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Abstract

Secondary metabolites of plants have a variety of bioactivities, and ultraviolet light is known to affect the production
of such bioactivities. Mulberry is one of the most useful plants as it contains various kinds of useful ingredients.
In this study, to investigate changes in the secondary metabolites of mulberry leaves upon UV iradiation, the
leaves were untarget analyzed by using liquid chromatography-mass spectrometry (LC-MS), and the acquired scan
data were profiled by using a bioinformatics computer program, i.e., the XCMS package of R. The resulting data
profile showed that at least 35 kinds of metabolites were changed quantitatively by UV-C imradiation. Fourteen
of them were identified by isolation and nuclear magnetic resonance (NMR) spectrum comparison or by targeted
analysis. Subsequent quantitative target analysis of the identified compounds showed increases in morin (464-fold),
oxyresveratrol (256-fold), 2,3-trans-dihydromorin (170-fold), 2 * ,4 " ,2,4-tetrahydroxychalcone (120-fold), catechin
(84-fold), 4 " -prenyloxyresveratrol (43-fold), and moracin M (35-fold) as a result of UV-C imadiation. In addition,
UV-C-imadiated mulberry leaves showed increased antioxidative activity (2.1-2.4-fold) and increased tyrosinase
inhibitory activity (2.3-fold) compared to that of the control. The results of this study show that imadiation with
ultraviolet light can improve the functionality of mulbenry leaves. Thus, it may be a useful means of improving
the utility value of mulberry leaves as functional food, medicinal, or cosmetic materials.
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Table 1. Data profile of untarget analysis of UV-C irradiated mulberry leaves and identification of the compounds

Peak area (n=4)

ID no mfz [M-H]' RT (min) ool [A] W Bl Fold (B/A) p value Identification”
1 301 173 192,961 89,026,807 4614 0.024 Morin nmr
2 271 216 29,084 9,302,458 319.9 0.064 2’ 42 4-Tetrahydroxychalcone nmr
3 243 140 213,234 56,092,055 263.1 0.003 Oxyresveratrol std
4 303 133 353,600 67,947,525 1922 0.059 2,3-trans-Dihydromorin nmr
5 287 75 191,885 19,786,486 103.1 0.004 Dihydrokaempferol lit (2)
6 347 192 96,700 8,381,326 86.7 0.025
7 349 158 111,805 9,197,916 823 0.041
8 311 270 842,076 43,457,100 516 0014 4’-Prenyloxyresveratrol nmr
9 289 6.5 359,196 15,241,368 424 0.005 Catechin std
10 241 18.1 112,189 3,004,511 276 0,041 Moracin M std
11 463 104 3,346,392 18,177,891 54 0.001 Quercetin-3-0-3-3-D-glucopyranoside nmr
12 291 387 992,875 4,689,250 47 0.007
13 339 07 1,087,792 4375991 40 0.103 Morachalcone A nmr
14 833 50.0 2,343,706 7,994,384 34 0019
15 309 312 6,397,071 21,406,327 33 0.024 Moracin C
16 562 343 4,968,997 15,570,996 3.1 0.059
17 293 368 5,968,798 14,578,947 24 0.019
18 27 23 2,293,671 5,188,533 23 0.005 Moracin R
19 279 50.7 13,252,587 17,908,986 14 0428
20 277 487 77,084,558 98,287,749 13 0231
21 447 142 34,504,373 43,629,653 13 0.123 Kaempferol-3-O-3-D- glucopyranoside nmr
/) 463 126 49,536,901 61,007,737 12 0.337
23 533 155 18,127,879 20,541,511 1.1 0.671 Kaempferol-3-O-(6"-malonyl)-3-glucopyranoside lit (25)
24 481 124 3,435,388 3,754,748 11 0.704
25 609 76 3,896,161 4,143,166 11 0.854
26 353 63 80,396,725 82,696,426 10 0.693
27 433 90 9,666,116 9,929,277 1.0 0914 Quercetin-3-O-3-3-D-xylopyranoside lit (26)
28 300 30.1 6,730,597 6,891,433 10 0935 Moracin N nmr
29 505 137 23,557,559 22,856,499 10 0.853 Quercetin 3-0-(6 ~ " -O-acetyl)-3-D-glucopyranoside lit (27)
30 593 134 24204276 21,301,143 09 0.505 Kaempferol-3-O-3-D-rutinoside lit 27)
31 353 8.5 10,464,538 8,794,055 08 0.088 Chlorogenic acid std
3 609 119 66,756,386 52,443918 08 0.117 Rutin std
33 559 317 96,045,582 56,427,930 06 0.138 Mulberrofuran I lit (2)
34 721 338 87,930,311 50,186,318 06 0.067
35 755 102 4,193,416 2,252,067 05 0.239 Kaempferol-rutinoside-hexoside lit (27)

Videntified by NMR (nmr, see Table 2), by authentic standard (std, see Fig. 2), or estimated from literature on the basis of myz (lit).
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Fig. 2. EIC of 70% -methanolic extract of UV-C irradiated mulberry leaves and corresponding authentic standards (inserted).
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Fig. 3. C-18 preparative chromatogram of crude extract from UV-C irradiated mulberry leaves. Characters on peak top show fraction
numbers. F1 was chromatographed by Sephadex LH-20 prior to C-18 chromatography (inserted).
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Fig. 4. TIC (left) of preparative fractions of Fig. 2 and their mass spectrum (right).
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Table 2. NMR spectra of compounds isolated from UV-C irradiated mulberry leaves
ID no Chemical shifts” (5 ppm) Ref
'H 743 (1H, d, J=9, C-3"), 648 (IH, dd, =24, 2.4, C-5"), 6.42 (1H, d, J=2.4, C-6), 6.33 (IH, d, J=24, C-8), 6.18 (IH, d, J=18, C-6) 20
BC 177, 8, 1655, 162.8, 162.5, 159.0, 1578, 1500, 136.6, 132.2, 1116, 109.2, 105.1, 104.7, 9.3, 64.6

H 8.09 (1H, d, J=15.6, C-B), 7.89 (1H, d, J=9.0, C-6), 7.70 (1H, d, J=15.6, C-a), 7.52 (1H, d, J=8.4, C-6"), 639 (1H, dd, =24, 2.4, C5), 3
2 6.37 (1H, dd, J=24, 24, C-5’), 6.35 (1H, d, J=24, C-3’), 6.29 (1H, d, ]=24, C-3)

BC 1942, 1674, 166.1, 1628, 160.8, 142.1, 133.1, 1324, 1176, 1156, 114.9, 109.1, 109.0, 103.8, 103.6

722 (1H, d, J=9.0, C-6'), 635 QH, m, J=9.0, C-3, 5), 591 (1H, d, J=2.4, C-8), 5.87 (1H, d, J=24, C6), 539 (14, d, J=114, C2), 23
4 478 (1H, d, =114, C3)

BC 1975, 1672, 1639, 1636, 158.8, 157.2, 1294, 114.1, 1064, 1022, 100.5, 95. 7, 94.8, 78.6, 71.1

730 (1H, d, J=9.0, C-3), 721 (1H, d, J=162, C-B), 676 (1H, d, J=162, C-a), 646 (2H, s, C-2’, 6'), 630 2H, m, J=114, C-5, 6), 28
8 524 (1H, m, J=180, C-8"), 331 (1, m, J=66, C-7"), 327 (2H, d, J=6.6, C-T), 172 (3H, s, C-10), 1.62 (3H, s, C-11")

BC 1590, 1572, 138.5, 1310, 1282, 1267, 124.7, 1237, 118.1, 1154, 108.4, 105.6, 103.6, 499, 260, 23.3, 179

763 (1H, d, J=24, C-2°), 7.51 (1H, dd, J=18, 2.4, C-6"), 6.79 (1H, d, J=9.0, C-5"), 632 (1H, d, J=2.4, C-8), 6.13 (IH, d, J=1.8, C-6), 29
5.17 (1H, d, J=7.2, C-1), 3.2-3.6 (br m, rest H of glucose)

8.07 (1H, d, J=15.0, C-B), 7.74 (1H, d, J=90, C-6"), 7.7 (1H, d, J=15.0, C-a), 749 (1H, d, J=0.0, C-3), 64 (1H, d, J=9.0, C-5), 635 30
13 'H (1, dd, J=24, 24, C6), 634 (1H, d, J=2.4, C-3), 523 (IH, t, J=150, C-8), 331 (2H, d, J=7.8, C-7), 177 CH, s, C-11),
165 3H, s, C-10)

732 (1H, d, 84, C4), 686 (1H, d, 18, C-7), 682 (IH, d, 12, C3), 676 QH, s C2’, 6), 671 (IH, dd, 24, 60, C-5), 525 (1H, 3!

1

11 'H

I

15 H t, 72, C27), 331 (IH, m, C-1”), 1.77 BH, s C-5"), 1.66 3H, s C4”)

21 H 805 (2H, d, I=8.9, C-2’, 6), 6.89 (2H, d, J=8.6, C-3", 5"), 640 (1H, s, C-8), 621 (1H, s, C-6), 5.25 (1H, d, I=7.2, C-17), 3237 (br 29
m, rest H of glucose)

2 H 7.19 (1H, s, C-4), 6.87 (1H, s, C-7), 6.85 (IH, s, C-3), 6.73 (2H, d, ]=2.2, C-2’, 6'), 621 (IH, t, J=2.1, 2,2, C4"), 536 (1H, t, ]=7.3, 32

73, C9), 3.32 (2H, d, J=7.3, C-8), 1.74 (3H, s, C-11), 1.28 (3H s, C-12)
600 MHz, CD30D solvent, s; singlet, d; doublet, dd; double doublet, m; multiplet, J; coupling constant (Hz), carbon numbers are presented in Fig. 5.

Table 3. Changes in contents of secondary metabolites of mulberry leaves upon UV-C irradiation
Content (ug/gfw) (n=4)

ID no Metabolites Fold (B/A) p value
Control [A] Uv-C [B]
1 Morin 26£1.1 1,211.0£176.0 464.3 0.020
2 2’ 42 4-Tetrahydroxychalcone 0.1+0.1 149443 1202 0.027
3 Oxyresveratrol 26107 664.1£36.1 2562 0.003
4 2,3-trans-Dihydromorin 0.440.1 743184 169.8 0.056
8 4’-Prenyloxyresveratrol 0902 40.15.0 42.8 0.015
9 Catechin 2.6£19 22224277 84.2 0.015
10 Moracin M 1.0£0.3 359475 354 0.043
11 Quercetin-3-O-[3-3-D-glucopyranoside 117.748.6 142.7+22.1 12 0.377
13 Morachalcone A 0.9+0.1 34207 36 0.071
15 Moracin C 4.842.1 11519 24 0.081
21 Kaempferol-3-O-3-D-glucopyranoside 81.247.5 103.1¢7.3 13 0.104
28 Moracin N 5.8+0.7 46122 0.8 0.644
31 Chlorogenic acid 2,444.11441.8 2,893.8+257.1 12 0.439
32 Rutin 1,390.8+36.3 1,073.7+88.7 0.8 0.134
Sum 4,055 6,495 1.6

2EA BN fo|Ele] 71 =AM (data profiling)

. &) =2 A8 =] = H
28 Azle] Azte] tia) HmstmAt gk Fig. 1+ UV-CS 234F ZAFRRAL o] 2] A Sy
915 70% methanol 2 F23F] LC-MS(ESI- mode) = F-3F
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28 3 AA| o] peak(m/z 120-850)2 A|ZHH E myz
up2} UE 3t total ion chromatogram(TIC)©]t}. thZ -}
w3t UV-CE ZAFSE dollX = peak A7 S71s1
Wk ofd gl =2719] Wyt AR o] UV-C Z=Ael] ofs)
W 9o o]af tiAMEES] /g WS ot
gole 4= QT Table 12 F3i2 F249] scan datas
HE T2l XCMS package(14)E ©]-8-3to] data
profilingdt A 3}o|th LC-MSE A& A &S o] 23138 &
o] &9 A#S 7 Z3) ESI- mode® ©]- 238l 2Hy o
A, A& AAEM)S 2 dAFsKdeprotonation)dte] v
& [MH] ©]2& FdeP|= opAleh 2HT) v 22 v
(fragment ion) &% Z|A AW = 44 T 2 ©]-2(adduct
ion)e AL T ok qd o252 EAE data
profile®] 34-& @A =, E Ao A= profiling
7} o|A] CAMERA package(14)E ©]-8-5}9] fragment =
adduct ionZ wWiA| S}l [M-H WS F53 3, 29 A
0] £(19871) Z=ol|A] W2 Zke] 2,000,000 ©|slo] A}, RT
flo] 5% mHt == 50T 2HR] o] 52 FUIE HiAleI
o}, wgbA], Table 1] YEH 0|52 717t 5402
Al QS gt & 4 ok 734 4 2
7H§i e B3l =ed ols "45‘%% FHe

& olgspIt A% el Folel Yol FRE AASY

2, dob o o E 2 2

SL A=)
]

7Vlru

LCMse| A 5 shve H=d 01%94 nyz FHOZNE
F A o]t} Table 1914,

mfz=241, 243, 289, 353, 609%! 01%% EAEHEE M)©|
77} 242, 244, 290, 354, 61091 4 ES AT Z o2 o)

ATt Jing S(2)°] A/de B 1o AR HEA
BAgs 7|FoR, ol ARLS i
oxyresveratrol, catechin, chlorogenic acid, ,rutinoﬂ al) T’L?ﬂ‘:}
meba o5 ETEAR sto, 74 ZFEHC SR
chromatogram®@} A] 5.2] )| o] & Fo|A HFEZ &
st= mfze] ol&g FEst] 23 chromatogram
(extracted ion chromatogram, EIC)S B] w3+ Z 3K(Fig. 2),
G| RT7F 5 LAJsIG o, o] 5 Fdtod 9] JEEY
zr= golaqdrh

22[o ot M2l Fol

g% FR1E gIste] B Qo) FhE o] e AR
el ddo] BFEAS FHP|= 44 F2B=E UVC
S AR Yoz KE R EelE Al &S
EJJrCISCarmdgE Aelgh 25

8 |
E2FE A BEPHE o] 8ste] UV §3 peakE 7]
° E 970€] fraction(F1-F9)&
F1-2 </} chromatography T+o.

kol 2FZE S Sephadex LH-20 column® 2 13} ¥2]3F
T QA Bt} £23 fractionS LC-MSE] scan mode
2 FA3le] TICE 913 23} 5313k T peak/| 2T
A th(Fig. 4). J-ﬁ, TICo| YERd peake] &= spectrum=
ZARgE A3} BE fraction®] peakol| X EZ 2 [M-HJ
o] &%} 2M-H] o] g 4 Q3T dE £°], Fig

49|41 F1 peak®] A spectrume- B, [MH] o]l 32
3h= myz 3033} 2M-HJ o] 3l B3sh= myz 607¢] §7 E 5]
Ak o] M=3)42A] ©] peak®] A& EAFEC] 3=
Aol At ey At g Ao HAE &
e ¢ fledl, dE E°1, Fig. 494, F73} F8-& RT7}
ZY7) 29983} 310807 A2 th2rg A2 tE 355

d Aoz FEHAR BAF2 FUHA 3090]th. uhehA
Hed ARY FRE WVl 98k o9 NMR
spectrum= ZAFSES 21, FA7F 2 NMR spectrum= 8

3 HmoRA o5 Jrel FTHE AT & AU
(Table 2).

XM mAboll me witm
4o st
UV-CE ZAKGH % %
A=A=2 )R 35_._/] Z9 AR = ]/\‘] 14F2] HAEe FFE53
S ol gAY AR ¥2]9 NMR spectrum®] ¥ S &
sto] 72 goldd 5 919 oM (Fig. 5), 85 EA S
Bz Tfﬂﬂr Hwste] TR/E F5T F UATH(Table
1). Table 32> F77F EAH 1452 &l iste] UV-C
ZAte] w2 ko] WEtE LCMSE o] &3lo] g FA
gk Aot} 37 F419] A& AN Table 35 F3E4 4
9] data profile(Table 1)3} ¥ wd] HW, 3}3tEo F/HH

29| O|Xt CHAIME H 4=

o Wsk o9lol eftke] Wso] sl shuh T34 B4
9] data profile®] A5 AA AR S vlwgd &7
e gld = AT @9, SR1E 1459 AR

\1

|02 & uf, UV-C ZAF Fof] 5 919 o]} thAbit
£ T2 40 mygtwoll A 6.5 mg/gfw= 1.6¥] 71513
th A A S 2ALSHA] e oA 1459 33t 712
ko] 7h e AR chlorogenic acid[31]¢} rutin[32]

oA, o] F AT FFS 47 24 me/gfwt 1.4 mg/gfw
2A, 14F AA FF] 95%E AT 22 o] F

TS AR ZAtel| W 3R] WSS HolA] F3dTh
ol¢} 2], morin[l], 2’,4’,2,4-tetrahydroxychalcone[2],
oxyresveratrol[3], 2,3-trans-dihydromorin[4], 4’-prenylresveratrol[8],
catechin[9], moracin M[10] 5-& B} 9l4]] E?ﬂ T nglgfw
FEoE FiA o m A2 o] e e UV-C
ZAL Foll A WA o pgjefw FEOR Z £ T
7 Btk AkeAe] At ofs) gl Ftek AR
B2 UFE st 245 7H sHHEelth1,3,6,9,15,20).
Al A Al AT AT Akl 2B
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Fig. 5. Structure of compounds identified from extract of UV-C irradiated mulberry leaves.

Table 4. Changes in bioactivities of mulberry leaves upon UV-C
irradiation

Antioxidative activity (Trolox eq. L
mmol/gfw) (n=4) Tyrosinase inhibition
(Inhibition %) (n=4)

DPPH ABTS
Control [A] 2.1+021 3.0£0.32 39,8439
UVC [B] 444+0.17 8.1+026 89.6+1.8
Fold B/A) 2.1 (p<0.01) 27 (p<0.01) 23 (p<0.01)
25 e, 252 ol& S5 fst hlst &4

o] ojat thAbHES Adste Ao R delA ATh2l). £
Aol M=, EpR o] 70%-methanol F+Zof sl
DPPH ¥+ ABTS radical 2752 43 23, UV-C
ZAte] ofel B o] ksl Ed-e tixol| s
2.1 WA 274 718 A e 5= AU THTable 4).
gHA, 8] o]af thakikE Foll= tyrosinase®] €=
AAst= stEE0] UTh Tyrosinase= &21E 322 oA
polyphenol-o/] 2k3LE E35ke] melanin A49] A S et

ABA, AFol IR AME %%515}(22) 2
9] Zvl’% WAAG 9 njEiA R o] &ohe= q]_quoL]
tyrosinase ]l Al = kojic acid} arbutin®1 v, BbF A&
% morin[1], 2°,4’ 2 4-tetrahydroxychalcone[2], oxyresveratrol[3],
2,3-trans-dihydromorin[4] 5~ kojic acidL} arbutin ¥.t} 733k
tyrosinase 214 A4S YElle 2082 HuEo] ot
(3,17,2324). B AT A, UV-C ZAt] 2] o] Se] e
< IA STV oW, UV-CE AR By o 3592
i 2=7-2] 2,30 ]| o] 2% tyrosinase 4 A &35 HS

THTable 4).

Ak Ak B o] ofAf diaibES] 2 W
3}A] 71 &3] morin[1], 2°,4°,2,4-tetrahydroxychalcone[2],
oxyresveratrol[3], 2,3-trans-dihydromorin[4], 4’-prenylresveratrol
[8], catechin[9], moracin M[10]9] &2 A A= 354, Bl
= 4654 F7HA 7= Ao 2 A ATE 2ke] A At
o3 F7kekE olelg 52 3AEs B tyrosinase &
3 A T AEEEE 7= AeE BHaso] 9led,
ko) o] ZAbE B 9l ksl S-S 2.1-2.40),
tyrosinase Al E/d-& 2.3u FAIZTE olel gt A} A
= AR AL BT Qo] Vs EAIA 7154
213, g e SPE AAEA G &8 THRE AT
&3 Fro] H F S-S Hdth

2 o

21E9] oA} AR theket AR S A 29
A& ozt thakkEe] A Fake PIA= Aem A
Atk U= o TR 18 RS Eote] 48
W7 =& AE F9] shuolth & ATl =, UV AL
of mE FpF Ao ol AMFES] WSS XAl
%’46}04, U 9l LOMSE o &dlo] 734 Ay C
A on, 7E2 BHog AL scan dataZS
bioinformatics 21821 R2] XCMS packageE ©|-&-3}]
profiling ¢+ Az}, Aol % 35%F ©|/F9] sgEeA UV-C
ZAbel| E Al WSt BE T ol T 1459
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3}3HE-S E2] 2 NMR spectrum Hlul 8 ¥4 B4 &
Fot] TRE Ilstion, ER7F ERlE Ao el
2ok BA-8 5283 23} morin(4641), oxyresveratrol(256HH),
2,3-trans-dihydromorin(170%), 2°,4°,2,4-tetrahydroxychalcone
(1204W), catechin(84H4H), 4’-prenyloxyresveratrol(43Hl]), moracin
M@35Hl) F9 3ol dAsHAl Sk A o= YEFsTh
T3 UV-CE ARG By ol gz Hste] gits)
g o] 2.1-2.44), tyrosinase A /gl 2.3 F7HgE o
2 A AT o]t AL A A e] A B
T o] 71585 A 7164 AE, O e SPE
LA EA G &E 7R E P E FES o] 2 F
UeS Heldh

ox [

l:r!‘
l

ZAtel 2

2 d7E darkEdista 2017d s AT Ao
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