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Abstract: Objectives: Mulberry leaves are used in traditional medicine as hypoglycaemic and hypotensive agents and their
mechanism is related to the content of bioactive ingredients. To evaluate the different biological activities of mulberry leaf
extracts, including the content of bioactive ingredients, antioxidant activity and a-amylase inhibitory activity. Methods: The
crude extracts of polyphenols were separated and purified into three fractions: Anthocyanins, non-anthocyanin polyphenols
and water fractions by SPE (solid phase extraction), and the polyphenols in mulberry leaves were systematically
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characterized and quantified by HPLC-PDA and HPLC-ESI/MS?. The antioxidant activities of the different extracts were
determined using three methods: DPPH (1,1-diphenyl-2-picrylhydrazyl), ABTS (2,2'-azino-bis (3-ethylbenzothiazoline-6-
sulfonic acid)) and FRAP (ferric reducing antioxidant power). The total phenolic, total anthocyanin and total proanthoc-
yanidin contents of the mulberry leaf extracts were determined by the Folin-Ciocalteu's, pH-differential and colorimetric
methods. Results: 6 anthocyanins and 42 non-anthocyanin polyphenols were identified in mulberry leaves, among which,
petunidin-3-glucoside and proanthocyanidin derivatives were in high content. The total phenolic, total anthocyanin and total
proanthocyanidin contents of the mulberry leaves were 14.09 mg GAE/g DW, 0.17 mg C3G/g DW and 17.24 pg PA2/g
DW, respectively. The ICs, (semi-inhibitory concentration) values of the polyphenol crude extracts, anthocyanins, non-
anthocyanin polyphenols and water fraction against a-amylase were 8.31, 13.70, 0.25 and 12.00 mg/mL, respectively,
which showed that the non-anthocyanin polyphenols had the highest a-amylase inhibitory activity. Conclusion: Mulberry
leaves had strong antioxidant activity, and anthocyanins showed the highest antioxidant activity. These results can provide
an important reference for the use of Mongolian mulberry leaves as functional foods.
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Fig.1 Mass spectrum of anthocyanins in mulberry leaves
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Fig.2 Mass spectrum of non-anthocyanin polyphenols in
mulberry leaves
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Table 1 Identification of polyphenols from mulberry leaves
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MR MR st PR o R MS ) L Lo Rt
(min) MW
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PIAUNES
smidin.2. ,;’?'\E‘%,\—3—
Al 5478 1328776 CHaiOn 27 62716 627.11 303.05 Delphinidin-3-  WHRRA3BE 53 (00045 [17]
sophoroside At
I o
A2 5662 637105 CaoHoOu 611 61116 611.16  287.05 Cyanidin-3 REBZEIM 50 045 9250035 [17]
sophoroside W
i qin 2. 7= /\_3_
A3 14462 2174310 CasHasO1r 641 64121 64139 317.10 Petunidin-3 RAELZIM g0 311 5.17¢0.85  [17]
sophoroside W
i 11—/\_3_
A4 14576 9.18198 CoaHoiOn 449 44914 449.11 287.05 Cyanidin-3 KI5 285 11.07£049  [17]
glucoside e
inidin-3- MERTE-3-2%
A5 14793 1817112 CHaiO16 611 61116 61137  303.05 Delphinidin-3-  CHME 3-S5 o) he 6 g1 [17]
rutinoside R
i qin_2. 75 /\‘_3_ ==
A6 27677 3638933 CoHosOn 479 47906 47934 31729 Petunidin-3 BAETEM 500,280 33360072 [17]
glucoside e
TS A R TR AL A
in-34- M E-34- 4
14 CooHL O Quercetin-3,4 Wﬁf‘ » 228,293, 339
44820 7513943 CpHyOp 626 62504 62514 463.09/301.04 ot . 0.0086+0.0005 [18]
Myricetin-3- -3
U9 C,H,,0 Y f
%9 11597 181.19679 C,HyO,; 480 47925  479.12  317.07 ealnctoside o 320 0.018+£0.0023  [18]
o g~
IE10 12.638 1026042 C,Hy,gO,; 480  481.14  481.13 317.09 Myricetin-3 WS35 571 340 0,001720.0001 [18]
glucoside LREN
179.00/255.03/ A : -
W13 16444 2906368 CyHyOrs 610  609.15  609.15 30003  Quercetin hexose- Wﬁi%ﬁga 281,338 0.0039+0.0002 [19]
301.03 hexoside &
in7-p- WHEE-TpT
W14 CyoH,,0 Quercetin-7-p S TP 230,287,318
£14 20879 11630222 CygHaiO1s 610 609.15 60915 300.03/301.03 <00 F W e e AT A 0.017£0.004  [17]
3- Z3f-3-25
W16 22.414 12979359 CyHyOps 594 593.15  593.15 284.03/285.04 Ka,fﬁiﬁiiﬁﬁf WEEBS-2F 022319 0.016£0.0007 [18]
3- ZEy-3- A
17 22791 4384216 CyHyO,, 448  447.15  447.00 175.04/285.04 acmpferol-3 WEE3-% 519 378 0,005920.0005 [18]
glucoside Wt
18 23242 383.03568 CyHyO, 464 46316 463.09 300.03/301.04  Quereetin3 WECE S 503 300 0.04720.0038 [18]
galactoside W
151.00/255.03/
520 23.614 14.92902 C,H,iOp, 464  463.16  463.09 271.02/300.03/  Hyperoside S4Bk 227,260,311 0.0018+0.0005 [17]
301.04
- T
W21 24776 11033363 CyHyO,, 464  463.16  463.16 30111 Quercetin-3 WS 00 318 0.017:0.0039 [18]
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W22 25213 7897507 C,HyOp, 464  463.16  463.16 301.11  Quercetin-hexoside MR E-COBHIT 259,360  0.0094+0.0003 [19]
o b7
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525 C,,H,,0 P ey
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426 C,,H,,0 P e
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g
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Isorhamnetin-3- 5% 2= -3-4]
130 C,,H,,0 el 288,369
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Isorhamnetin-7-O- %ﬁ§§-7-o-
31 29.110 82.88288 CpH, O3 520 519.03 51932 315.12 (6-O-acetyl)-  (6-O-4BZ. 317 0.0092+0.0007 [17]
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Ersilie ety Y]
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259.06 hexoside
HRERERIL G
036 38.720 6.44894 CsH 05 290  289.01  288.99 220.98 Epicatechin FKILAFE 229,285 13.79£0.42  [20]
1439 42779 4331869 C;sH; ;0 290  289.01  289.14 245.15 (-)-Catechin ()-JLAE#E 241,310 89.67+0.61  [20]
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LAY
e
19 23498 2270310 CsH,gO, 448  447.15 447.09 28504  Luteolin-hexoside Njﬁf o 310 0.0029+0.0004 [19]
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3 /\_7_
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Table 2 Contents of total phenolic, total anthocyanin, and total proanthocyanidin of each component in mulberry leaves

SNy B H o SR E
Z TR 14.09+0.37° 0.17+0.03" 17.2442.23¢
P A EAT Z WY 50.06+0.84° 0.04+0.01° 90.74+1.69°
piAuNER L] 5.13+0.11° 1.66+0.19* 23.43+6.85
K2 11.47+0.32° 0.02+0.01° 0.03+0.01¢

VE: SR )N R 2 P<0.0S /K |- 2 52 . 25 63~ 224 T
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Table 3  Antioxidant properties of different components of mulberry leaves

B
B ks> DPPH ABTS FRAP
(mg Trolox/g DW) (mg Trolox/g DW) (mg FeSO,-7H,0/g DW)
Z kAR 1.14+0.02° 0.45+0.01¢ 2.17+0.12°
P e AT HEIY) 48.45+0.47" 12.64+0.07* 5.68+0.19*
AT Z I 10.87+0.04° 2.88+0.01¢ 0.09+0.03°
K2 0.79+0.10°¢ 9.11+0.02° 0.03+0.01°
F 4 FMREL X a-3E 8 B 0 EI4E
Table 4 Inhibitory effects of different components of mulberry leaves on a-amylase
B *ﬁgﬁfﬂﬁ? 10 IR K et R
Bt o e 0.081° Y=4353x+13.628, R*=0.9679
Z R 8.31+1.32% Y=6.654x+2.8681, R*=0.9834
2t G 13.70+11.76° Y=5.2571x+4.922, R*>=0.8778
ALt Z BB 0.25+0.080° Y=203.45x+0.3905, R>=0.9953
K2 12.00+3.05° Y=4.9495x+0.9387, R>=0.9648
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