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Abstract: Clarifying the nutritional and antioxidant characteristics of introduced mulberry leaves aids development and
utilization in Hexi region, China. The main nutrients and functional components of fruit and leaf mulberries, and
correlations between antioxidant capacities of their leaf extracts, were investigated. Crude protein, crude fat, reduced sugar,

and ash contents of leaf mulberry were significantly higher than those of fruit mulberry (P<0.05), while differences in
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y-aminobutyric acid and rutin in leaves of these two cultivars were not significant (P>0.05). Flavonoid concentrations in
leaf mulberry (50.57 mg.g™') were significantly higher than in fruit mulberry (46.96 mg.g™") (P<0.05), but differences in
polyphenol and crude polysaccharide concentrations between them were not significant. Mineral contents in fruit and leaf
mulberry leaves were high in potassium and low in sodium, and occur in the order K>Ca>Mg>Na>Fe. Leaf mulberry K,
Mn, Zn, Cu and Ni contents were higher than those in fruit mulberry, while the opposite holds for Ca, Mg, Na and Fe
contents. The Index for Nutritional Quality (INQ) of Na, crude fat, and reduced sugar contents in fruit and leaf mulberry
leaves were<1, while K, Mn, Ca, Mg, Zn, Fe, Cu, and crude protein contents were>1. Additionally, nutrition equivalent
(NEU) from leaf mulberry exceeds that of fruit mulberry. Flavones and polysaccharides in fruit mulberry have higher DPPH
radical clearance activity than leaf mulberry, but flavonoids in leaf mulberry had higher radical clearance of ABTS" than
fruit mulberry. There was little difference in polysaccharide clearance of ABTS™ between the two cultivars. Highly
significant positive correlations (correlation coefficients ranging 0.899~0.991) in flavonoid, rutin, polyphenol and
polysaccharide content DPPH radical scavenging exist between the two cultivars. There was no significant difference in the

ABTS" free radical scavenging rate. The nutritional function and antioxidant activity of leaf mulberry exceed those of fruit

mulberry, which was more suitable for the Hexi region.

Key words: fruit mulberry; leaf mulberry; nutritional functional components; antioxidant activity; correlation

FM (Morus alba L.)J=—FpMAFEAR, HATRR
PIPTIE | PrEbrAs EEE S, [T a1 S .
TPkl AEASSEME, TR R SR,

R ERBHEY TR, VB MGG 2 &
A, BERT PR AR BLL ), Bk, M5,
JEl . IR, R EFRMEEE, & Sk E59 .
WYy . 22 0y R B T A A T TR A, HLAT R IR
VA S AR IUEE . boéelfb., Puiid . i, buk IR
AFEE A B B,

PTAESRE, VP22 2435 X 38 138 3R DI RE B3 At
AL THEACT RE TSR, 222255 [WHTFT & BT
SEFITEH 5 SR S 1) S A AR 25 7 TR 9257 $REH
W FE 55 A SR Z2 Wy | B S 2 X AU AR R
PHAT TIPY, G521 R By B BaR b A i
T, I HZ M WP AR e s 103 4™ W & 31
Wy EA RAFIPTEALT:; Zhang 250 % b [EZR
FRAS [F AR I, DX S - (4) A s RN 22 5 it e A A R
TTVEY, a5 SRR SR nH 1 U8 AP L AT
PEZESFRI R . IR, T PE R R B, iR 22K FE7K
> FEER, R R, LB BT 55X
), 5 GE BASHL X A=K S oA S A LR
G o [RIRTASHLIX R AR A 22, IR LA P %
BEFPAE, ST, ARFIBAM L ZRIGTTS | ASRFRFINSE,
AE H /X5 PP SR () S b v g 35 ml oy 0 S AN s 4
SE RAEMAE RGTTEER D . A SO R P A
A | Bl SRS St orh R BEE SR | TIRE N
SrEAT T AT, [RIET XS PR SRR rh B e . 2. £
Wy T RS BTV RS DPPH. ABTSY A 3L ag P4
TbBe 1T T SY . MR RS RN 2t B B SR AL
53 KA A bTE TR i SR iR AL, BE A BRI
HAEFELEZE L,

1 MRlEREE
1.1 MRS5S

REE M BIFPFILARIGYT, PIME T PE BT

25 AR, AE5 (2 4208 SR RIS -2 5L T

M2 riral, i ve fbaalon 2 /s iR . AR
e, OmR . Anhilk sl E 25 AR b
oS E s 1,1- 58 B 25 jF 3 (DPPH) (HPLC =
98%) . 2,23 Hh- M- (3-Z, FEHE IF — E HEMR -6 -Fitly
iR ) —4EER (ABTS) (4l =99.0%) E[E Sigma 2
s bR RSB TIR . T iR E]
B kel INARE B AL iR kel RIEERHS
BRSNS o

600Y BRI Z IR AL R R TTEARR T4
Tl A PR Al CP214 R iR (i)

A BRAF; Sx2-5-12 BITh g KybHi ARG
SP-3520AAPC-8 R FIIK/HGERETT iR GIEY
PRAT PR 2N F] s DHG-9140A % v, T V8 8% XU T 146
_Fig—IERHEY AR Tl KDN-08 Wik iy
ST AR F; CR2IGIH BIESEBZEE oL H
A H AT F] KQ-250B AL S E iR BT
P BRAS 7]; DR6000 25401 BLAME 6 58
[l W A5 2 F s HH-6J #E 14 FEK R A dx Xk
AWALART s LC-20AT WRs8CAH A H AR I 1
NI
1.2 XWFHE
1.2.1 FERIYALEE BRI TCHIE RS S
A, FHZEIRK R A Bk, LAk mingie L, SRS H
T+, BE. o 40 HIifEEEMRAES
122 Fmth FEEFF NS ME S GB/T
5009.5-2016 & il Ze 4= E SPRUE £ b 2R 15 )
FE ) H A BIL G A2 U ARG I SR S ANt S /B 2R AR
P19 2208 GB 5009.6-2016 £ i 22 4> [FE AR UE
B I T PR ) v 14 3R E R RO I S A i KL
R et 3 ORI e SR FH BT e TR IR o3&
S8 GB 5009.4-2016 B il HhOR 530 e Y13 Sk
JH KGRI S ECREERN MIE T 5
1.2.3  Fnprh REE SR E SRR BT SR
SCHR [15] XFHRFJAAZ0TH 109 9 FH ot . A5



- 234 - £ Tl B4

2024 4F 10 A

. FHRE T . A AR A 3E AT 3R 48 20 (index of nutri-

tional quality, INQ) F1°& ¥ 24 i (nutrition equivalen,

NEU) T, #I8LL T A =00HA:

N

O

100 gBEWIHh B R RN E B/ ZEFRRIEHERAE
100 g EMIRHEMRE R /A E

TEIFRE LR R

n

INQ

EHIEKENEU=

o n EIRRIEIIEL
1.2.4 FZIEETERL I E
1.2.4.1 DIgeMEpsrEEC St b DR s s PR Ok
il #5225 SCRk [16] FTFEVEAER, HEREFREGE A4
KA 0.50 g THIEHETEIM T, N ARS8 70% &
B 20 mL, #75 (240 W, 50 °C)$2HL 20 min, %
FIFE E IR, 7 5000 r/min 25.0> 10 min, B R #
TE 2 IR, A& I B AR RS 80 70% L BEAE 75 &
50 mL, ¥E5IEH, FH T2 . Bl S ps T s ARG
FPTEALHT .
1.2.42 ZWpEraila  #EFHFRI 110.5 mg WET
FRARAES,, FIZEIR/KIG S B 4% 100 mL, 551, £
P a0 s 2 RECSCR [17] s LA E TR & ft(pg)
SRS AR B, DLW G BE S PN Ak bR, A5 I AR v 2R 7 R
y=0.0104x—0.0082, R?>=0.9991 ,

R i T 22 1 RN R - R R R EORE o i O
1 mL, ARIEARAE -G LR E 25, M ERE R Uk 2
s (A G, $22 AR S0 R R 2 8 o i, S AR
ORI SRR TR Y B e B (mg g )
PR

MxV xn
mx V, x 1000
K M—IERE S P E IR & &, neg; V—1I)
BE A HE BOK 19 AR, mL s n—RFE 5 D 52 A B8
m—RMRE, g; V—IlERE R A, mL.
1.2.4.3 BEPAEEIE SR ASREN — SR - 5
FEACEN EL TR D R . LA R 2 SR, AR
WETRR, Horh y HROGRE, x A E & B (mg) .. 4
HIhZ LA [E AT FR y=0.7828x+0.0007, R?>=0.9995,
AR it T R T O S R R IR B RO
0.5 mL, ARIEFRUE LR A 7 1200 28 456 & S N TR 14
SR, AR [T 7 RS O B ), RS
AR Y A A e R S T SR AT S RS E
ZTH (mg g )FR.

W& Eme g =

MxV

mxV,
. M—IERE SR TP R Y 5 i, mgs; V—3)

AE AT PR BOR A0 AR, mL; m— ST, g5 V—

M EAE AR, mL .

1.2.4.4 HPLC LMt~ T &

& Eme-g) =

Z M

25 HiL 2020 JIE) 150 RO R P I A T
{5,354 Supersil ODS2(5 um, 4.6x150 mm), JtzI4H:
A W, B 0.5% WL, B6 B Y R JF 24 : 0~5 min,
30% A, 5~10 min, 30%~35% A, 10~15 min, 35%-~
40% A, 15~18 min, 40%~50% A, 18~28 min, 30%
A, HBIHERE 10 pL, K4S 360 nm, 7 T ARAEER
1.050 mg-mL ™', 5 B 0.525 mg-mL ™', 0.2625mg-
mL™'. 0.1313 mg-mL"', 0.0656 mg-mL"', ¥ (ai%
SRAARIN 2 A5 R R g WA TR RS, AR 2 T o e g e T R
Vi & B VE A vt 2R, y=1594126.01x—5899.89, R*=
0.9999, v AR, x R T EFE(mg) .

7 1.2.3 WiilFE RS, A 0.22 pm 95T
HLUERGS UE, JEMCE T 1.5 mL UEESH b, MPabrdiErh
LR A Ak, I R g A T AR, AR AR I 2 1o
PRSP T RS
1.2.4.5 ZHEIME S8 NY/T 1676-2023 £ HE
HRoRH Z R I R A3 R TR A I A . W BT
HeEE S 0.1 mg-mL™" 1Y 4 OB G R A i 2 v
FRUEFE R 0.00, 0.20, 0.40. 0.60, 0.80. 1.00 mL 4%
FMAFEIE/KZE 2.0 mL, LA 1 mL 5% ZE8}, #8457, 5
A 5 mL #& H,SO,, 573 LAZEWE /K a5 F s =]
¥R, F 30 °C /K% R 15 min, B EI B =R, T
490 nm AL 5E WG REARL, LIOBE & B M AL AR (mg),
W G B A SRy DA A A 22 1l il R 4805 A5 100 0T O B y=
6.95x—0.011, R>=0.999

St Z R HEECS 2 SCHR [20] FFUE e RS
PRECGEMIEFE 0.5 g, MIAZEME/K 10 mL, #8575 (250 w,
40 kHz) #£82 30 min, £E 6000 r/min &5.[> 10 min, ££
o 7R [R]85 25 A T 1R A 7 34 £l T A 1R 7 R RS o0
3 R, IRV R o B R ARERY 1/3 B, FH sevage
(G807 1 IE T Hs=3: 1) L8 1 /KA S5 A VUAHZ 1]
TCHEZE, 53 B HKAFFIMA 3 R 95% 2.1
DLHER, #2535 FH 80% LU UTHE, DITEINAZRIE
IKEFFEZE] 50 mL, FHTF 2P E R .

ZBEE BN : B BEPEEOR 0.2 mL, 2818
FKANZE 2.0 mL, ARHEARAE T2 6 T 7200 A
BRI CAEL, ARE RS AT AR b 22 B 1 ot
HE, SRAHLL R ARG ARG

ZHERIE@mg g = 13[05\(]:8

. 50— HEHEEORU BTN, mL; C—hRuEK
2R ISR 2P, mgs M—AR R Y ER IR, g5 Vs—
T 5 B T SR R ) 2= T HE, mL o
1.2.4.6 p-Z@ETERINE =75 Jin 5520 (0 77750%
AR p-20 5L T 1 1 B H: S A B SR R
1.0 g, I AZEIR/K (100 °C)40 mL iEf#%, BT 40 °C
IKIEIRHE 2 h, BO B EVERAESRS S S0 mL.

y- 25 T R bR £ i 5 : FEH 1 mg/mL 1Y
y-2d BT RRARMEVS R, TR R 0.2, 0.4, 0.6, 0.8,
1.0 mg-mL™" [y p-ZFE T PRARE U, 53 5 BUAS [




5 45 % 35 20 4] O A BIFREA R B SRR AR e - 235 -

e PE IARUERIR 1.0 mL, KK 1.0 mL 0.1 mol/L
PUBHEREN, 1.2 mL 6% HEZERIF I, 0.6 mL 7% IX
SHIRENVE TR, e 7K PN 10 min, S8R5 57 BICA
VK 5 min, 7E 360 nm ALE G, DL p-23E T
1R & H AR AL R (mg) , TG REE(E S PA AL R il bn
<k, M52 y=0.2019x+0.0052, FH K F %L R>=
0.9959,

FE IR AR -2 3 T 1R AR v Hh 2 i I < 7
¥, MRE 1 mL S K FEEA) G e, AR BT 77
RIS EOE T -2 R T IR & i, FE AL P p-2 3
TR S B R AT

- sy = _ CXV
y-RAE TR S Emg g') =

mxVs

A oI EAE S -2 T RIS, mg;
v—IN BT PR IO SRR, mLs m— 3R BT, g;
V M RE B T BRI B ZZE T8, mL o
1.2.5 FREBUR PR E
1.2.5.1 SFEHRBGEYT DPPH [ 5L 975 R AE
DPPH H 3k 0% 78 R BE 1 19 22 T ¥ 2 25 SO
S TR, AT B o R HENR A R RS B R 1)
PR MR 0.2 mL (PSR e i BT S v B R 20.23~
101.16 pg-mL™'; SE R T HE W N 18.77~93.83 pg-
mL ™) IARFUS S 70% Z s 288 /K #MFEE 2 mL,
SyHPIMA 2 mL DPPH ¥, #EG W 30 min; I 52
TE 517 nm LB SGEE(E, DA 2s A U R H A ]
PERRAE

N TR BAS [R5 R 1) 2 W A MR 0.2 mL (A
FEWERBEUIE N 7.07~113.2 pg-mL™', SR EHHFR
B E N 6.84~109.47 ng-mL ") LAZK XM FEE 2 mL,
SrAIHA 2 mL DPPH ¥, #5630 min, M1 H:
517 nm AbFYSERE(E, LIF G153 DPPH H Ay
TH B

DPPHH HIZEE B R (%) =

A, —A
x 100
A,

o Ag—25 FXT B GIE; A—FRSRIOGE .
1.2.5.2 ZFMHEEBOKXT ABTS @ H3EATEIEEH
Z: 8 Wolosiak S5 (710 & HEBURXT ABTS”
FI LAV BREE T, IFISAEE R . W 2 mL 5 Fli &
B B 1) 2 it 2 TR RN 22 W TR (B R P MR R BE 10,
20, 30. 40. 50 pg-mL™', Z ¥ WM & 50, 100,
200. 300, 400 pg-mL ") 435 F 5 SR E H, InA
0.9 mL ABTS TAERIFLLAFIEKANE 4 mL, =i HEE
SN 6 min, 7E 734 nm &b g HSGRE, i0 o AL
FARTRSTEL 70% 1 L BEEZEIR/K 43 MR it
B AN Z WS W, AT IR ERAE, 76 734 nm A E
WOGRE, I8 Age BATF I ABTSH H B 7
[Pz

ABTS" H IR (%) = Af)A—_A %100

0

2o Ag—= FAX OGRS A—REA IO E .

1.3 #iEAIE

“KJH Excel 2019 HAFXHIFA BN E I T 1
B GeT, R ESR M origin 2022 A HER], 45
S R 3 Y CE B R B B9 i A B R S 2
(B FRER 22, 351 SPSS 17 St Rt a T ol ~r A
A TR, W3 MK P<0.05 255 W35, P<0.01
R 2E SR R 2, R Pearson 1A TAHSHE 4T o
2 RS9
2.1 RMPEEEFRSELER

FRMEEEH . A HARFRET h—AR Y,
HEFERS oy FE, SEED . EE . 5
&, RMEYE SIS BRARCRM, 218805
FEFRPY I IR 5 s Re DA QA G iy 22
PRIk TR AL A MR 53 AR ) ot
AR S, S RS IRA] S AN [FIAE X 5T
TUERPEFERNCHIA RO FRRE . SRR R BEAE 55
AT INER 1 s, iR E L AR . TR
WAy SR TRSR, HIMSIAEAR TGS R 2=
Wi 2 (P<0.01) . RF|EFN-Fnt P HEA & &
A35M 15.20% Fl 17.01%, HAB T & 2 2.57% Fi
3.46%, i JFOBE ST BN 1.15% Al 1.43%, K558
5.29% 1 6.17%. ASWFIEL R 5 3CHR [6] FrikiE4h
SRAHLREE, 5IRp B St I B L ARAE .
AEBEST I RE S, IR DRt & R —

1 RFRRAPREEAE IR

Table 1 Comparison of the basic nutrients in fruit mulberry
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Table 2 Ratio of mineral elements in the leaves of fruit

mulberry and leaf mulberry
— ENGLEE
PR [ T
K(mgg") 12.83+0.84 17.68+2.73"
Ca(mg-g") 5.69+0.23 4.44+0.6
Mg(mg-g ") 3.71+0.06 3.23+0.36
Na(mg-g™") 0.67+0.08" 0.51+0.02
Fe(mg-g™) 0.2120.003 0.19+0.03
Mn(pg-g™) 31.89+0.89 35.1140.85"
Zn(pgg") 20.03+0.44 44.20+1.40"
Culpgg") 3.92:0.60 8.63+0.47
Nipg-g") 4.60£0.05 7.24+0.72
K/Na 19.15+3.56 34.67+3.78"
Zn/Cu 5.1120.02 5.1240.59
Zn/Fe 0.100.00 0.210.03
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Table 3 INQ value of the main nutrients in the leaves of fruit

mulberry and leaf mulberry
) AN b R
[EE =y HEFEE A (mg-d™")
RFRINQ I+-5INQ
K&H 2000 6.79£0.26 9.36+0.84°
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Feiy it 16 13.71£0.14 12.53+1.04
ZnE i 10 2.1240.03 4.68+0.08"
Cufifg 0.8 5.19£0.97 11.49+2.19
Mn & it 45 7.50+0.12 8.26+0.12°
Mg &t 330 11.91£0.18 9.48+1.75
Nify it 0.3 15.11£3.24 24.22+1.07
2yt 25000 0.49+0.00™ 0.48+0.00
HLARIS 60000 0.47+0.07 0.61+0.01°
RN 60000 2.68+0.00 3.01£0.05”
NEU 0.58 0.70
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FE, XHYETT v MUEAT B 3 GR1 R, H Rig/E g 8l
BE B Sh B JF & R, AR ST I 22 0 SR SR S
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PRI 2.24 mg/g W&, T SRSt 2 2EE M
AT, 2020 2L BILE, 20 TR T 0.1%, 77
JR B A A, ARSI E SRR AN p, 2T Sy
R 0.48% F1 0.519%, Ud BH 7= i JoT 00 19 5 245 L
Ko VL &SR FTHAMFPR 20y AR, p-2 35T R .
e RS TS, G RN

K4 RSB FRIE
Table 4 Active ingredient contents of fruit mulberry

and leaf mulberry
ENGITEE
TRy
W e

LB (mgg") 13.99:0.02 14.30+0.02

HEl(mg-g ") 46.96+0.10 50.57+0.12"

ZH(mg.g ") 27.98+1.49 27.25+0.51
7-RB I T (mg.g ") 16.89+0.06 19.19+0.13"

FT (mg.g™) 4.8020.05 5.19+0.09
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Fig.1 DPPH free radicals scavenging ability of flavonoids,
polysaccharide extract from fruit mulberry
and leaf mulberry
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Fig.2 ABTS" free radicals scavenging ability of flavonoids,
polysaccharide extract from fruit mulberry
and leaf mulberry
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e B ZFZEEILE 20 pg-mL ! %) ABTS'H
H LW R 92.48% Fll 96.36%, 22 M T N
100 pg-mL™" B ARSI X ABTS" F H B9 R
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e SRS RN R ER 2 e AT BRI AR
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T—15 1 Z W, A REEER T 0, MM RS .
FHE 5 TN, SRS SRR T . 2P
5 DPPH FHICH: 2 E53HITE 0.990~0.955 Fi1 0.899~
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Table 5 Pearson correlation coefficients and correlation test results of active ingredients and antioxidant indexes

A FC-DPPH R-DPPH PP-DPPH P-DPPH FC-ABTS R-ABTS PP-ABTS P-ABTS
- 5& 0.990" 0.991°" 0.9917 0.955™ -0.490 -0.490 —-0.493 0.305
R 0.990" 0.899™ 0.9917 0.976™ —-0.353 -0.354 -0.354 0.002

:: FC-DPPH, R-DPPH, PP-DPPHAIP-DPPH/ HIF /R E& R , T, ZWr . 0 & &5 DPPH H H3EBRF M, FC-ABTS, R-ABTS. PP-ABTSAHIP-

ABTS/MZR R EH . T 28 245 5 ABTS' [ 2R FR A A *Fm AHOCHE 25 (P<0.05), ** Fn AR 3% (P<0.01)
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