-O-glucoside
(kuromanin) 5 U EA[OPA 35 E 3-O-caffeoylquinic acid
(neochlorogenic acid) 5 SIO|EZA|AIGAL G4 1459] &

30 HEshetE 'l 22 9 S ATh(Table 2; Fig. 1,
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Table 1. LC-MS library of 70 phenolic compounds from Lactuca sativa, L. dregeana, L. quercina, L. serriola, L. tatarica

and L. virosa based on literature sources

No. Compound names MW POSitivezF)ragrnentatlon(m/z) Negative) Used parts”
Flavonols
1 kaempferol 286 325, 309, 287 285 leaves®
2 quercetin 302 341, 325, 303 301 leaves®™
3 kaempferol 3-O-rhamnoside(afzelin) 432 471, 455, 433, 287 431, 285 leaves
4 quercetin 3-O-arabinoside(gvajaverin) 434 473, 457, 435, 303 433, 301 leaves*
5 kaempferol 3-O-glucoside(astragalin) 448 487, 471, 449, 287 447, 285 leaves*H
6 quercetin 3-O-rhamnoside(quercitrin) 448 487, 471, 449, 303 447, 301 leaves™e'
7 kaempferol 3-O-glucuronide 462 501, 485, 463, 287 461, 285 leaves™*
8  quercetin 3-O-glucoside(isoquercitrin) 464 503, 487, 465, 303 463, 301 Jeaves®Pedereni
seeds’
9 quercetin 7-O-glucoside 464 503, 487, 465, 303 leaves®
10 quercetin 3-O-galactoside(hyperoside) 464 503, 487, 465, 303 463, 301 leaves™*f
11 kaempferide 3-O-glucuronide 476 515, 499, 477, 301 475, 299 leaves®
12 quercetin 3-O-glucuronide 478 517, 501, 479, 303 477, 301 leaves*>cdeti
13 isorhamnetin 3-O-glucoside 478 517, 501, 479, 317 477 leaves®
14 isorhamnetin 3-O-glucuronide 492 531, 515, 493, 317 491, 315 leaves™
15 quercetin 3-O-(6"-O-acetyl)glucoside 506 545, 529, 507, 303 505, 301 leaves™
16 quercetin 3-O-(6"-O-crotonyl)glucoside 532 571, 555, 533, 303 531, 463, 301 leaves™
17 kaempferol 3-O-(6"-O-malonyl)glucoside 534 573, 557, 535, 287 533, 489, 285 leaves™eeH
18 quercetin 3-O-(6"-O-malonyl)glucoside 550 589, 573, 551, 465, 303 549, 505, 463, 301 leaves>edeti
19 quercetin 3-O-rutinoside(rutin) 610 649, 633, 611, 465, 303 609, 301 leaves™“*"
20 quercetin 3-O-glucoside-7-O-glucuronide 640 679, 663, 641, 479, 465, 303 639, 463, 301 leaves®
5y Quercetin 712 751, 735, 713, 551, 465, 303 711, 667, 505, 463, 301 leaves™**"
3-0~(6"-O-malonyl)glucoside-7-O-glucoside
22 quercetin 726 765, 749, 727, 551, 479, 303 725, 681, 505, 463, 301 leaves™4et
3-0-(6"-O-malonyl)glucoside-7-O-glucuronide
Flavones
23 apigenin 270 309, 293, 271 leaves™
24 luteolin 286 325, 309, 287 285 leaves” o<
25 apigenin 7-O-glucoside(cosmosiin) 432 471, 455, 433, 271 431, 269 leaves® e
26 apigenin 7-O-glucuronide 446 485, 469, 447, 271 445, 269 leavesf
27 Tluteolin 7-O-glucoside(cynaroside) 448 487, 471, 449, 287 447, 285 leaves™>cdeleni
28 luteolin 7-O-glucuronide 462 501, 485, 463, 287 461, 285 leaves>cdefi
29 luteolin 7-O-rutinoside(scolymoside) 594 633, 617, 595, 449, 287 593, 447, 285 leaves®f
30 acacetin 7-O-rutinoside(linarin) 608 647, 631, 609, 463, 301 607, 299 leaves™
Flavanones
31 eriodictyol 7-O-glucuronide 464 503, 487, 465, 289 463, 287 leaves®’
32 naringenin 580 619, 603, 581, 435, 273 579, 271 leaves™"
7-O-neohesperidoside(naringin)
33 hesperetin 7-O-rutinoside(hesperidin) 610 649, 633, 611, 465, 303 609, 301 leaves™3©
Anthocyanins
34 cyanidin 3-O-glucoside(kuromanin) 449 449, 287 447, 285 leaves®
35 delphinidin 3-O-glucoside(mirtillin) 465 465, 303 leaves®
36 cyanidin 3-O-(6"-O-acetyl)glucoside 491 491, 449, 287 leaves®
37 malvidin 3-O-glucoside(oenin) 493 493, 331 leaves®
38 cyanidin 3-O-(6"-O-malonyl)glucoside 535 535, 449, 287 Jeaves®
39 cyanidin 3-O-(3"-O-malonyl)glucoside 535 535, 287 leaves®
40 cyanidin 3-O-(6"-O-malonyl)glucoside 549 549, 287 leaves®
methyl ester
41 cyanidin 3,5-di-O-glucoside(cyanin) 611 611, 449, 287 leaves®
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Table 1. Continued
No. Compound names Mw! — gragmentatlon(m/z) —3 Used parts”
Positive Negative
Hydroxycinnamoyl derivatives
42 p-coumaric acid 164 165, 147, 119 163, 119 leaves®
43 caffeic acid 180 181, 163, 145, 135, 117 179, 135 leaves™>“%¢, seeds®
44 ferulic acid 194 195, 177, 149, 145, 134, 117 193, 134 leaves®
45 3-O-p-coumaroylquinic acid 338 377, 361, 339, 321, 165, 147, 119 337, 191, 163, 119 leaves®
46  5-O-p-coumaroylquinic acid 338 377, 361, 339, 321, 165, 147, 119 337, 191, 173, 163, 119 leaves®®®
47  1-O-caffeoylquinic acid 354 393, 377, 355, 337, 181, 163, 145, 135, 117 353, 191 leaves®®®f
48  3-O-caffeoylquinic acid(neochlorogenic acid) 354 393, 377, 355, 337, 181, 163, 145, 135, 117 353, 191, 179, 173, 135 leaves®®®
49 3-O-cis-caffeoylquinic 354 393, 377, 355, 337, 181, 163, 145, 135, 117 353, 191, 179, 135 leaves™
acid(cis-neochlorogenic acid)
50 4-O-caffeoylquinic acid(cryptochlorogenic 354 393, 377, 355, 337, 181, 163, 145, 135, 117 353, 191, 173, 161, 135 leaves®®t
acid)
5] 4-O-cis-caffeoylquinic 354 393, 377, 355, 337, 181, 163, 145, 135, 117 353, 191, 179, 173 leaves®"
acid(cis-cryptochlorogenic acid)
5 5-O-caffeoylquinic acid(chlorogenic acid) 354 393, 377, 355, 337, 181, 163, 145, 135, 117 353, 191, 179, 173, 161, leaves™**4ef
135 hairy roots"®
53 5-O-cis-caffeoylquinic acid(cis-chlorogenic ~ 354 393, 377, 355, 337, 181, 163, 145, 135, 117 353, 191, 179, 173, 161 leaves®®t
acid)
1-O-feruloylquinic acid 407, 391, 369, 351, 195, 177, 149, 145, leaves®
54 368
134, 117
5-O-feruloylquinic acid 407, 391, 369, 351, 195, 177, 149, 145, 367, 191, 134 leaves®e®f
55 368
134, 117
56  3-O-p-coumaroyl-4-O-caffeoylquinic acid 500 539, 523, 501, 483, 355, 339, 337, 321, 499, 353, 337, 191, 179, leaves®’
181, 165, 163, 147, 145, 135, 119, 117 163, 135, 119
57  4-O-p-coumaroyl-5-O-caffeoylquinic acid 500 539, 523, 501, 483, 355, 339, 337, 321, 499, 353, 337, 191, 179, leaves™
181, 165, 163, 147, 145, 135, 119, 117 163, 135, 119
58 1,5-di-O-caffeoylquinic acid(cynarin) 516 555, 539, 517, 499, 355, 337, 181, 163, 515, 353, 335, 191, 179, leaves®t
145, 135, 117 135
59 3,4-di-O-caffeoylquinic acid(isochlorogenic 516 555, 539, 517, 499, 355, 337, 181, 163, 515 callus tissues
acid B) 145, 135, 117
60 3,5-di-O-caffeoylquinic acid(isochlorogenic s16 555, 539, 517, 499, 355, 337, 181, 163, 515, 353, 335, 191, 179, leaves®**4ti
acid A) 145, 135, 117 173, 135 hairy roots®
61 4,5-di-O-caffeoylquinic acid(isochlorogenic 516 555, 539, 517, 499, 355, 337, 181, 163, 515, 353, 335, 179, 173, leaves™',
acid C) 145, 135, 117 135 callus tissues*
62 3,4,5-tri-O-caffeoylquinic acid 678 717, 701, 679, 661, 517, 499, 355, 337, callus tissues®
181, 163, 145, 135, 117
63 (28)-2-O-caffeoylmalic acid(phaseolic acid) 296 335, 319, 297, 279, 181, 163, 145, 135, 117 295, 179, 135, 133, 115, leaves*>cdet
105
4 (3R)-3-O-p-coumaroyltartaric acid(coutaric 296 335, 319, 297, 279, 165, 147, 119 295, 163, 149, 119 leaves®®t
acid)
ab,c,e,fii
65 (2R)-2-O-caffeoyltartaric acid(caftaric acid) 312 351, 335, 313, 295, 181, 163, 145, 135, 117 311, 293, 179, 149, 135 f;‘rljsrootsk
66 (2R,3R)-2,3-di-O-p-coumaroyltartaric acid 442 481, 465, 443, 425, 297, 279, 165, 147, 119 441, 295, 277, 163 leaves®
67 (2R,3R)-2-O-caffeoyl-3-O-p-coumaroyltartaric 458 497, 481, 459, 441, 313, 297, 295, 279, 457, 311, 295, 277, 179, leaves*
acid 181, 165, 163, 147, 145, 135 163, 149
6 (2R,3R)-2,3-di-O-caffeoyltartaric 4nq 513,497, 475, 457, 313, 295, 181, 163, 473, 311, 293, 179, 149, leaves*>edeti
acid(chicoric acid) 145, 135, 117 135, 105 hairy roots®
9 (2R,3S)-2,3-di-O-caffeoyltartaric 474 513, 497, 475, 457, 313, 295, 181, 163, 473, 311, 293, 179, 149, leaves™>=F
acid(meso-chicoric acid) 145, 135, 117 135, 105
70  (2R,3R)-2-O-caffeoyl-3-O-feruloyltartaric 488 527, 511, 489, 471, 327, 313, 309, 295, leaves®

acid

195, 181, 177, 163, 149, 145, 135

D MW: molecular weight.
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? Bold font indicates reported product ions and the remaining proposed product ions in positive ESI-ionization mode(m/z, [M+H]"); [M+Na]~ and

[M+K]" adducts presented

» Normal font indicates reported product ions in negative ESI-ionization mode(nvz, [M-H] ).

Y a L. sativa var. asparagina(Chinese lettuce), b L. sativa var. capitata(crisphead lettuce), ¢ L. sativa var. crispa(lettuce), d L. sativa var. crispa(baby
lettuce), e L. sativa var. longifolia(romaine lettuce), f L. sativa var. lores(butterhead lettuce), g L. dregeana(South Aftican lettuce), h L. quercina(wild
lettuce), 1 L. serriola(prickly lettuce), j L. tatarica(Eurasian blue lettuce), k L. virosa(wild lettuce).

Abu-Reidah 5 2013; Adesso & 2016; Assefa &
s 2015; Dannehl 5 2016; DuPont
S 2012; Llorach 5 2008; Luna &
Mulabagal
Stojakowska 5 2012; Su &
S 2017; Zhou 5 2018.

2016; Mai & Glomb 2013; Marin &

S 2019; Tamura 5 2006; Viacava &

2,3). & AFolA EelE HesdRtEe 34 ESEEUV
350 nm), ETZ(UV 350 nm), RFEA]OFI(UV 515 nm) A 5}
O|EFAAEAT FE=AI(UV 320 nm) A Q= -5 (Talbe
2), Z2tE = 9 E2HE9] -9 kaempferol, quercetin, luteolin
o229 3-OH E+= 7-OH YA °f| glucose, glucuronic acid
2o 3 AYL NRTED 51, 27FEO.2 malonic acid’}
AR £ o SEE F9E ven AckRibes
Agusti 5 2011; Abu-Reidah 5 2013). SFEA|o}d-2 cyanidin
olF# & ¥ glucose F A2 7|20 St E} vt
7}A| & malonic acid’} 71202 ZAstE FEQ cyanidin
3-O«(6"-O-malonyl)glucosidex F 8 AJE0 =2 5}1l Q1o O]
TFAAE o]AA|Ql cyanidin 3-O-(3"-O-malonyl)glucoside A
ZAALZ0)| A YERFIL QJQTHWu & Prior 2005; Li 5 2010;
Mulabagal 5 2010; Viacava 5 2017). S}O]|=EA| 4 IEH} Ad
o| A= caffeic acido]| quinic acid & tartaric acido] Z3+H
X7 titk %091, p-coumaric acido]| quinic acid”} 23}t
SEAE 4 ZR1E A tH(Romani 5 2002; Viacava 5 2017,
Viacava 5 2018; Materska 5 2019).

Table 20411 ESI sourceE %23t quadrupole ToF-MS
9] positive ionization mode 4] A], T FEE 9] H=38IE2
7Aoo g HEARFS H(mz )& UEWoH, 132 54
& HE oln] 7HA| 1L Q1= QEEAloPdS A|Q)gh U x| 3kt
Eoll A= Na'(mz 23) & K'(m/z 39) Fol2o] F7F 05 1
ERytth 2714Ql Na” 2 K™ Fo]29] 212 J&gt HEA}
9] A4 75 otA stol A i =7 HofA= nF =
9] F2F0% FAHsHA & =R Eoh S X 9
g ol Al fragment S HAHEH, Ecti=s 9 Zt
2 widA= AATEZRZHE glucose(m/z 162), glucuronic
acid(m/z 176), glucose + malonic acid(m/z 248)°] ZHU 7=
WS HFskaL Ik o5 F 28i3A nF AR EA
Fig. 19] Eg}H10|C FZ2utE I A QHLE A &&F
+= quercetin 3-0-(6"-O-malonyl)glucoside-7-O-glucuronide(peak
3)= quercetin 3-O-glucoside-7-O-glucuronide(peak 1) 7| 2R ZE

2019; Becker & Klarmg 2016; Becker &
5 2000; Ferreres 5 1997; Garcia 5 2019; Hohl &

2015; Materska
2010; Pepe & 2015; Pemice 5 2007; Qin 5 2018; Ribas—Agusti % 2011; Romani %

2017; Viacava &

2014; Becker & 2013; Caldwell CR 2003; Damerum
S 2001; Jeong ‘5 2015; Kisiel W 1998; Li 5 2010; Lin
2019; Michalska & 2015; Moreno—Escamilla 5 2107;
2002; Sobolev 5 2005; Sofo & 2016;

2018; Wang & 2014 Wu & Prior 2005; Xu & 2012; Yang

235k Qi) o]9F FAHAIE quercetin 3,7-di-O-glucoside
(peak 2)= 665[MHK]", 649[M+Nal’, 627[M+H]", 465[M+H-
glucose]”, 303[M+H-2glucose] 2] &S YEIY = A |z
A5 BERA B 5 oRlolA ojv] maEu} 9o
™, quercetin 3-O-(6"-O-malonyl)glucoside-7-O-glucoside(peak
42 A8} 7| ELF0|tH(Thabti 5 2012; Kim 5 2018).
Quercetin 3-O-(2"-O-malonyl)glucoside(morkotin C, peak 11) &
Al FQ2 AEl quercetin 3-O-(6"-O-malonyl)glucoside(peak
10)9] Al5t oA IRFEEA 589M+K], 573[M+Nal’,
551[M+H]", 303[M+H-glucose-malonic acid] 0. & AA| BpE
oA FAT E&AIE H AT RS gl v thJu
5 2018). B4 3 ARE AL N7 xS e o
EAJold cyanidin 3-0-(6"-O-malonyl)glucoside] methyl ester 5}
gHEo| BAYSHA &4, 603[M+K]", 587[M+Na]’, 565[M+H]",
303[M+H-glucose-malonic acid methyl ester] 9] ¥l 7}2
quercetin 3-O-(6"-O-malonyl)glucoside methyl ester(peak 12) 4
FEULE olo} fARE ARE Mol Zow Fur)
(Mulabagal 5 2010).

HzolA A2H SOIEZANHAE HFBE caffeic
acid A7 itk AA|staL glon, o529 HAlFE
ZEE EIH caffeic acid(Caf)= TEZOZ 181[Caf+H]",
163[Caf+H-H;O]’, 145[Caf+H-2H,0]", 135[Caf+H-H,0-COJ’,
117[Caf+H-2H,0-CO] 9] A4St ofol& AT melS vrehy

1 Q1th(Viacava 5 2017; Viacava 5 2018)(Table 2). Fig. 39
S| EZA|AIGA I RutE oA & 4= 950 HE A
Holgt & 4= 9= (2R,3R)-2,3-di-O-caffeoyltartaric acid(chicoric
acid, peak 25)+= ©]AA| meso-chicoric acid(peak 26)2} T|&-0]
Eo|xo® H ¢ K' o]2o0] Upeh}A] ok tjAlo] Na'e} 3t
7 BEAS GEFL 457MHH-H,0]'9] 9ol Ak fHS
AASEATE St EZAAIGAT 24 F vIFdRRL 5-O-cisp-
coumaroylquinic acid & 5-O-caffeoylquinic acid methyl ester
(chlorogenic acid methyl estery= Z}Z} 377[M+K]", 361[M#Na]’,
339[M+H]", 165[cis-counrH], 147[cis-coun+H-H,0]", 119[cis-coun+
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Table 2. Characterization of isolated 30 phenolic compounds from lettuce samples(Latuca sativa L.) cultivated in Korea

ESI(+)-QToF/MS(experimental ions, m/z)

Peak . .
Classes © Individual phenolic compounds N . . . . .
No. [M+H]" [M+Na]" [M+K]"  Fragmentation of [M-+H]
1 quercetin 3-O-glucoside-7-O-glucuronide 640 641 663 679 465, 303
2" quercetin 3,7-di-O-glucoside 626 627 649 665 465, 303
3 quercetin 726 727 749 765 479, 303
3-0-(6"-O-malonyl)glucoside-7-O-glucuronide
4 quercetin 712 713 735 751 551, 465, 303
Flavonols 3-0-(6"-O-malonyl)glucoside-7-O-glucoside
5 quercetin 7-O-glucoside 464 465 487 503 303
6”  quercetin 3-O-glucuronide 478 479 501 517 303
77 quercetin 3-O-glucoside(isoquercitrin) 464 465 487 503 303
10 quercetin 3-O-(6"-O-malonyl)glucoside 550 551 573 589 303
11" quercetin 3-O-(2"-O-malonyl)glucoside(morkotin C) 550 551 573 589 303
12" quercetin 3-O-(6"-O-malonyl)glucoside methyl ester 564 565 587 603 303
8”  luteolin 7-O-glucoside(cynaroside) 448 449 471 487 287
Flavones 9  luteolin 7-O-glucuronide 462 463 485 501 287
13”  luteolin 7-O-(6"-O-malonyl)glucoside 534 535 557 573 287
14 cyanidin 3-O-glucoside(kuromanin) 449 449 - - 287
Anthocyanins 15  cyanidin 3-O-(3"-O-malonyl)glucoside 535 535 - - 287
16  cyanidin 3-O-(6"-O-malonyl)glucoside 535 535 - - 287
172 3-O-caffeoylquinic acid(neochlorogenic acid) 354 355 377 393 181, 163, 145, 135
187 caffeic acid 180 181 - - 163, 135
192 5-O-caffeoylquinic acid(chlorogenic acid) 354 355 377 393 181, 163, 145, 135
20  5-O-cis-caffeoylquinic acid(cis-chlorogenic acid) 354 355 377 393 181, 163, 145, 135
21 5-O-p-coumaroylquinic acid 338 339 361 377 321, 165, 147, 119
22 (28)-2-O-caffeoylmalic acid(phaseolic acid) 296 - 319 335 181, 163, 135
23" 5-O-cis-p-coumaroylquinic acid 338 339 361 377 165, 147, 119
2412 5-O-caffeoylquinic acid methyl ester(chlorogenic 368 369 391 407 163, 145, 135
Hydroxycin- acid methyl ester)
namoyl 252 (2R,3R)-2,3-di-O-caffeoyltartaric acid(chicoric acid) 474 - 497 - 457, 295, 181, 163, 145, 135
derivatives
2% (2R,35)-2,3-di-O-caffeoyltartaric acid(meso-chicoric 474 - 497 - 457, 313, 295, 181, 163, 145,
acid) 135
1 1 4 181, 1 14
27°  3,4-di-O-caffeoylquinic acid(isochlorogenic acid B) S16- 517 539 535 ]zz’ 355, 337, 181, 163, 145,
28?  3,5-di-O-caffeoylquinic acid(isochlorogenic acid A) 516 517 539 555 499, 163, 145, 135
29%  1,5-di-O-caffeoylquinic acid(cynarin) 516 517 539 555 499, 337, 181, 163, 145, 135
. N . 516 517 539 555 499, 355, 337, 181, 163, 145,
30 4,5-di-O-caffeoylquinic acid(isochlorogenic acid C) 135 117

All samples analyzed in positive ESI-ionization mode(m/z, [M+H]') using UPLC-DAD-QToF/MS; [M+Na]" and [M+K]  adducts presented.
Each peak determined by comparing elution order, UV spectra, and mass fragmentation presented in constructed library. Bold font indicates
basic aglycones of flavonoid structures.

D New compound tentatively identified in lettuce samples
? Further confirmed in comparison with authentic standards
9 MW: molecular weight
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Fig. 1. UPLC chromatogram of 2 flavones and 11 flavonols
(wavelength at 350 nm) from green(A), red(B), red romaine(C)
and head(D) lettuce samples(L. sativa L.). Compound names
are presented according to peak number in Table 2. IS
(internal standard): galangin 100 ppm.
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Fig. 2. UPLC chromatogram of 3 anthocyanins(wavelength
at 515 nm) from red(A), red(flower shape) (B), red(Chinese
cabbage shape)(C) and red romaine(D) lettuce samples(L.
sativa L.). Compound names are presented according to peak
number in Table 2. IS(internal standard): cyanin 100 ppm.

H-H,0-COJ" 2 407[M+K]", 391[M+Na]', 369[MHH]', 163[CaftH-H,0]",
145[Caf+H-2H,0]", 135[Caf+H-H,0-COJ'9] Z&F mj&l-S L}k
Y1 I2E Udx|ojX 3olS Eg] Z2AEPoH, o5 A
g, W4 5 HuRE oo B 1E v tiJin 5 2012;
Martini 5 2019).
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2. 3L XHHY A
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Table 32 = A A5 6504 Ee]d dl=3t8E 30
9 24 9 AFE Uehd Zolth AR Y FFES {5l
AA Al H A QHY A o] 1L A& peakTt 3 @70l A2

WEHFFE4 galangin, cyanin, 2,4,5-trimethoxycinnamic acid

4% U 308 H=zEEe =4 |
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Fig. 3. UPLC chromatogram of 14 hydroxycinnamoyl
derivatives(wavelength at 320 nm) from green(A), red(B),
red romaine(C) and head(D) lettuce samples(L. sativa L.).
Compound names are presented according to peak number
in Table 2. IS(internal standard): 2.4,5-trimethoxycinnamic
acid 250 ppm.

£ 0]835to] 423513 0.1, relative response factor(RRF)E 1L
#oH2] 2 AE 2 28319 ch(u 5 2018). #qt opyet A
F 24 A elacler AEshe EeES Al7Is] A
A& & DA oA SPE(solid phase extraction) IS 43
sheiet.

A5 e F EFELolE FF(myl00 g ARF)S
54.7-3646.99] FEZ UEFHOH, HJF(2671.6) T A =H|

QAAFFE(3646.9)7F =2 TFS Hol= v PAF= 5472
7 B2 e UE lth(Pemice 5 2007). o5 &2
AH Q1 AHA] Iceberg FAYS:, HAZHQAANE, Oak FANS: W
Lollo rosso ZAF3&7F $83k=Fo] 2F 90% 0]% A& 185}
o mg/100 gRAZ)S 71202 77 110, 189, 1502 &
312.69] oS YErd AR °Ft =4 Y th(Liorach
5 2008). 8 AE quercetin 3-O-glucuronide & quercetin
3-0-(6"-O-malonyl)glucosider= S E. 10| = Y 53~86%= A}
Z|o}+=t|(Ferreres 5 1997; Romani 5 2002; Caldwell CR
2003), A2 QYF9] H9 EolHo=m Z2HEQI luteolin
7-O-glucuronide(1064.5)7} =4 S35 0] Q1A TH(Table 3).
QA AT, AE R D AZUIARE Mde
283.7 mg/100 g(A12%)2] tEAJoP gHF HEZE HEH S
W, ghelo] £o] AFoie AR 1% BE el
51'01510411]- EUoA AuiE Oak FAF3E ESF 101 mg/100
250 FFL ehfol & AT Welo] &L
?:l’ —’,‘— %%E}(Becker 2013). 8 AE-L2 cyanidin 3-0-(6"-
O-malonyl)glucoside = O] =-AF A A} QIAFZ=oll A HI1% QtE
Aol Ak} GARHA 93-95%¢] 19 w8 Bl Leh]
I 9JtHWu & Prior 2005; Mulabagal 5 2010)(Table 3).



compounds

Vol. 32, No. 6(2019) U Al 4 U] H=s3tE ekl 725
Table 3. Contents of individual phenolic compounds from lettuce samples(Latuca sativa L.) cultivated in Korea
Phenolic compounds(mg/100 g dry weight)
. Red lettuce
Peak No.” Green lettuce Red lettuce Red lettuce (Chinese Red romaine lettuce  Head lettuce
(flower shape)
cabbage shape)
1 12.9+1.8° 24.8+6.0° 13.0+0.8° 5.9+0.4° 7.120.5° ND
2 2.7+0.4b° 3.6£0.9° 2.1+0.2¢ 1.2+0.0¢ 3.0£0.2% ND
3 27.0£1.2° 44242 3 16.6+0.9 13.6+0.5° 22.241.2° 1.3+0.1°F
4 51.546.3° 55.043.1° 21.3+1.1° 11.540.1° 24.9+1.3° 1.0£0.0°
5 2.9+0.4° 15.5+0.6° 6.0+1.0° ND ND 0.5+0.0°
6 323.0+13.4° 539.1434.9* 148.8+10.9¢ 99.443.1° 278.3+15.5° 7.0+0.4°
7 3.240.1¢ 10.4+0.7° 8.340.6° 3.540.1¢ 20.7+1.2° 2.140.1°
8 9.8+1.0¢ 19.8+1.4° 24.2+1.8° 16.6+0.1° 91.9+4.9° 1.4+0.1°
9 74.2+1.7° 106.0+6.9 116.5+15.0° 168.8+8.5° 1064.5+56.2° 18.3+1.0¢
10 836.0+30.7¢ 1751.7+80.9° 963.7+£52.2° 619.3422.5° 2020.9+106.7* 22.0+1.2F
11 29.8+1.2¢ 75.0+3.1° 50.943.2° 29.6+0.3¢ 85.443.6" 1.140.1¢
12 7.7+0.2¢ 15.942.9° 6.740.6° 4.0+0.3¢ 12.8+0.8° ND
13 6.4+0.2° 10.7+2.0° 5.9+0.6% 4.0+0.3¢ 15.1+1.0° ND
Total flavonoid 1387.2452.6° 2671.6+141.2° 1384.0+86.4° 978.0+35.2¢ 3646.9+191.7° 54.742.9°
14 ND 7.4+0.5° 3.140.2° 2.240.1° 2.840.1° ND
15 ND 7.8+0.2° 1.740.2° 1.140.1° 1.240.1° ND
16 ND 268.5+9.4° 67.122.5° 41.1%1.6° 57.842.0° ND
Total anthocyanin ND 283.749.5° 71.942.7° 44.4+1.6° 61.742.0° ND
17 5.8+0.6° 51.244.9° 33.943.2° 34.2+0.4° 24.340.2° 21.242.2°
18 6.240.1° 7.3+1.3¢ 14.340.2° 31.6+0.2° 12.120.0° 11.8+0.3°
19 341.7+6.1¢ 1397.749.2* 1380.4+43.7° 636.5+4.7° 1036.5+6.4° 31.9+0.6°
20 6.5+0.2° 39.240.1° 38.4+0.2° 13.6+0.0° 12.3+0.2¢ 1.240.0"
21 7.540.0° 7.3+0.1¢ 12.4+0.1° 7.7+0.1° 7.9+0.1° 0.9+0.0°
22 26.240.6° 259.9+4.3° 224.1+1.1° 115.442.0° 48.5+0.3¢ 10.2+0.1"
23 3.240.0° 3.6+0.1° 6.2+0.1° 2.340.1¢ 1.840.0° 0.7+0.0"
24 5.240.5° 24.3+4.1° 22.143.7° 13.1£1.7° 19.9+0.1° ND
25 411.5+11.0° 2421.4+130.2° 1397.0+£19.0° 882.7+19.2¢ 1574.772.1° 152.4+0.8"
26 10.9+0.2¢ 24.2+0.8° 18.9+0.2° 7.240.1° 13.740.1° 0.9+0.0"
27 21.8+0.5° 8.1£0.1° 11.0+0.1° 3.940.1¢ 3.30.1° 0.5£0.0
28 413.349.8" 325.4+6.2° 461.143.7° 170.7+1.3¢ 162.5+1.0¢ 33.0+0.3°
29 ND 13.0£0.1° ND 5.440.2° 54+0.1° ND
30 40.3+0.8° 2.0£0.4° 21.740.3° 1.0+0.0° 1.240.0¢ 0.6£0.0°
Total phenolic acid ~ 1300.1+£27.3° 4580.3106.0° 3641.6+£59.0° 1925.2+14.5¢ 2024.1465.7° 265.442.6"
Total phenolic 2687.374.4° 7535.6£157.1°  5097.54138.0°  2947.7+30.2° 6632.7139.1° 320.145.4"

Quantification performed using internal standard(galangin, cyanin, 2.4,5-trimethoxycinnamic acid); ND, Not detected.

Different small letters in the same low with mean values(n=3) indicate a significant difference at p<0.05 by Duncan’s multiple range test.
1, quercetin 3-O-glucoside-7-O-glucuronide; 2, quercetin 3,7-di-O-glucoside; 3, quercetin 3-O-(6"-O-malonyl)glucoside-7-O-glucuronide; 4,
quercetin 3-O-(6"-O-malonyl)glucoside-7-O-glucoside; 5. quercetin 7-O-glucoside; 6, quercetin 3-O-glucuronide; 7, quercetin 3-O-glucoside
(isoquercitrin); 8, luteolin 7-O-glucoside(cynaroside); 9, luteolin 7-O-glucuronide; 10, quercetin 3-O-(6"-O-malonyl)glucoside; 11, quercetin
3-0O-(2"-O-malonyl)glucoside(morkotin C); 12, quercetin 3-O-(6"-O-malonyl)glucoside methyl ester; 13, luteolin 7-O-(6"-O-malonyl)glucoside;
14, cyanidin 3-O-glucoside(kuromanin); 15, cyanidin 3-O-(3"-O-malonyl)glucoside; 16, cyanidin 3-O-(6"-O-malonyl)glucoside; 17, 3-O-
caffeoylquinic acid(neochlorogenic acid); 18, caffeic acid; 19, 5-O-caffeoylquinic acid(chlorogenic acid); 20, 5-O-cis-caffeoylquinic acid
(cis-chlorogenic acid); 21, 5-O-p-coumaroylquinic acid; 22, (2S)-2-O-caffeoylmalic acid(phaseolic acid); 23, 5-O-cis-p-coumaroylquinic acid;
24, 5-O-caffeoylquinic acid methyl ester(chlorogenic acid methyl ester); 25, (2R,3R)-2,3-di-O-caffeoyltartaric acid(chicoric acid); 26,
(2R,38)-2,3-di-O-caffeoyltartaric acid(meso-chicoric acid); 27, 3,4-di-O-caffeoylquinic acid(isochlorogenic acid B); 28, 3,5-di-O-caffeoylquinic
acid(isochlorogenic acid A); 29, 1,5-di-O-caffeoylquinic acid(cynarin); 30, 4,5-di-O-caffeoylquinic acid(isochlorogenic acid C).
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SLO| EZAAIGAE REA0f] Sg ol HlemAk 265.4~4,580.3
(mg/100 g, AZF)O T BuE Bglow, fydoz &
2 TFE Uetdl= JA J3o) vlg FE 2 FdSE
2654 9 1,300.12 W2 kS UEFY Q). Ribas-Agusti S
(2011) @ Materska 5(2019)0] A|AISH AL AT} ub7}A]
2 U el Aol A ZR1E w4k 5 chlorogenic acid 2
chicoric acid’} 58~89%2] &2 H|=g YEM Tt H=skst
£ 39(320.1~7,535.6 mg/100 g, 712%) HhH| AGE HS=
B A4S 9 J2HQIGEE A st H=At HlSo] &
o 52 A& ¢ 5 Atk E3 ARFTHF 100 g 71202 AA
(1,276 mg)7F A AAFF(397 mg)E Tt oF 3uf o)A =
< S Ut 2L 5 2010)2F FARSHA & A+
A 432 BAFET OF 1.5-34] 717to] &2 3

QI TH(Table 3).
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S g YA o R opH7R] RESGE o] wor,
AA A= vid H= AR7s4S 95l 9
A= ol FAARI FIFAHE AlFol HE Fasittal
D 4 Ut o] e THOIA e IAOA A AH|H
Y LZA 30500 o2 FHAS HedgES oF
SRRt Jlo] Y - 715 HollA v S 83t AlEAdet &
+ At 35 A HAHE O Z 31 quercetin 3-O-glucuronide,

quercetin 3-O-(6"-O-malonyl)glucoside, cyanidin 3-O-(6"-O-malonyl)
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glucoside, chlorogenic acid 2 chicoric acid 55-& $4HO 2 &

F, YA, AN, A - 45 59 240 12 Hal
£ Wk A7t 274402 Baste, gFoz F
FAFOAY BF 39U 4F YL o Mus
T2 TG AL AIHT ATAL SHEST LIS
AF7E WA SPolopdt Ao WL

2 Ao W AHl AFERE He5dE 12
L HIol AE7HA EaE ookttt A A ZRERE &
StH s 223F, St 8%, ZdhHhE 3%, FEAOM 8F, O
O|EEAAIGA A 29502 4 F 7059 H&3t
e A B E AASHA 3519 TE UPLC-DAD-QToF/MS &
Aztg 9 15E 2ol B E vluste] ERIgt Axt, A
F, FIF, 2 5 AU A S 6502 R E
HiE 105, E9HE 3%, SEAOM 3%, Sto|EEAJAIG4E

-

FEA 14F 5 5 3059 HedRtE dio] 29 9 54
ATt 54.7-3,646.9 mg/100 g(A£35)2] TF BEE UEHd
ZdtR ol &St HE 9 ETHE) £ quercetin 3-0-(6"-0O-
malonyl)glucoside & quercetin 3-O-glucuronide”} 8 AJ+-0]
3]0, quercetin 3,7-di-O-glucoside, quercetin 3-O-(2"-O-malonyl)
glucoside(morkotin C) & quercetin 3-O-(6"-O-malonyl)glucoside
methyl ester= A7+ JEO2 QI T}, Z A S 45:0)A
v Il QHEAORI(@44-2837 mg00 9)9] A A7}
7 =2 SRS YERH O W, cyanidin 3-O-(6"-O-malonyl)
glucoside”} 98 AH O ZA] 93~95%9] tf|Q- =2 H|FS A}
A5} t}. Chlorogenic acid ¥ chicoric acidS F+9 AEO=Z
Sh= SIO|EF A4 Al A (265.4~4580.3 mg/100 g)of| A=
u]2F9] 5-O-cis-p-coumaroylquinic acid % 5-O-caffeoylquinic
acid methyl ester(chlorogenic acid methyl ester)”} A1 %% 35}
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