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ABSTRACT - In this study, 17 kinds of polyphenols and 5 kinds of anthocyanins were analyzed to compare the
contents of polyphenols and anthocyanins in 76 colored agricultural products. A total of 17 polyphenols were ana-
lyzed simultaneously by 9 phenolic acids (gallic acid, protocatechuic acid, chlorogenic acid, vanillic acid, caffeic acid,
syringic acid, p-coumaric acid, #-ferulic acid, z-cinnamic acid) and 8 flavonoids ((+)catechin, syringic aldehyde, rutin,
epicatechin gallate, naringin, luteolin, naringenin, kaempferol) and 5 anthocyanins (delphinidin-3-glucoside, delphini-
din-3-rutinoside, cyanidin-3-galactoside, cyanidin-3-glucoside, cyanidin-3-arabinoside) were simultaneously analyzed.
The total content of 17 polyphenols was determined as seoritae 255.1 + 7.5 pug/g, seomoktae 275.8 + 5.3 ng/g, black
rice 78.5 £ 4.6 pg/g, black sesame 75.8 £ 3.2 ng/g, blueberry 143.3 £ 5.5 pg/g, aronia 195.2 £ 4.9 ng/g and blackcur-
rent 131.6 = 3.2 ng/g, the highest content was found in the order of seomoktae > seoritae > aronia > blueberry >
blackcurrant > black rice > black sesame. The total content of 5 anthocyanins was determined as seoritae 82.4 + 17.2
ng/g, seomoktae 95.2 + 6.1 pg/g, black rice 74.1 = 9.7 pg/g, black sesame were not detected, blueberry 110.8 1.9
ng/g, aronia 218.9 + 6.1 pg/g and blackcurrent 209.7 + 4.0 pg/g, the highest content was found in the order of aronia
> blackcurrant > blueberry > seomoktae > seoritae > black rice. These results indicated that seomoktae and aronia
possessed the high level of functional components and further study will be needed to develop high value-added foods

based on the colored agricultural products.
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Table 1. Conditions of polyphenol analysis by HPLC
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Table 3. Operation conditions of HPLC-MS/MS

Parameter Condition Parameter Condition
Instrument Agilent 1100 series Instrument SPLC/TSQ Quantum ultra
Column Zorbax Eclipse plus C18 Column Thermo Hypersil gold C18

(4.6 x 250 mm, 5 pm)

(2.0 x 150 mm, 3 pm)

Column temp. 30°C Column temp. 40°C
Wavelength VWD Detector 280 nm Detector MS/MS
. A :0.1% acetic acid . A :0.1% acetic acid
Mobile phase B : 0.1% acetic acid in acetonitrile Mobile phase B : 0.1% acetic acid in acetonitrile
Time (min) A (%) B (%) Time (min) A (%) B (%)
0.0 95 5 0.0 95 5
5.0 90 10 2.0 90 10
20.0 87 13 Gradient table 10.0 50 50
Gradient table 25.0 85 15 15.0 50 50
35.0 75 25 18.0 90 10
40.0 70 30 20.0 95 5
50.0 65 35 Flow rate 0.3 mL/min
60.0 95 5 .
Injection volume 5 pL
Fl t 1.0 mL/mi
‘ 'OW rate fmL/min Ionization source  ESI* or ESI™
Injection volumn 10 pL positive 4000V
Spray voltage .
Table 2. Conditions of anthocyanin analysis by HPLC negative 3000V
Parameter Condition Capillary temp. 330°¢
Instrument Agilent 1100 series Vaporizer temp. 300°C
Column YMC-Pack ODS-AM C18 Sheathgas 400 psi
" (4.6 x 250 mm, 5 pm) Aux gas 20.0 psi
Column temp. 30°C Collision gas 1.5 mTorr
Wavelength VWD Detector 530 nm
.10 H | k=i Yo}
Mobile phase A : 1% TFA in H,O HPLC-MS/MS &9l

Gradient table

Flow rate

Injection volumn

B : acetonitrile

ZslE 175 2 A 5E9] A HL

= g

reaction monitoring (SRM) modeZ ©|&3}9 3L, o] 23}
electrospray ionization (ESI) W&oz s}olon, 7z} A&

o EEEN(1 pg/mLyS NEH O A 7)o 25

43}l ESI Positive & Negative modeo| A4 ¢] o] &3} =71

Time (min) A (%) B (%)
0.0 89 11
25.0 85 15
30.0 85 15
40.0 89 11
1.0 mL/min
10 ulL
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Results and Discussion
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Table 4. Regression, R?, LOD, LOQ and linear range for the studied compounds

Compounds Regression equation R? LOD (pg/mL) LOQ (ug/mL)  Linear range (pug/mL)
Gallic acid y =28.293x - 3.9376 0.9997 0.0920 0.2789 0.6~10.0
Protocatechuic acid y =15.676x + 0.9054 0.9999 0.0604 0.1831 0.6~10.0
Chlorogenic acid y=16.787x — 1.1093 0.9992 0.0831 0.2518 0.6~10.0
(+) Catechin y=13.763x + 0.1070 0.9998 0.0762 0.2311 0.6~10.0
Vanillic acid y =16.702x + 0.6885 0.9999 0.0223 0.0675 0.6~10.0
Caffeic acid y =32.967x - 0.7672 0.9998 0.0870 0.2636 0.6~10.0
Syringic acid y=29.677x +2.3212 0.9999 0.0766 0.2321 0.6~10.0
p-Coumaric acid y =32.828x —2.7234 0.9992 0.0472 0.1431 0.6~10.0
Syringic aldehyde y =20.183x — 0.8285 0.9998 0.0106 0.0322 0.6~10.0
t-Ferulic acid y =30.863x —2.8988 0.9995 0.1030 0.3124 0.6~10.0
Rutin y=15321x-2.5780 0.9991 0.0382 0.1158 0.6~10.0
Epicatechin gallate y =18.067x — 0.0287 0.9999 0.0367 0.1112 0.6~10.0
Naringin y=17.943x + 0.5086 0.9999 0.0142 0.0432 0.6~10.0
Luteolin y=17.820x — 0.4748 0.9999 0.0246 0.0746 0.6~10.0
t-Cinnamic acid y =37.987x — 1.2039 0.9998 0.0552 0.1673 0.6~10.0
Naringenin y =32.487x - 0.3756 0.9999 0.0371 0.1125 0.6~10.0
Kaempferol y=15284x+0.1123 0.9999 0.0476 0.1445 0.6~10.0
Delphinidin-3-glucoside ~ y =20.669x — 1.4986 0.9996 0.0975 0.2955 0.3~5.0
Delphinidin-3-rutinoside ~ y = 18.428x — 1.7369 0.9998 0.0450 0.1366 0.3~5.0
Cyanidin-3-galactoside =~y =16.248x —0.0252 0.9994 0.0739 0.2240 0.3~5.0
Cyanidin-3-glucoside y =30.222x + 1.5264 0.9997 0.0836 0.2534 0.3~5.0
Cyanidin-3-arabinoside =~y =29.010x — 0.9881 0.9998 0.0911 0.2761 0.3~5.0

A2 (y = Sx + b)2. 2 AX A4 (determination coefficient,
RHE T3l A (Linearity)S AESINUT 2 A3 &
gulE 1752 2AAGFR?) 2 0.9991~0.9999, SFEA]
ohd 559 ZAATF(R) 2 0.9994~0.9998= 13 A <]
A e Wl e A7) wxol

FAE ol E A

Wl 4H59 SRS Ve 9 5 AU,

40 YERf AT

105.2%, =1] 83.7~98.6%, SUA} 85.1~102.5%,

SERREY

Table

7 2]

88.5~106.1% AlolollA BI=T, AFEAJoPA 5%F2] 3

FE&2 AEH 93.2~102.4%, 51 91.6~99.5%,

o]

217

90.8~97.3%, E-FHE] 94.9~101.3% ©]|2t}. o]+ AOAC
(Association of official analytical chemists)ollA] A A]sl=

35E AWML 75~120%F W=, T3 At RE
H2}(Relative Standard Deviation)e Z2|8& 1752 A2
Bl 1.2~4.1%, S| 1.4~3.9%, SUA}F 1.3~4.5%, S-Fu| 2]
1.5~3.6% Abololl A BelE ., StEAlOPd 558 A ]H)
1.4~3.3%, 34| 1.6~3.5%, U=} 1.5~3.9%, &FH 2] 1.3~
3.4%= UER} AOACOIA AA &= 8% n| o 2 A2 4
Yol F3g AAHAS AT 5 AU, Table 501

e it

dEsH & FEeH

Z 3 (Limit of Detection, LOD)2} 4 34| (Limit of
Quantitation, LOQ)= 2144 Al@ellA 3 13} 3]HWA
2o 2 Higgde 71871(S)E Tl wHEe] EFHANo)
£ olgste] HAEIAE AT o Z2H(SNB)2] 334,
A& A= 108]2] 722 ICH (International Council for
Harmonisation)*ol| 4] A|A] gt o2 e] 2oz ALkslS T

LOD=3.3 x /S
LOQ=10x0o/S
o =the standard deviation of the response

S =the slope of the calibration curve
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Table 5. Recovery of the studied compounds in colored agricultural products

Seoritae Black rice Black sesame Blueberry

Compounds Concentration Recover: RSD"”  Recove RSD Recover: RSD Recove RSD
(ug/mL) Y ry Y ry

(%) (%) (%) (%) (%) (%) %) (%)
Gallic acid 5.1 98.5 1.2 92.1 1.5 94.6 1.8 98.0 1.5
Protocatechuic acid 5.1 97.7 1.7 95.4 1.4 102.5 1.3 96.4 1.6
Chlorogenic acid 4.7 91.6 2.8 90.5 2.5 95.8 2.1 106.1 2.6
(+) Catechin 4.6 92.4 32 89.6 2.6 91.3 34 96.5 3.1
Vanillic acid 5.1 89.3 3.0 96.2 2.6 98.7 2.8 92.5 2.2
Caffeic acid 5.1 88.2 2.9 89.7 2.4 97.9 2.2 91.1 2.6
Syringic acid 5.0 95.8 2.5 98.6 1.9 96.3 2.6 102.4 2.8
p-Coumaric acid 52 93.6 33 90.5 3.9 92.5 32 95.8 3.5
Syringic aldehyde 52 89.2 2.6 92.8 22 87.4 3.0 88.5 2.8
t-Ferulic acid 5.1 97.5 1.6 91.1 2.7 95.2 2.2 98.8 1.8
Rutin 5.0 88.9 34 89.2 2.5 98.1 2.4 94.7 2.1
Epicatechin gallate 53 93.8 3.5 83.7 3.0 94.9 3.6 96.3 33
Naringin 5.3 101.3 1.9 95.2 2.3 99.7 2.0 98.1 2.3
Luteolin 5.1 95.4 24 86.5 2.7 89.2 32 92.3 2.5
t-Cinnamic acid 5.0 88.2 4.1 90.3 34 85.1 4.5 91.1 3.6
Naringenin 5.1 105.2 2.5 95.5 2.2 97.6 2.8 98.4 1.8
Kaempferol 5.1 84.5 2.6 86.1 2.8 88.7 2.0 90.2 2.5
Delphinidin-3-glucoside 5.1 98.2 1.7 94.7 2.0 98.6 2.1 98.9 1.3
Delphinidin-3-rutinoside 4.9 93.2 33 91.6 3.5 92.5 3.9 96.7 34
Cyanidin-3-galactoside 5.2 94.6 2.5 95.2 1.7 90.8 2.3 94.9 2.1
Cyanidin-3-glucoside 5.1 102.4 1.4 99.5 1.6 97.3 1.5 101.3 1.4
Cyanidin-3-arabinoside 5.0 96.1 1.9 97.2 1.6 93.9 2.2 99.5 1.8

YRSD : Relative Standard Deviation

a2 A3 s 1759 AESHA(LOD)= 0.0106~
0.0920 pg/mL, 7 ZF3HA(LOQ)E 0.0322~0.3124 pg/mL o]
AL, AFEAOP 5F°] HESHA(LOD)= 0.0450~0.0975
pg/mL, & ZF3HA(LOQ)E 0.1366~0.2955 pg/mL=E zH A&
H BN sert W2 AFSAE Uepd o =AM A 7ol
7Fed S Kol F0H, Table 40 YERAITH

Zoln=e g A

ZEHE 175 el A £
o] Yetton, 278 1784 g
19} 2t

AMEEl= 659 ZEdEo] AEFHUL, °lF F p-
coumaric acid o] 105.0+ 183 pug/gS 2 7P =%o
™, protocatechuic acid 95.1 £+ 16.9 ug/g, naringenin 20.0 +
9.6 ng/g, gallic acid 17.3 +£3.4 pg/g, syringic acid 9.0+ 2.3
ug/g, epicatechin gallate 8.7+ 1.5 pg/g =22 YERGAL,
AEHE 759 EsEe]l AEHUL, ©°lE T proto-

catechuic acid o] 93.8+123 ng/gS 2 7 =9kor,

A3+= Table 6324+ 7+
AZnlETY S Fig.

(+)catechin 76.3 £16.2 ng/g, p-coumaric acid 42.8+11.6
ng/g, naringenin 25.2 +£9.4 ng/g, gallic acid 14.7+£2.7 pg/
g, epicatechin gallate 11.8 +2.3 pg/g, syringic acid 11.2+
48 ug/g o2 A& Su]= protocatechuic acid
429+ 13.9 pg/g, syringic acid 23.3 + 8.8 pg/g, vanillic acid
123+48 ug/g £ 359 Fdzo] AU 54
A}= protocatechuic acid 31.8 + 8.3 pg/g, chlorogenic acid
18.5+4.7 ug/g, naringin 9.3 + 1.6 ng/g, f~cinnamic acid 8.3
+ 1.3 pg/g, gallic acid 7.9+ 0.9 ng/g =22 552 Zg]9
=o] AEEAT. Bl e 659 el HAEH
3, 5 & chlorogenic acid $#F°] 62.2+15.6 ng/gl =
7 =949, epicatechin gallate 40.8 + 11.6 pg/g, syringic
acid 16.7+6.3 ug/g, naringin 9.5+ 3.6 ng/g, (+)catechin
8.0+2.5 ug/g, gallic acid 6.1 1.9 pg/g 22 UEFFS
™, o}ZUo}= protocatechuic acid 87.0 + 14.8 ng/g,
chlorogenic acid 752+ 12.5 pg/g, (+)catechin 21.1+7.5
ug/g, syringic acid 11.9+3.9 ng/g 02 459 Zods
o] HEHYUY. EHHAHUEE protocatechuic acid 55.3 +
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Table 6. Contents of 17 polyphenol compounds in colored agricultural products

Concentration, Mean + S.D." (ug/g)

Compounds Seo_ritae SeorEOktae Blac_k rice Black_sesame Bluciberry Ar(inia Blackiurrent
(n=10) (n=10) (n=20) (n=10) (n=14) (n=7) (n=5)
Gallic acid 17.3+£34 14727 N.D. 7.9+£0.9 6.1+1.9 N.D. N.D.
Protocatechuic acid 95.1+16.9 93.8+12.3 429+13.9 31.8+8.3 N.D. 87.0+14.8 553+13.3
Chlorogenic acid N.D.? N.D. N.D. 18.5+£4.7 622+156  752+125 N.D.
(+) Catechin N.D. 76.3£16.2 N.D. N.D. 8.0+£2.5 21.1+£7.5 N.D.
Vanillic acid N.D. N.D. 123+4.8 N.D. N.D. N.D. 174+5.5
Caffeic acid N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Syringic acid 9.0£23 11.2+4.38 23.3+8.8 N.D. 16.7+6.3 11.9+£39 N.D.
p-Coumaric acid 105.0+18.3 428 +11.6 N.D. N.D. N.D. N.D. N.D.
Syringic aldehyde N.D. N.D. N.D. N.D. N.D. N.D. N.D.
t-Ferulic acid N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Rutin N.D. N.D. N.D. N.D. N.D. N.D. 27.5+8.7
Epicatechin gallate 87+1.5 11.8+2.3 N.D. N.D. 408 +11.6 N.D. 31.4+8.8
Naringin N.D. N.D. N.D. 93+1.6 9.5+3.6 N.D. N.D.
Luteolin N.D. N.D. N.D. N.D. N.D. N.D. N.D.
t-Cinnamic acid N.D. N.D. N.D. 83+1.3 N.D. N.D. N.D.
Naringenin 20.0£9.6 252+94 N.D. N.D. N.D. N.D. N.D.
Kaempferol N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Total 255.1+£7.5 275.8+5.3 78.5+4.6 75.8+3.2 143.3+5.5 195.2+49 131.6 £3.2
YS.D.: Standard Deviation
?N.D.: Not Detected
& - 3, Ay BASY Fgwel wAgel 33HS ek
i L The HellM 4842 7B3 ATk, 8% Folin-Ciocalteu
| iy‘g Aoks wheT 4 sE vk FRe) FPEES s
i § ‘ g A T Hlsd =2 Fol oA T aglse] B4
; g | Soj, Yol Bels el BAS FYshe e
. L 1/ ol g5 YoV, ZElElE 1759 F TS M 255.1
- L UL AU - +7.5uglg, AMEH 275.8+53 uglg, v 78.5+ 4.6 uglg,

Fig. 1. Chromatogram of 17 polyphenol standards by HPLC.

13.3 ng/g, epicatechin gallate 31.4 + 8.8 pg/g, rutin 27.5+
8.7 pg/g, vanillic acid 17.4+5.5 ug/lg S22 459 =g
Hzol AEHJUL, #43 1759 ZHss A 5 A
el 65, AEH 7E, S7 3%, SUA 5E, &5
=, ol2Yo} 4%, EYAHE 4F9 /E AES
k. A, AEH, 593, SR, ok Yo},
HE= phenolic acid, flavonoid A€ /-3l S
7, S| = phenolic acid AIGRHS 3kl AU =
A BFo] HAHWHOZ Folin-Ciocalteu A S o] &3l=
Folin-Denis W¥90] AgAE0A o 714 de] o]
|53 Ak o] WS ZdetHAE HwA ETF =

of

X0 o o =

30 ot
NN o

A} 75.8+3.2 uglg, EFHIE 1433 £5.5 pglg, L=
oF 1952+4.9 pg/g, BHAYUE 131.6 £3.2 ug/g= e}
AMEE > AEE > olZUo}l > EFHE] > EYAYUE > 5
H > 32 o 22 s Yepld dEA skt
2o AEAd de BxEe] Y BEE g 7z
A 7™ #HEmA 3F3HES] phenolic hydroxyl”]7F
WA} e AvjiEArete] A9-S B8l et dd 4
+ 59 AErles THe AeR duEA k.

ot (L AL

tEAOHHSl FE ZAut

REEAlobd 5ol el A EA3F 234 Table 74
o] Yyehon, ¥FEA 550 U A=ZrEIH L Fig,
29} 2t}

A12JEl= cyanidin-3-glucoside 63.9 + 15.3 pg/g, delphinidin-
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Table 7. Contents of 5 anthocyanin compounds in colored agricultural products

Concentration, Mean + S.D." (ug/g)

Compounds Se(iritae SeoToktae Bla(ik rice Blackﬁsesame Bluiberry Ar(inia Blackiurrent
(n=10) (n=10) (n=20) (n=10) (n=14) n="7) (n=Y5)
Delphinidin-3-glucoside 12.8+6.1 18.6 7.4 N.D. N.D. 242+5.7 N.D. 39.5+£6.3
Delphinidin-3-rutinoside N.D.? N.D. 20+1.2 N.D. N.D. N.D. 1583+11.2
Cyanidin-3-galactoside 1.0+£04 12+0.5 6.1+£1.6 N.D. 28.7£9.5 169.6 £ 15.9 N.D.
Cyanidin-3-glucoside 639+153 69.5+143 61.9+20.6 N.D. 314+£9.2 6.5+3.8 11.9+34
Cyanidin-3-arabinoside 47+2.0 59+£3.0 41+1.0 N.D. 26.5+6.3 42.8 +10.7 N.D.
Total 824+172 952+6.1 74.1+£9.7 N.D. 1108+1.9 2189+6.1 209.7+4.0
YS.D.: Standard Deviation
YN.D.: Not Detected
i T kAl Al Rusginh tEAlebd 559 F
. S AP H 824+ 172 ug/g, S8 952+6.1 pglg, &

Fig. 2. Chromatogram of 5 anthocyanin standards by HPLC.

3-glucoside 12.8 + 6.1 pg/g, cyanidin-3-arabinoside 4.7 +2.0
ug/g, cyanidin-3-galactoside 1.0+ 0.4 pg/g =22 YEMS
°om, MEEE cyanidin-3-glucoside 69.5 + 14.3 pg/g,
delphinidin-3-glucoside 18.6 + 7.4 png/g, cyanidin-3-arabinoside
5.9+ 3.0 ug/g, cyanidin-3-galactoside 1.2+ 0.5 pg/g TO2
UErS T W £ cyanidin-3-glucoside 61.9 +20.6 pg/g,
cyanidin-3-galactoside 6.1 + 1.6 pg/g, cyanidin-3-arabinoside
4.1 +1.0 pg/g, delphinidin-3-rutinoside 2.0+ 1.2 pg/g =<
2 Yehgorn, SUAe AEAM 550 EHE HA
t}. EF4|2]= cyanidin-3-glucoside 31.4+9.2 ug/g, cyanidin-
3-galactoside 28.7+9.5 pg/g, cyanidin-3-arabinoside 26.5 +
6.3 ug/g, delphinidin-3-glucoside 24.2 + 5.7 ug/lg 2.2 1}
E}StaL, o224 ol cyanidin-3-galactoside 169.6 + 15.9 pg/
g, cyanidin-3-arabinoside 42.8 +10.7 pg/g, cyanidin-3-glu-
coside 6.5+3.8ug/g o2 UEIgoH EYAHEE
delphinidin-3-rutinoside 158.3 + 11.2 pg/g, delphinidin-3-glu-
coside 39.5+ 6.3 pg/g, cyanidin-3-glucoside 11.9 +3.4 ng/g
TOo R HAZHUAL, 559 AEAlRd AR F AEH 4
=, AEH 45, 51 45, U3 105, FHE 45, of
2o} 3%, BUAUE 359 /E AiES
o AEAlod AR SUARE FrehA UL, A
g, AEd, 50, EFuE, ol2 Yo}, BEYAHEE &
Hz A 7 skl AATh W 509 ATl =
EFH s AdEAOM, &

(¢}

[e:

"] 74.1+9.7 pglg, SUA= BHE, EFWE 1108+ 1.9
pg/g, oFZUo} 2189+ 6.1 ng/g, EYAUE 209.7 4.0 ng/
g= UER} o}ZUo} > EUAYE > E-7HE] > A58 > A
e >3n o7 =2 S YeRySit

HPLC-MS/MS2| &fol Zut

Ao MFEE PA7)2A HPLC-MS/MSE ©]&-3)
o Rl AlES AAETE BAUGY] v, B,
parent ©]< A=), product ©]& B}, FE|HJX|(CE,
collision energy), polarity 5 ZFEA F7-& Table 89
el 2 AE9] product iond 1 pug/mL ¥FEH-S
MEA o2 A7 23 FYsted, collision energy
(CE)Z 713} parent ion®] product ionS2 7] oj A ==
33l collison energy ab< W|AI3HA] 2dste] A &Fo]3
Aol HE 7PY 2 collision energy #< AX 3
i, o] 53 I EFE&NE FYUsHHEA MS parameter
o 274& FHAs A EEsE 175 gk SRM
chromatogram< Fig. 33} 7T} 15 gallic acid, proto-
catechuic acid, chlorogenic acid, vanillic acid, caffeic acid,

Lo

—

syringic acid, p-coumaric acid, #Ferulic acid, #-cinnamic
acid, (+)catechin, rutin, epicatechin gallate, naringin, luteolin,
naringenin, kaempferol®] ESI negative modeol|A] =2 7+
== Yeh#RIAL, ESI positive modedlA= syringic aldehyde
7 22 AEE YERlT g =AM e dE 3§
E EAA] ESI #49] A% positive modeE T} negative
modecll A ZH=7F O FraL WAL EoQiep Y # A
XM= T8N HE2xAE AT v positive, negative
modeE AH&-ste] BlaafiE A3} thA 2 negative model]
A H 52 FEE BHY Lo, syringic aldehydeTt ESI
positive mode?| Al T £& L& R} FEAOII 5
Zo| thd SRM chromatograme Fig. 4°] YEFW L
delphinidin-3-glucoside, delphinidin-3-rutinoside, cyanidin-
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Table 8. SRM parameters of the studied compounds by HPLC-

MS/MS
Parent Product CE?
) .
Compounds MW ion ion V) Polarity
125 17
Gallic acid 170 169 negative
79 25
i 109 17
Protocajcechulc 154 153 negative
acid 81 18
L. 191 24 .
Chlorogenic acid 354 353 negative
85 46
. 245 16 .
(+) Catechin 290 289 negative
203 20
. 152 17 .
Vanillic acid 168 167 negative
108 20
135 19
Caffeic acid 180 179 negative
134 28
S 123 26 .
Syringic acid 198 197 negative
95 33
L. 119 17 .
p-Coumaric acid 164 163 negative
93 37
Syringic aldehyde 182 183 195 ’ iti
ringic aldehyde ositive
yring Yy 77 23 p
L. 134 19 .
t-Ferulic acid 194 193 negative
178 16
. 300 38 .
Rutin 610 609 negative
271 58
i i 289 19
Epicatechin 442 441 negative
gallate 125 43
L 271 34 .
Naringin 580 579 negative
151 44
. 133 39 .
Luteolin 286 285 negative
151 27
. L 62 15 .
t-Cinnamic acid 148 147 negative
103 17
. . 119 32 .
Naringenin 272 271 negative
151 21
93 40 .
Kaempferol 286 285 negative
117 47
inidin-3- 303 24
Delphinidin-3- s 465 positive
glucoside 229 52
inidin-3- 303 29
Delphinidin-3-— ) gy positive
rutinoside 465 18
idin-3- 287 24
Cyanidin-3 449 449 positive
galactoside 137 54
idin-3- 287 25
Cyanidin-3 449 449 positive
glucoside 137 50
idin-3- 287 22
Cyanidin-3 419 419 positive
arabinoside 137 50

"MW : Molecular Weight
ICE : Collision Energy

E L Gallc acld

, Protocatechuic acid

)L Swringic aldehyde

|

l Epicatechin gallate
i

Naringin

| I Luteolin

] {
| Caffeic acid 0 e
A St

| swtoak aca

1
{

i

PCoumaris. acid q
J‘ Kaempferol

Fig. 3. SRM chromatogram of 17 polyphenol standards.

Delphinidin-3-ghucoside

Delphinidin-3-ndinoside

Cyanidin-3-galactoside

Cyanidin-3-glucoside

Cyanidin-3-arabinoside

Fig. 4. SRM chromatogram of 5 anthocyanin standards.

3-galactoside, cyanidin-3-glucoside, cyanidin-3-arabinoside
5-& ESI positive modeol| X =& =2 YepiAn. A
T AFAAME FEACI] B F B MS EA44]
electrospray ionization (ESI) sourceE ©]|-&3}o] positive
ionization mode= X18) 3} th. HPLC-MS/MSZ ESI posi-
tive®} negative modedll A 9] o] 23} 2712 ZE|dE 17%
% 16%2 ESI negative mode, 152 ESI positive mode,
OtEAJold 5% ESI positive modeol| A =& ZI=E 3
A AT 2 AAEH ZYHEe AE5H, AEA
ofde ofRuoprt 7MY w2 TS YERNIOH FE
FA FAES B3 715 E el ek Bl #
HE T
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ko

OoF
2

=&
2ollM FeEHe AYrE T
7678 o R aJﬂi 17% % EA et
ZAAE] WP O R HPLC, HPLC-MS/MS +#

tod A 5L ARAES AAlsith B4 S22
=+ gallic acid, protocatechuic acid, chlorogenic acid,
vanillic acid, caffeic acid, syringic acid, p-coumaric acid,
5 9% 9] phenolic acid<}
rutin, epicatechin gallate,

£ AT E EY 54
o) ==
=1 T

il

=
e Q)&
TS TY3t

W

1
o

(¢3

t-ferulic acid, 7-cinnamic acid
(+)catechin, syringic aldehyde,
naringin, luteolin, naringenin, kaempferol 5 8%<] flavonoid
2 F 174 Egdss $ARA AL, EAORdS
delphinidin-3-glucoside, delphinidin-3-rutinoside, cyanidin-
3-galactoside, cyanidin-3-glucoside, cyanidin-3-arabinoside
T 552 BAEA it EYEE 1750 & e A
e} 255.1 £ 7.5 pg/g, A S8l 2758 £5.3 ug/g, SV 78.5+
4.6 pg/g, SUAF 75.8+32 nug/g, EFwI 143.3+£5.5 pg/
g, °FZYo} 195249 pg/e, EHAUE 131.6+3.2 ng/g
2 et A= > Aeld > oj2yoel > 2R > 2
ANE > 50 > 5oA) 0w B FHE e o
EAold 5% & g Ml 824+ 172 g/, A5
Bl 952+6.1 ug/g, 1] 74.1+£9.7 pg/g, SUA BHE, B
FH|2] 110.8+ 1.9 pg/g, °F=ZY o} 2189+ 6.1 pg/g, EA
HE 209.7 + 4.0 pg/g® YR} of2 Yo} > SHAYE > &
FHlg] > AEE > e > &0 o7 w2 oS UE
stk 2 AFAY EEElEe S, FEAlRD S of=
Yoprt 7P =2 e Uehislen &5 §4 Fite
S 83 71 FE o] Zad ZoR AdtEnh
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