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Abstract

Mulberry fruit is a superior source of polyphenols, especially anthocyanin, and has a long history of use as an edible fruit and
traditional medicine. The anthocyanin composition of mulberry fruit from 15 Korean cultivars was analyzed by ultra-performance
liquid chromatography diode array detector with quadrupole time of flight/mass spectrometry (UPLC-DAD-QToF/MS) based on a
cyanin internal standard. The four glycosides were identified by comparison with authentic standards and published reports. The major
anthocyanin was cyanidin 3-O-glucoside (71.7%), followed by cyanidin 3-O-rutinoside (26.6%). The minor components (total of 1.7%)
were pelargonidin 3-O-glucoside and pelargonidin 3-O-rutinoside. The total anthocyanin content (mg/100 g, dry weight) of mulberry
fruit varied by cultivar and ranged from 471.5+4.0 (Su Hong) to 4,700.2+54.0 (Gwa Sang2). Among the 15 cultivars examined, Gwa
Sang?2 showed the highest level of cyanidin 3-O-glucoside (3,133.4+32.6), which was 9-fold higher than that of Su Hong (351.5£3.4).
In conclusion, anthocyanin profiles, including pelargonidin 3-O-glucoside and pelargonidin 3-O-rutinoside, were reported for the first
time from 15 Korean mulberry fruit cultivars. The results will contribute valuable information on pharmaceutical properties, breeding
superior mulberry cultivars, and food industries.
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of &FHol = HEdE F StUE, A Wolld F=
A R Aot A dEE Ee G40 95 7t
£} =] o] anthocyanidin?} sugarsZ A £2]H th(Choung MG
2004). =9 anthocyanidin 6(cyanidin, delphinidin, malvidin,
pelargonidin, peonidin, petunidinyS 7|¥t 0 & dlo] Fo] A3} ¢
A 9 2% hydroxyl groups( —OH)2} methoxy group( -~ OCH;)S]

23} 91719} 2-0f uheh ole] E20] QheAlobo] BAHH
(Khoo 5 2017). U]= tEZQ] QtEA|oPIS] FQ A=,
U F2 Qs HEZF 5 B2 4 EH2H| Y
of Hlsl QtEAJold Thgo] Rerou, P, EFHY
9 2tzH|elEt Zh2) oF 134, 244 L 6Hl] =2 ot
(Bae 5 2015; Yang & Choi 2017). T3t FAE O 2= cyanidin
3-O-glucoside®} cyanidin 3-O-rutinoside”} 7:3 H|- &2 H I3}
1L Q] O™ (Pawlowska 5 2008; Qin 5 2010), cyanidin 3-O-
glucoside®] $FFS T O] 21H], 1|9 3u] o]Atof Galth
1 918 H ohKim HB 2003; Jeong 5 2017). o] 2|3t QtE AJo}
d 24 % o] A FAKChen T 2021), T
(Yan 5 2016), A7 22 (Bhuiyan 5 2011) S ZHAHE A
SH(Yuan & Zhao 2017) 59 &3/} & A it ESHdF 7
% 9% 9 SR 24 oAlo] Bt o] BiE whgle
™ (Hassimotto 5 2013; Cho 5 2017), o] Bof| = FulH Al ul
24 Yo U2 RE E&St cyanidin 3-O-glucosideS
A7150] ot A, P A4 " AIY A 2 s
o] g5 Zth(Lee 5 2014).

=7F - F5E FF(me/100 g, FAF) ¥lwo] H=d F

=, = 9 ojgE|opit @Hj= QEEAJod o] Qlof 7+
ZF 19.0~193.0, 13.7~206.6 L 24.7~289.29] =2 S}=FS L}E}

H.0 ™ (Liang 5 2012; Chen -5 2016; Negro 5 2019), FUA],
O]E 9 7|42 1.4~10.1, 12.1~19.4 & 0.3~83.00.2 A}t &
o7 o gleFo] olx]ith(Ozgen S 2009; Aljane & Sdiri
2016; Krishna 5 2020) o4 EEE & AEAlotd FFS
A Aol ugon, A4z B B52 49 B

Ui}, YL 2}21L 206.6, 159.9, 574 408 % oh%o]
L}E}”ﬂ-(Bae & Suh 2007; Choi 5 2012).

A4 "ol olw Y FEACH 3L o
ovmidn ARo] % o}%2 slovl, Tiges Lol
pelargonidin A2of That F1f AL ol
Pawlowska 5(2008) 2! Kim & Lee(2020)2] 01?-01%1, MS ]
HkO 2 pelargonidin A E 2] FEAJoMd 24 & 01'%3: =4 0]
olFolf o}, slze] F) Q1T GhREL 1C RO F
ZFo] H7}% 9 0 H(Kim 5 2010; Lee & Choi 2013; Choi &
2015a; Kim 5 2019a; Jang 5 2022), T}F3F 51 QFEA|o}f
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2. StEAOH F&=9| M=

QFEAoR 222 Kim 5(2012) D Kim S(2019b)0 55
B AA1E S Zastelon, A EUAIE 02 g2
Z=Z g ufj(water:formic acid=95:5, v/v) 10 mLe} &3}5}0] 405
Bt wRksHITh A7] AL 2,016xgol A 1587 A&
2](Gyrozen Co., Daejeon, Korea)st &, E-2]% AZEHS 045 ym
syringe filter(PVDF, 25 mm, Whatman International, Maidstone,
Kent, UK)Z ol 83te] olz}aheic). ohzAlopde] Alejasl
HE YAZE 98] HyperSep Retain-PEP 7}E 2] A|(Thermo
Scientific, Bellefonte, PA, USA)°]| methanol 3 mL, water 6 mL
£ &AUE ZEFo 843 AlzeH, 45H 0.5 mL 3
WEHEEE4 (cyanin, 125 ppm) 1 mLE 22 loading SF3I Y.
7FEZA] W EE AAE 2I5t] water 6 mLE 28 washing
S} 11, methanol 12 mLE S&HE QFEAJord AE-S Hojst

|51t 592 N, 7HAR 6] 553 th3 0.5 mL
9] F&gwE A-&3fslod, 0.2 um syringe filter(PVDF, 13
mm)2 o T}st T UPLC-DAD-QToF/MSZ E-A5tgict. 7 A
2 WHEEEEH (cyanin)a} Bl Sko] A&l ghE e
Wi, F5EE 33 vhE AJgste] dojxl AdE Bt
4 EFHAE FASH

3. UPLC-DAD-QTOF/MS &£4
SHERH E gEArd {FEAE ZF5H] A
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diode array detector(DAD)7} &=l UPLC(Waters, ACQUITY
UPLC™ system, Waters Co., Milford, MA, USA)Z ©]-8-35}0]
A5}t AH-2 CORTECS UPLC T3(2.1x150 mm LD.,
1.6 um; Waters, Wexford, Ireland)S AM85}H 1, ES AHLS
CORTECS UPLC T3 VanGuardTM(ZlXSO mm [D., 1.6 pm;
Waters)S AME-SFITE HE T2 250~500 nm(tHHEuH
515 nm) 9|2 A7gstlon, 43 08 2L+ 30T, A&
FAFL 1 uLZE sl¥t. o] 5O 2= A(5% formic acid in
water)2} B(5% formic acid in water/acetonitrile, 1:1, v/v)& A}
got9loH, 442 0.3 mL/min °|9itt. olE4; FHIRALS
BE 10%= AJZ5ta] 288714 50%, 33E71A] 90%= Z7HA|
2 % 38R 5B RASEOS, BEAA A 10%2
FAAZIAL 502714 HASFSHATHS 508). T+ 58
25to] QToF-MS(Xevo, G2-S QToF, Waters MS Technologies,
Manchester, UK)Z positive ion modeo]| 4] AT EA4-& 435}
At o]of thst H A5t ZACF capillary, sampling cone
extraction cone?] AL ZFHzF 3,500 V, 40 V E 4.0 VE AF
519911, ion source ¥ desolvation 2T = 120C ¥ 500C=
o}t 14to] desolvation gas+= 1,050 L/hr, cone gast= 50
L2 E859lom, Aol A7 W= mkz 50~1,2000.2
sttt A& 7iE ARY 582 7€ dFa%e A%
e YRS Farste] JYPsHH, o5 TFFmg/100 g,
dry weight)> A= 2] g0l A FAH HFEHEFEH (cyanin)
o WA 7} JEd HAS LR Blsto] 4HESHIH

4. SHAZ

2 AYE 33] ¥HE AAISto] 7t S479] Bt £
2= AFESEg o, EAE AL SPSS(Statistical Package for
the Social Science, Ver. 20.0 SPSS Inc., Chicago, IL, USA)
softwares ©|-85tth. A7 719 Zo] {FFEE One-way
ANOVAR EA35HY, 945 5% 4] Duncan’s multiple
range test®= A|27HO] {245 HASHATHp<0.05).
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[e]
NEAHELS 31519 tH(Table 1, Fig. 1). £8]H AFEAopd
L cyanidin @ pelargoniding 7| & LR & 5}o], Z+Zho] o2
2|2 29 glucose(Glu, m/z 162)2} rutinose(Rut, m/z 308)7}
3:0H Ao 4 st elo] Belsgon, ol 71z
HaE A} FAFSHA glucose > rutinose?] A& §E 5
i th(Pawlowska 5 2008; Zhang 5 2011).

Zt peak’d UV 2 MS spectrume 18 A3}, peak 1 I
2= Hd F5 8 Ame)Cl 515 nm= WEH O™, mz 287
[C1sH1106]"9] fragment ion©] 7Z&E]0] cyanidin(CisH,;10s) #|
o] QEAJoPd 0 & SRIE| It} Peak 1941 m/z 449[MT',
287[M - Glu]', peak 20]A1= m/z 595[M]’, 449[M -Rhamy’,

1 PDA
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Fig. 1. HPLC chromatograms (wavelength at 515 nm) of
individual anthocyanins extracted from Korean mulberry
fruit (Gwa Sang2). Compound names are presented
according to peak number in Table 1. Internal standard
(ISTD): cyanidin 3,5-di-O-glucoside (cyanin) 250 ppm.

Table 1. Identified four anthocyanins and their mass and UV spectrometric data from mulberry fruits

Peak No.”  RT (min) Identification UV spectrum (nm) MW? Fragment ions pattern (m/z)
1 8.43 Cyanidin 3-O-glucoside 280, 515 449 449[M]", 287[M - Glu]"
2 9.51 Cyanidin 3-O-rutinoside 280, 517 595 595[M]", 449[M - Rham]’, 287[M - Rut]"
3 10.31 Pelargonidin 3-O-glucoside 276, 502 433 433[M]", 271[M - Glu]
4 11.48 Pelargonidin 3-O-rutinoside 277, 502 579 579[M]", 433[M -Rham]’, 271[M —-Rut]"

All samples analyzed in positive ESI-ionization mode (m/z, [M]") using UPLC-DAD-QToF/MS.

Y The elution order of anthocyanins from HPLC chromatogram.
2 MW: molecular weight.
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287[M -Rut] 9] j€o] &= 2H, Veberic
AlgE A% diHE EOE peak 12
(CuH201)E, peak 2= ©]of rhamnose(CsHi04)7F A=
cyanidin 3-O-rutinoside(Cy;H31015)2 575t} Peak 3 H 4
£ m/z 271[CisH, 0s] oA ofZE]& o]2o] HEE o
500 nmof| 4] F| &S et o] pelargonidin(CisH,10s)
AL9] etEAJopd o2 A rHQin 5 2010). E3 o] &
SHHE-2 Z47F BEA} o] 0] m/z 433[M]" E m/z 579[M]" 2.
2 SIEHom peak 1 8 20k S B BAZE AL
7h= ©wol sfeo] = o] pelargonidin 3-O-glucoside
(C21H21010)2} pelargonidin 3-O-rutinoside(Cy7H3 014) 2 24 &
It 3 ATo|A] BHE ShEAORIS S| Ao Aot
QAFA.CH(Jin £ 2015; Li 5 2023), BEE Q%] of= g
912 S S5 oArkFig. 2).

5(2015)0] A
cyanidin 3-O-glucoside

2. 2C| S50 ME 7Y HEAOH &HEF Hlw
ol AeiE 2 1555EH2S, dgddA, o4,
EHAEL AC} ‘{l\_'?':_s —l_ O —}l\_ﬁ- /\173— /\] o ?j_/g_a Q}‘}l\", %]‘{l\_)

Y, &%) Y AdEA oM %Pak(mg/loo g, dry weighty&
Table 20f A|AISFATE. ATHA Q1 HFEAS floto] DA
A v A QPgFolm AR U 89 peak?}t AX|A| 3=

174 - ek

- OlAE - 25

BHEZEZA cyaning 0]-83t0] £, relative response
factors T B4 L2 A2 SreFS FH7 ].o}oﬂrjr [3=| %}
& & AEAoId SRS 471.5~4,700.29] WS YERNS]
2}4~(3,840.5+31.1)2F IHJ25.(4,700.2+54.0091 4 7 =2 —’F
T2 HdoH, 7MY W2 8(471.5:4.00°] BI3f °F 8~10H)
=2 gHFo g 5919l Zfo]E KL} o= Choi 5(2015b)
| Barsk X199 = Qt(562.0~7,580.0) U F=of| 4] Afjuf
g 2T(0~4,840.009] & FEAJoF o HE W ol
o, olgtgjo} EE(247.0~2,061.0)2T} =74 e TtHBao
S 2016; Negro 5 2019). FE3F T4, 2l 9 7412359} Zo|
4“4 A717F F F5E AEA o o] =4 L}EP'P s
W, B0 7|17 A2 8 E HYL T Tge] 7P WA
UeRdtha B HF glow, o]= & Aol At ‘rr/\]'

o

SFATHKim 5 2010; Lee & Choi 2013).
o 4 OPE/\]O}H— cyanidin Algo] AA TF F
98.3%9] ¢ =2 H|SZ AA[ote AR UEgoH, 7]

£ AT ZRoME 2T E HHoH=s F8 HJECE HIE
I th(Stefanut 5 2011). 7HE AEAJoFA cyanidin 3-O-glucoside
9 cyanidin 3-O-rutinosidex= 351.5~3,133.4 2 101.5~1,497.19]
I BERE HoloH, F UAEAoR 9] 66.7~74.7%(
F 71.7%) 2 21.5-31.9%(8F 26.6%)= A5t tHKamiloglu
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HO o
[ i 0. 2 ot St
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Fig. 2. Positive mass fragmentation (m/z, [M]") from Korean mulberry fruit(Gwa Sang2). A) Cyanidin 3-O-glucoside (m/z
449); B) cyanidin 3-O-rutinoside (m/z 595); C) pelargonidin 3-O-glucoside (m/z 433); D) pelargonidin 3-O-rutinoside (m/z 579).
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Table 2. Contents of anthocyanins (mg/100 g, dry weight) according to Korean mulberry fruit cultivars

Anthocyanin glycosides

Peak D:
No. Gwa D:ne Dae Dae Sang Su Su
Sang2 Sangg Sung Shim Chon Won Hyang

Su Shim Shim
Hong Gang Heung Su Su 1 Jo

Yeong

Cheon 1k Cheong Cheong Hong

Sang

3,133.4432.6" 1,208.8+13.2' 2271.510.9° 1,847.9422.0F 1,219.749.2" 1,811.9+18.7" 1,142.9+11.9°  351.5+3.4™ 2,114.116.5° 2,067.7+17.4° 1,178.1+4.6 2,760.6+20.7° 2,063.4+15.2° 1,110.129.7" 1,934.6+11.0°

1
2 1497.14174° 508365  8624+2.1°  835.1492!  401.8834  575.7468" 3897457
3

514436° 26804 260204 174:02" 141208 31.8:0.1° 14.2+0.4¢

4 184:08°  73+0.1%  7405% 50205 25402 62402"  3402"

1015£0.6  864.4+10.0° 6737447 397332 1,046.2494°  747.6+47" 379.5:45°  819.9+0.8°
185:02"  64.8£1.0°  30.5:04¢ 296200

263£2.0°  52.5:1.9°  28.1x1.5%  285+1.9%

ND." 19.6+1.0° 61405 71x03°  73x08°  123x0.1° 7.040.1° 8001

Total 4,700.2+54.0" 1,751.2+19.7' 3,167.313.4° 2,705.4431.58 1,638.111.7 2,425.5425.5" 1,550.1+17.3°  471.5+4.0' 3,062.8£27.7° 2,778.0421.8" 1,612.140.7 3,840.5+31.1° 2,875.9+18.0° 1,524.7+12.1% 2,791.0+11.2

All data are calculated as means+S.D. (n=3) using internal standard (cyanin).

“"Different small letters in the same row with mean values (n=3) indicate a significant difference at p<0.05 by Duncan’s multiple range test.

D N.D.: not detected.

5 2013). T3F 2 $H3 cyanidin 3-O-glucoside & cyanidin
3-O-rutinoside(640.2 % 197.8)= F=H|Z|(11.9 A 106.0)2} &
o2 (193.3 € 35.3)9] Bl A YEtY HEF SolA e
el &4 a7t 98 Ao E WHEUTHLee 5 2015).
1 9] AHEL pelargonidin(1.7%) AL =2 u|3F ER)|5}9 00
pelargonidin 3-O-glucoside(1.4%) T2 14.1~64.89] HY=Z
A, A, e =02 WA YEbH T 3T pelargonidin
3-O-rutinoside(0.3%)= A7 A 19.6£1.0°22 7} =2 3}
= Helow, 3= A9 HEHA LU olHT
A= oA BAtE s QU ERE dEACR v|F 4
ol et g ESHEE A3 AR ZAxfolth. Veberic &
(2015)°] =™ B7]oA QHe} FASH AL FEAJoH
(cyanidin ¥ pelargonidin)°] &1% H} Qlt}. £3| pelargonidin
3-Oglucoside’= B7] 0] 28 JHOZ 7] HEAOH ¥
(153~652)2] 85.5%= 2}A|51H, @t] tjun] 2F oufj o]Ato g
UERGTHCerezo 5 2010; Bae 5 2015). S G7|25E &
2% pelargonidin 3-O-glucoside & pelargonidin 3-O-rutinoside
L A3t AEAS ST, AT 1EYE AN
a-glucosidase JA| Gi}o] s e H oHXu 5 2018;
Xu £ 2019).

REAON 247} BeFS EFE THsto] AuAI o
vl (Jiang & Nie 2015; Jin 5 2015; Kim 5 2015), 5~8HA] 7]
(Yang 5 2017)85F of2} /d< I (Lee & Hwang 2017), 55+
T 2Z(Kim 5 2020), =R (Kim & Lee 2017) 5of ozt
Hol7k et A2 WA ol 4, 717, 5% 59
17474 .<10] o|ATAIAHE S0l Bojatol TS| S
Kot Tl FFE DA Aol ARETEm 5
2023). whebd BE7 W 0| 0E QAL FF ofe]
A 845 1sto] oo it 7} A7 /Y Ao=w
Holth |4 Y Y u|zFAdE2l pelargonidin 3-O-glucoside
@} pelargonidin 3-O-rutinoside] $tF JHE L35 QLEA]
oid ghgwiolof thet A7t BESH Ao =, oA A

fEs

H ¥ fF5EE 0de 2HE Brsked ool A
olo] wet QU= RE n|gFgEol tiet FEet 7= 5 3
F F7PF aFHY, 3% g F50 oE v I
7t AAH oz sFEojof & Zom HeIth EIT
cyanidin ¥iBAE B Rt e AEAORD AR
A M, olet &2 7N shghEe] Higt FAIAS] FE=
T A B A2e 55 S48 53 ddd Ao 2
g 4 s 2= 7t

0t

of gl =

4

Aol A= UPLC-DAD-QToF/MSE ©]-&5tof =]l
A BASE ot 1SEE0RNE % 4%0] A8 StEAo}

28 A4 9 A BAsst ore] Ha Aol
T (mg/100 g, dry weight) 2,459.6°0.F UEIG}OoH, &
ol et 3A ZolE EArh 53] 94+(3,840.5£31.1)
2547002454 000 M 7P A LEREO B, @715
+4.0) 2 HA(1,524.7£12.1)001 4 7HF W2 Ao 2 ERIE ]
ot 249 F9 AEL2 cyanidin 3-O-glucoside ¥ cyanidin
3-O-rutinoside 2, cyanidin 3-O-glucoside®] 3% 70% ©]AF9]
7V w2 T vss UEITh 38 g7l it #5
¥ SRS 351.5~3,133.4 @ 101.5~1,497.1 HYE EFom,
s, o, ti4, A7 0 R & S Bt E3t
pelargonidin 3-O-glucoside(1.4%) & pelargonidin 3-O-rutinoside
(0.3%)°] Hat FF2 22F 307 & 782 YR & AT
= 249 SRR A 9 FF57E0) S8% ARE AlE
o 9k ofye} S b AR|FE STHAIE 4 e AR
2% 983 7isAo] ook wek,

ox o M
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