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Research Progress on Mulberry Fruit Anthocyanins and
Their Application in the Food Industry
JI Bing—cong, DU Ting”
(College of Food Science and Engineering, Tianjin University of Science and Technology , Tianjin 300457,
China)

Abstract: Mulberry anthocyanins are a class of water—soluble natural pigments extracted from mulberry fruits,
which belongs to flavonoids. They display a variety of physiological and health promoting functions and are
widely used in the food industry. In this paper,the composition, physiological functions, physicochemical prop—
erties,and current technologies for extraction and purification of mulberry anthocyanins, together with the latest
research progress in prospects for application of mulberry anthocyanins in the food industry were reviewed to
provide a foundational reference for related research focused on mulberry anthocyanins and other natural pig—
ments. This review will provide a theoretical basis for development of new functional foods using mulberry antho—
cyanins.

Key words: mulberry fruits;anthocyanins;stability ;separation and purification; physiological functions;food

applications

51 L& X

JERTE, AT, AR A A M9 BT T IR BRI S AT 9 2 R []]. RSB BF 205 T K ,2021,42(15): 189-197.

JI Bingcong, DU Ting. Research Progress on Mulberry Fruit Anthocyanins and Their Application in the Food Industry[J]. Food
Research and Development,2021,42(15 ):189-197.

EH R REOR L, 8 T RIS,

JE—BOKIEERIR O, ) I AFAE T R A A A RS
S HBRGRE T, 125 B AE 27 8,70 2108

FAH T RS E BN 2R H (202110057201)

PR A : BEUKER (2001—) , 20 (B0) , AR E 2, & Ak 5 T
Ll

R AL (1990—) , 2 (B0) , B , i+, i+ S0, 5
1] : DI REMEGUR AR 45

AR PRI T 500 ZREF R R Tk 18
T AR IR IR B B O, PR
NN T RILTFEFRR . FAET K ENFM PR
B —Fh KRR O R, AL & e tEes, T H A
BRBVESRBEEN, EHEZIIA GB 2760—2014
CEr i 22 4 [ S bn e A ds IR b i) I 1t
A PR AR R, )2 IO T80 A AR A i 4008
HAT RAFIIT A R AT, AR T RIEER R



2021 428 H
55 42 555 15 1
—_190

RaftaSAR

TRgR

LA A B BRI T2 AR E R Y 3R
LA A PER 7 1% , LA Bl BT ) 1o 25 77
T (8 BB T T 1, LAYI O RARAETT 3R IS LA LB
TIRMAET RIBEMERRIT RIS %

1 REEFTENNZEK

AT R IAGE K Ry 2RI nL g , PR R
it 3 MRIE T IERE BN C6-C3-C6 B 4L, INfE a3k
J6, TR SRS L BURIEARTE B T 4%
FRAAERAETT R, BN H WA RS BR R %E
R EHREAER AT ER FEAOEMEEAER
GE 691X 6 KALTE RIUERMN A fEE, SRR
RR R 3P MR E 4K 3-5F/H W
EERTRHED, CHHRER BEFRMATHERS
SRR A Rl rfk e, SRR R A
T, EEORMPTRPEFTRNTEN 0.09%~
2.33% , MR AT M ) & 5 R 2.53%~4.78% FEA
[F) ot AN ) 22 7 B 1) SRR TP AR T A R 2R
FERKZER . EEZMEPAT RS FERRE
B, S RA N 0.74 mglg, HOFEMETER
TR, A DR ARY, TEREAF SR
R E-S-HE T & R s, g
RTERMAR IR B R KA, MRFEHR-I-Z/
ISP INN FE A E  E AE n  Ea FA
RAFER -3 R AR K B W) 0 SRAT o BEA A T
ANE], BB E T G AR e, ik, n] DR A
[FIAET R RE AL (e, G BRI AL

2 RELBZRMEETFMHE

FHRREES MR A MR, A
(R SRS Y A B, JREET RZE R
—FpRAR O AL L ToRE, B HAREE TR A
a2 PRI
2.1 BrEAFBTREN

FHETH RE FAEERAE Y, o+ T
MBI PT LS A 307 kA RO, A A R e 1Y)
el [ 2, AT B bR A . AR
AL T R MRS, 1T LA 3o il A o o 4 4
KAk fsz [{ hEEFEN, F4h, THRVLAF & )
ZHAE T RAEMHI0TEH NO S A, FH1E40 1A fe
SN, W] LAV B 453407 , 00 o R BRI 1 Gy
Ro HTATE R LI AMRTE IR, I 0] LLAER N
AEREAE S A I R] , RIS AERAR A v B T B O X
H SRR TEBRBE S . BIL, 6 FZ R0 & By

R BA BRI KR B,
22 HibbErER

FRUET ZPMRIEE Z2A 408 . AR
B, MR G R - 3- M A T MR 3 R 3-8 1
A L@ BRI T BHLAE SR A AS549 4iid
AR RS AR, 30 ] A5 R ot s 2 L P 24 7, 2
ABORRIMFUIRE NS . 0h, JAEUET R
R T AT I A LR A A A, B IR
RN B IREAE I, IAh B BT R IRRAE T &
Xof A 208 ) B LA R B, 2 Bl DK L - i AL 40 Ji
J A SRAE A T R 8 EA B i Ve B B
A2 I E, P, SRAEAE TS R Je—Fh e 7R
IRYTIRRRE Y RARP o o
2.3 fRAPLO A IV H]

NIRRTy 0 IS 35 ) = A VR
WP 1 FHR A o RALIETT RSB mT ) %Ak
A% B2 AR 45 10175 I 0 TR A LS 8, AT 1 v ot 4Rk
R BTN K-, B P sh Dk ot AERE A A 1T, %0 iR
AR EA TR i 1B FIvR 7 VE Y, R % AR
W SRR AL T FOMH AR T LAk 3 AR AT v L[] P 0 5

BB 36 i G 1 Bl IOk o A A8 A e DR S I oS s 4k
P RUISEMAE T ZOM YT sh IR N T REEAT B
BT s R RERE AL A VE IS, T SRR Ty il 0 1y
I LA £ AR, T AR DR B A I A A 5l ok ks A s A i
oK HEMAET 2= 7] RE 2 £ 0N RE LY, T UED]
AETT 2R BEBEL ek I3 X JIEL [ PR JIEL 22 1 W i, 49 A1
% B R AR T ) AR AR L IR P R A,

2.4 RFRER ORI EH]

AR My RALEA £ B AMIT 2 B 3% 1 1A
Mo BURBFFEUE] ML R IR IR &5 R
+5 Pk Bg Wi P BF % (nonalcoholic fatty liver disease,
NAFLD) BA PR IFAE T, AT AR AR Bl Al REL T e | =7
H R 25 B2 A AR IR B 0 K O e 2 R R
FI IR K, R4 FZHZ 4552 NAFLD B4 3™,
A RMEAETT R A UORHMRR /N FRURE XS IO S ik 75 S 1Y
R4 B A W R i PRy Ve IR, A IFIE R, 5
MR G2 R 3-SR TR RBMUET RIUA L H0,
BT An R PR VR I ) EEE IR /Y, Liao
SEPIRIE Y RAMAETT 2R P TT 2 PR AT N- i 5k
S T W A5 5 e A 28 A TR 2B S5 I Jieh e
FEH T o MEAIHEANF -6 BRI H A A 30
WRTVEH] o R, AT R 0TV —Fh R A i 50T
TR RETERG BTN, A WFFER I AT RN
Wt v i U 1R R g DL [T 3% %) 40 P LA VS E A



TR

RaftASAR

202148 H
o5 42 555 15 14

19] —

PRAPAE 0T LU ) i 1 A 200 0 T R A 7R 5 B A
FiE I R S A i, 16 P B SO o) £ e AR i A R A
WG, A B T SO R T 1R BB n] U B
B AR TPDRG PR s R

2.5 XHMERGEHRIEH]

BUREE AR, ST R ARG A
RGP MRS E R o AR 4R 3 -
X 2 8 1E Hy0, H Y PC12 B 28 4 M 45 45 A DR A A
JH RS RN B Ik A 28 F) Al 52 3 55 28/ Bl LA o 22
PR, LT 20T LUORAP B R 5 BRE A 70 4
i, Dol HL0, X 2 0 A SR A 2475 , 38 56 3 /N BG4
FALREST . MR SRMET AR A Ti5 LA
B 40 22 8 RS 5 28 ST R ICAZ R, 42 /N B 2
SJICHCRE A B TR AR E R, ol LA 37
BT R IRHEERAE, 380 AT 0FFE R TSI TS 2R ] Bl
12 Bl I BE RS A1 2 1l R 22 T AR , XoF M < A 1l
ZFAPERARIEN . HREAET RIBWAIT /D
SR, AT G A G AR AR S Y ARz SRR L iz
S, FAAETT 2 R BEHAT BB A A0 IR 7 T
T3P, F RIS R B B IR R AT O RE T R RS
MG TR, ARG8T REAT R T, A 8 T 6
Witz s RERIIKAZ .

26 HEMEH

PTAFK , BEE X AET ROPFERITRA L5 2ok
2 A B RERRIE . A DFFERWIE T R AERE M
W R AL RSN AT T A — S Tk, B R
W BAPURAAEH, nl A5 8 53 B 97500, T4 BR A
SPGB AN SERAE T A a] ME LR A
W o, X A ST A RIS AN WIR A, SRR T
A PSR QLR St — A2

3 REEBFRHRBEAN
3.1 RHEHET RIFEH

FIHTA CRMAES RIRBIT T HGE R L . 1658
AR U o R IGE W HRR RS P B L
B N B AR RS s IR AR A" R eI
FI PP A I —E WL AR RTR AR IR B — I LR LA R =
FEPCR . FOMIRIOL BARERAE R, Boag fay o, (0%
FATARE IR FRIBURFIA] I RR AR, 7 I B 42
TR T AETE B A AR EH A 2 2 R $
iRRITP IS & YN p T A Y 1 s B 4 e S
Tl B AR B0 v 4 S B BBURT IR] - 2 R U H
eSO AT 2 i R Rl B vy, S BT R
I fige , 1T EL X R B 6 25K, H T AR DL Tl A

0321, SRR S SR AR A O 2 — T R ) A RN
Oy B PREEE AR, 515 50 7 B B A e, AR BUeR
W, EAEIRAE T ZAE5 0, o sk i g s .
(R L TR BB A A 5 0%, H RTIA TR 2 Tolk A= 7=
(R L0, BRI Z A1, A AR UL I FH T R T &
MIHRI, 12— R 45 A i R B P R s n
HEL 0 20 MR it AR A e, LR A0 B PN S 0 A
3R PR IR,
3.2 RMEF R4t

JRUE AT R IR BUT A& A s 188
W Ah AR U A RS A — € I
3 VR [0 S5 2% T, 3k B 2% N (H 23 B2 I 4675 2 19 40
A2 RRARAE T R MR |, BRI AL 75 K (4 R S
Ml T LA, T BRI AL 7 Z b Tk — 2 atifh, B
T, SEARAE TS 200 07 A KALRT AR I | 1 &0 £ 3%
2 B EE R ENT ACEAT R ZE M L R
BARBRATESFON, o L Bk SV ) B AR,
Tz T RMAEE R0 BES, @0 %k T
PAZRAS 0 40 FE I A6 75 R ALy, 1 FSAIE &k
A Aol 32 b I o R A6 75 2 R ik
AR, LR A AL T 2 ) — P ) S BRI A1
HerkmRonHTReaRNaid, (L L H
TRMAHFRAMIRE ., B2, HATBARREAEE
F IR oE U TR Kk R (A6 Z 14
BUSCRA AR AR, S AN 7, 5 ZEBE 5 I & T i
B AL S AR R B AL B R LI AL T R
4V FH

4 RELBFZEMNREERRSHBEENTE
4.1 FEWFRMAT RREER R

FMALTH Kb FHAMRN > T450, AR & T
TG XTRR B O A AL B R 4 e SR
Z P S IR A AR AR (AR AT a2 B —E
BRI

R, FEANE pH EHIER P AET R 1
SER 2 e s, T SR B R TR A B . 7E pH (B <3
B TP AETT R DB R B 8 BRI TR pH (E T
e, HT SR B LT B AR e, AR pH (IR F 7 DU
B, B BB R 2 AR R, IERE pH (B TR
BN, 2 pHI1 FHAR E IR IE L6 HiL, %
WA pH [EXTAETE R RS A BRI, AL
T 2 AR W P AR MR 2 |, Bl TR PR S5 1,
FMEAETH RTE 60 CLLU N RUE M R AT, (AR m iR
TFRGEMEAEZ . 7E 80 C~100 CF, AL T R 1AW



2021 428 H
55 42 555 15 1
—_ 92

RaftaSAR

TRgR

S REAR LA S, I LB i BT () F B8, 5 )
JCEEZEED . 7E ASRIE T RMAEE ZHFaE , 6
ELATFIEE SR MR S me RS e PR, PRI, SRR
W R IR LA o

W & B B T AR S RALE T R R
Ve — S Nat Mg Hl Zn> [AFAEXT St
6T R FE MEICHA A 520, 1] K* Ca® \Mn> il Al
AFTEXT T R A ARy e . M, B
) Sn** Cu® \Ph* il FeX & 11 5 ML RIL ML A
Yy, 3 LV W IR AR I, EL) BRI , R R
(RS PER 4, DRI, A S R AR 7 g FH s £ 5
4 R B o ) 5 S e B A AR AL, DA A e
i A LI RBEIR ™ b AR ERIR o

PERIE A L SIS IR A 5 AR T R 1)
FROEPE . 010 B 25 v VR R R B (R B I, AT RV
V1R TR 6 i A 3350, 2 BH TR R A B 1 4t v At
BT R AR S Pk, A Ik B A A Bl B ISR S5
22 SRR IO AEAE X AL TS 22 M0 R M JC B I 199 52 Mg 491,
TIAN AEMIGRAE T, ORI R A B e AL R
Rfre , ELPUOR I R v BB iy | A6 75 2 MR AR . Y
H I TR A AR Al PR S A ) At 2 X 3R I AR e M
FEARR A RE M, A VAR JEE R B R, 38 e R,
FRLET R AR B AR I 1O, 7
FESS 1 AL TT Z AR A B INeA, PRI, AR S SRALAE
T2 IR T S e s
42 REFRHAEE ERUE TN

PR RERE 2, RS T A4 = b i
o BT — [P, V22 IR AR R AL T e P
I, PR T 2R EAET RRE TR
ERIRE SRS S =V A ¥ sk i s Rr - |
oy PR AE TR 2

YBE Dy oR AR I AR S K TR A
DR e e A A LR s il 0 7002 i R B T
RS A 2R R A A PR AT R
FARI AT R, X ) 7P 1 mT LA
S5H KRB E THEEN, PRz, b
Gl IR AT S e R et Soh,
WHZ WIS E AT 20 IR S KT i
TR A, 1 m H R E ™, AHEA T E g A
5 A4 0E VA OB R G Wl iaE s sk e S
HERMEERE G, W& S R E D, 67
FWA LGB S S 2 MR A R R i R
FEE . 1675 R T80T LS RIS 1R & I 451
DAY R A Ly B BER YL c M E N}

A L R AR R AR R A E MR BB
i #5 AL T R IR 7 0k R A WS TR R TR T
Mk MOYES I B AR LA BRBEA S
LR Z IR mE g THRIES. (BT KRR a B T
P AT R RE N, (BAFEH s BOR S A%, iR
%, A R B o A MRS 3R IR A, R i
HUFAN BB K AT 2R AL N AL, k25 i vy
BT R R E PR R 3R, HAR - BOR B, A R
LB PR, R AE T 3R PR 8 B NAUREAS
AT LA s HAR e, i A B TAE T RAESh iR N &
FEHXT A 2RI BREE ST AR THET R AR Tl
4 15 PP 159

fezr 7 M I~ R A 7 R AT M, LA
Pem HAEE . BT 2B 2N B A Tk
BRI, WTFE R, A7 201 SRR | A ek
AT 5 ML T Ao PR B I P A ) A L, BT %
fem HAENE™, AT T A6 R A HLRR L 1
PN R BRI MR SRR BT B LY
HERRAES, AT RIEIEAL 5 AT A R B 1AL 7 2R 4544
AR L AR E RIAET R = INA 45 . BEAELRY
BREESRIEANAETT R AT B Z B i T HOK AR B
JEARGSHG , AT LLGRAP I A A LR P 8] B BT R A
ARG, AMUBERS SR LT R PR SOV RE T
17 ELA B TR m R G O PERE TS BEALVEHIXS 4E
AR AUE MR = R O T RERE RS B H
&S G IR R RIER &SI T
BRI mEAL , H 2 A AL I AE T 3% L 7 i
BEALHAE T RIORETEE R o 730k, BEALAE T R A2
SE TR M TR B S A 30 TR A L 24 i 52
i 8 MRS  FREME RT3 AR B i
ViR , 22 LR H— JURR AL I AT 2R AR E R,

IR FATE A ANE TR AL R AR E TR TS
B Z , (BT B T AR T 3R ORe E M A 2k
S 0T AE TS ZMN A A s b AR 1 e e
TG . R, AET R AN AT 32 BIAR KRR, 4>
J& LR AE T ZRAEAN R B A R A P p el 7
I Z K

5 REXFRESRIUBHHINA
FMAEHRZE N —FMRAROR, %4 JiTs, m A
HA—EEFREMMA B, a4 5aHaR
“KIR CEFRZIIRE™ I A JETT 1), AT LU £
AL ER T ELIT B A R S TR AR e 2
AE, )R TR SRR SRR UORE SR AR Ah IR



TR

RaftASAR

202148 H
o5 42 555 15 14

193 —

fe HATX T RAUEH RO EEA MR R, —
Folt 2 B LA AR OB T8 oin 1, ARG 2
SERHRI A ZR AU A 5 — o A AR TSR
R Rl Z A i s . th T H AT
LRI TAHE ARG T L AL TR B, RAAEH R
TER i U R L — Ry £, BETE
A Z PR ARGE o

5.1 SAMET Z A YO Y R

FAAETH R AEAIE B FRRAL, 1 H AT
YorkE @R TR UoR R . H AT B SRRER
AR AR AR BRI . Horp RAR 2
i AR T R IOK S R M MR
AR R e 4 ) e 4 AT, VD B Bt — 25
GINT.o SALFHET RS, PRk, (HRIE
TR . FARTAECE SR = ASHE0H  JORE, B
INAERG R )RR AR LS e it O R
BT SR FHIE >4 L 51 4 SRAR 0 A 2 B, A
T AT BEIR BB RIAG A 771 ) 1 ) SR AL A Ay 52 5 2R
TR, & S R MR R ITTR , IRATE
H U 9, J2— PRS2 0 B LD R ORH, - L
SRR ANZLA D B0k, e 45 H B B w0 i 1
(Y SRALT AT G R ORE, B 9R & KRS IS, B
A ZFOMEVE, R 0IE & AR Y, ot
Ob, B RO S EEET PR T T —E L BTR A,
PRASIN—E B AEA 3R C RIFTHRTR S5 vl il Bl A - S L
SEAATIYORI, AT ST S T HE — & LR
SR A I D2 8 SRRy TR A 2R T HORHY
B, A R MR s —E LW HIRR &, PR IRE
BRI AR A4 ISR , i — i A T 200 T o Rl ) S A
RIR AL P i HAREA 2 RN A,
FRRAHIE 11, 155 2 JEAMF I, H AR 5 200K
T, AR S0 L AR R A £ A 2 1y A5 S R
I FRAPEL I AR ARy, AN AU T i EL AR SR
Rz PRI RE T — &, R TR A A 5 LA
FATRZLZ T O 250, BE DA 15 e B ol m]
RIS, FOFEN B IR E R, RZ T
FANEEY,

52 FAMET SRR YOR IR H]

RBEHA BB AUICR I E RO @I BE , R E IR
FIORAEDIRE S — RGBT R L BEOR . SRAURERE LIS
LT D 2 DR, A BRAR A I T A o ol ) — o
BRURES . RHURES BA RECRE MR R &
XU, 7 AR, BRWR A AT R AU T R W2
@I, LR BAT TR A& IR 5 IR D BES . SRS

A IR AT IR AN [T 2 ARG H R AN IR > 158, K
FRMOT S HE JBURE, A AL ARG R A5 S W) AT &
1, il 1525 RS UOR ), Besh , A af DL i
K BRI 2R i, 1 — AR T ARG D, B A
R TR
53 FREETH R RN

SRR LA i SRR DOk, ) FH BRI 4
AR B —FhEEE IR SO E T — IR RN . &
AR Bl A 8 1 SRR G, BT & AT
FOBLLHANR 5 A%, HE S AR RS2 MO
JY AR T AR, AR 57250
JEURE, 28R S R A 1) AR 25 R RS A
AR I LHE A 25 i S A AR 1 A K
FAERPTAALAPUIIE ST U LLFRAL 2080 A
BRAEMESE S OB}, 2R I 1 15 0 SR A A R
9, AT, HRAEIE , 8 BAT B0 IR METIRL,
TG R0 T RIS, K A I i A PR SR, 55— T
191 1% 7 A TG LA L i SR 52 o R B, ] ol B A
TS RN Z R R AE T R0 B & PRABESY . SEML AT
VAL RAEZF L A B RS IR AE S5 ORI
RS T2V AR RS, s, ikl LI
SARTH S0 B I o 20, BLGE A H
il TR R 71 1) SRR 3 X P X8 FE T 7
54 FAMET FEERYIAFLIR PN H]

RS D KRR G IR L TR RIH 2 E /Y
FR. RAAET RIS PWERAS , RS2 Z TR A 7R
P EL AR B T 20, b AR B SR i A7) A 3 (5] i
AMBIRR Ty o LASHEANSE A2 0 R0k, 20 &
e ) B ) SRR Y, AN OLE AT FRARFN A= ZL AR A
Wk, i EL A HE T  BORZL 6, AR A FR Y31
BRI RAL A DR . DL AR L I
b, Be A AR E 70 SRR, 28 2 1 1 45 14 XU
MR R AT O SR SRR Y, By &), B
R T8 A R WS W3 A , PR AHE 1, 50015 5
ZAE ALY, R R 54 7% — 2 HL TR
A, FRASIIORE AR A5 25 1T S M FL OB, X
R, BAT AR BRENR , 1 AT R & iy A
&, HATREF IR R,
5.5 FAUET R MR oL AR

FME TR F 5, I DI REME R IR B A
F18 %065 R 2 FH 4065 2 iy o 1 4 R R ), SRl
FETE AR LUE BIAR GBI (D)%, o ALk £ b
HA THRIRIREIIRE . FEERERIVE OB i S8 Al
ST sl SRARA (AT , T LAAHLRS il S B SR P R



20214E 8 H
55 42 555 15 1

RaftaSAR

TRgR

— 194

W, R ARG 2 TR ERE L 1 A DFRHE BORHS okt
R AT AR I SRART el SRy, B VR S AR A
G AYHRLE, B A PN AT SRR
FBBRAR AR, ARG, TRz di i, i T2t
FETE B AE I P ARE PR 22 , BRA 1 AR LR B o
AR o A Rl DU e L T2 i AT R
FRGE P, 3 S AR AL B il R
56 FAMEH R ERM PN
ST I T LUV T2 M dh o, AU T
77 it R 0 XU TR €338, 38 ) AR ™ it 14 7 35 ) g A
Oro RAVHTEE AT sl O , B LW i R Eop
S5 JURE, AT LA G AR IR A AR T . DL SRAR
N R, TR B A BRI , iR 0 RALR TR,
AR 3l R R S L R A, JE i n]
H L HA B0 BB IR R D BE , HA TR BT AR
S SR AT DU TGRSR b sl ok, 44
Rl O 7 A R A o B AR K
PR SRR R AR BT A H g2 B A, LUR
R JEURHAG 7 it O 2 AT 7 B
FMEAET R MR FHBR L Tk 0y L)AL R B
T Um0 B b BN, B HIAETT 2 A7 I DR 1 A
WIBEHTIE Z . BEE NI AEE R OE DI RERTIARFT T
fift, LB AETT R A A R WO 22, 1B 7 R AR (Y
B hn AE BRG] A Y B A E AN . JRARIE , R
S E AT ROMBYCRI 2 TF 8k i M 188 10 12
JETu, TEFRE , AT RAE R 8wl AU A5
Ko BB {H ™ Gl T S LB B/, SRARAE T R
A2 PR B AT 1335 BRI LA AL BEE
X SAAE T 2™ i SRR A, 5 2 R
TAEERAWITE , WA 22 S 0 SRARAE T R AR
Ll R AT K

6 RE

RAAET ZAF N —FPRIR AR 7E B A 15 51
K2 RN o SR, MR Z B RIR AR —HF, 5
RAET R E A B E | Tl AR B alife
T, EAEARKAR R ERR G 7 HAE £ Tl
RN o BSOS RAE T R AYIR O AL T 20, 3k 1%
PEFURE | R 20 1 RAETT ZR 2 TR TAER
Hlo T4k, HE T RAAET RN HE E 2R R
TARGERI PRI i, 7™ i B AELAR , 107 ELAE T & 10
EFRAGMEVE R BE ST A% . UL, A5 REAs &
MR, AWIR AT RARAETT R A0S IR A B
PEVEHLBHILD , G55 A= 7 BN T 20, v SRARAE T

FR PR i ) i RN DRAEE 8k, O K T 22 B RARAE TS
KUREVE R il o FRIEDR Ax S8 A TR, SRR FfA il AR
W], RATTIRF R , IRAOY FORHE BUET 2, B A
IEREVE R Bl HA T R L AR AT

SE K

(1] 5% IMBEE, SRR AT 3R A it K i 500 RISt R J/OL).

A TR [2021-01-09]. hitps://doi.org/10.13386/j.issn1002—
0306.2020080078.
XIN Yu, SUN Jingmeng, ZHANG Weiyu. Research progress of
physiological activity and preparation of anthocyanins[J/OL]. Sci-
ence and Technology of Food Industry [2021-01-09]. https://doi.org/
10.13386/j.issn1002-0306.2020080078.

[2] hAeANRIEEE R AT E T Z D 2 B E 2 E R

BRI A BT E: GB 2760—2014[S]. Jbat: th EARIE
fikt, 2015.
National Health and Fanmily Planning commission of the People’s
Republic of China. National food safety standard Application stan—
dard of food additives: GB 2760—2014[S]. Beijing: Standards Press
of China, 2015.

[3] RIE, TR SBHRRORIITLIERE). LRk ik
AT, 2010, 16(5): 158,192.

WU Qingzhi, MAO Xiaoying. The research progress of mulberry pig—
ment[J]. Anhui Agricultural Science Bulletin, 2010, 16(5): 158,192.

[4] JIANGLZ,LIUY J, LI L, et al. Covalent conjugates of anthocyanins
to soy protein: Unravelling their structure features and in vitro gas—
trointestinal digestion fate[J]. Food Research International, 2019,
120: 603-609.

[5] PUTTA S, YARLA N S, KUMAR K E, et al. Preventive and thera—
peutic potentials of anthocyanins in diabetes and associated compli—
cations|J]. Current Medicinal Chemistry, 2018, 25(39): 5347-5371.

[6] EIRIT, M A, XI5, 55, 2AUET RAVUITTIEREL)). kR
2%, 2006, 32(1): 90-94.

WANG Zhenjiang, XIAO Gengsheng, LIU Xueming, et al. Research
and application of mulberry anthocyanins[J]. Science of Sericulture,
2006, 32(1): 90-94.

(7] A73CF, E01, BB, S8 N2 0 He 07 1R 0 0 AR 21 6 3R AR
JREBERERA[)]. PHAER 24 (1 SRR R), 2020, 39(6): 94-102.
YANG Wenyu, WANG Meng, XIAO Yang, et al. Selection of wall
materials for mulberry red pigment microcapsules guided by molec—
ular docking method[J]. Journal of Xihua University (Natural Sci—
ence Edition), 2020, 39(6): 94-102.

[8] ERSCHR, WIHNE, S A1, 55, AR MR REAL T iR 85 -3- 253 17

(C3Y) i M St C3Y M4 A ). #lBR, 2014, 40(3):
506-512.
QIAN Wenchun, LIU Liping, ZHONG Shi, et al. Content and anti—
oxidant activity of cyanidin-3-rutinoside from mulberry fruit of dif-
ferent varieties|J]. Science of Sericulture, 2014, 40(3): 506-512.

(9] Fefd, DR, BARTE, A5, JHL VLl DXOAN [] S8 it ol ) 5T 1L 4%



TR

RaftASAR

202148 H
o5 42 555 15 14

195——

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[J]. B & TR, 2020, 41(12): 264-268,290.

QIAO Jian, MA Zhiling, WEI Changbin, et al. Quality comparison of
different mulberry varieties in Zhanjiang region[J]. Science and Tech—
nology of Food Industry, 2020, 41(12): 264-268,290.

rhA A\ B FERINE [ 5R DA (e bl 2x. AR AR C Tt — 20 L
- A R B B0 38 SN [EB/OL). (2002-03-11) [2021-02-01].
http//www.nhe.gov.en/wjw/gfxwj/201304/e33435¢e0d894051b154
90aa3219cdc4.shtml.

National Health Commission of the People’s Republic of China. No—
tice of the Ministry of Health on further standardizing the manage—
ment of health food raw materials [EB/OL]. (2002-03-11) http://
www.nhe.gov.cn/wjw/gfxwj/201304/e33435¢e0d894051b15490aa32
19¢dc4.shtml.

TRAEZEE, S0, §195 7. RIRSARLT B R ARSI A b S 1k
PIRFSELT]. iRk, 2005, 26(12): 77-81.

XU Jianguo, TIAN Chengrui, HU Qingping. Study on scavenging
capacity of free radical by natural mulberry red pigment in vitro[J].
Food Science, 2005, 26(12): 77-81.

FARVL, B A, X280, 45 FAAETE ZO0 R BRI
VR[] AR TR, 2009, 25(2): 181-183.

WANG Zhenjiang, XIAO Gengsheng, LIU Xueming, et al. Anti—in—
flammatory activity of anthocyanins from mulberry on adjuvant—in—
duced arthritis[J]. Chinese Journal of Public Health, 2009, 25(2):
181-183.

VL. AEE RSP A E ST GRS B ()], ™
ST, 2016(5): 63-65.

JIANG Hai. The structure and antioxidant activity of anthocyanins
and its application in functional food[J]. Farm Products Processing,
2016(5): 63-65.

KHALIFA I, ZHU W, LI K K, et al. Polyphenols of mulberry fruits
as multifaceted compounds: Compositions, metabolism, health bene—
fits, and stability—A structural review[J]. Journal of Functional
Foods, 2018, 40: 28-43.

FHE, APERE, WL A R A IR IO T A
Bk MDA-MB-453 /£ R AU, 55 =22 B R4 41, 2011, 33
(10): 988-990.

WANG Zhan, FU Yujie, CHANG Hui, et al. Inhibitory effect of an—
thocyanin extract of mulberry fruit on growth of breast cancer MDA—
MB-453 cells[J]. Journal of Third Military Medical University, 2011,
33(10): 988-990.

LONG H L, ZHANG F F, WANG H L, et al. Mulberry anthocyanins
improves thyroid cancer progression mainly by inducing apoptosis
and autophagy cell death[J]. The Kaohsiung Journal of Medical Sci—
ences, 2018, 34(5): 255-262.

YUAN Q X, ZHAO LY. The mulberry (Morus alba L.) fruit—A re—
view of characteristic components and health benefits[J]. Journal of
Agricultural and Food Chemistry, 2017, 65(48): 10383-10394.
JIANG Y, DAI M, NIE W ], et al. Effects of the ethanol extract of
black mulberry (Morus nigra L.) fruit on experimental atherosclero—

sis in rats[J]. Journal of Ethnopharmacology, 2017, 200: 228-235.

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

YANG X L, YANG L, ZHENG H Y. Hypolipidemic and antioxidant
effects of mulberry (Morus alba L.) fruit in hyperlipidaemia rats[J].
Food and Chemical Toxicology, 2010, 48(8-9): 2374-2379.

YANG D K, JO D G. Mulberry fruit extract ameliorates nonalcoholic
fatty liver disease (NAFLD) through inhibition of mitochondrial ox—
idative stress in rats[J]. Evidence Based Complementary and Alter—
native Medicine, 2018, 2018: 8165716.

LI'Y X, YANG Z H, JIA S S, et al. Protective effect and mechanism
of action of mulberry marc anthocyanins on carbon tetrachloride—in—
duced liver fibrosis in rats[J]. Journal of Functional Foods, 2016, 24:
595-601.

LIAO S F, LIU J H, XU M, et al. Evaluation of the liver cancer pre—
vention of anthocyanin extracts from mulberry (Morus alba L.) vari—
ety PR-01[J]. Advances in Bioscience and Biotechnology, 2018, 09
(09): 423-442.

CHANG ] J, HSU M J, HUANG H P, et al. Mulberry anthocyanins
inhibit oleic acid induced lipid accumulation by reduction of lipo—
genesis and promotion of hepatic lipid clearance[]]. Journal of Agri—
cultural and Food Chemistry, 2013, 61(25): 6069-6076.

WEN P, HU T G, LINHARDT R J, et al. Mulberry: a review of
bioactive compounds and advanced processing technology[J]. Trends
in Food Science & Technology, 2019, 83: 138-158.

SHIH P H, CHAN Y C, LIAO J W, et al. Antioxidant and cognitive
promotion effects of anthocyanin—rich mulberry (Morus atropurpurea
L.) on senescence—accelerated mice and prevention of Alzheimer’s
disease[J]. The Journal of Nutritional Biochemistry, 2010, 21(7): 598—
605.

GU P S, MOON M, CHOI J G, et al. Mulberry fruit ameliorates
Parkinson’ s —disease —related pathology by reducing o —synuclein
and ubiquitin levels in a 1 -methyl -4 —phenyl -1, 2, 3, 6-tetrahy—
dropyridine/probenecid model[J]. The Journal of Nutritional Bio—
chemistry, 2017, 39: 15-21.

Ei. LT R IR K B S I REW A B .
SR, 2018, 39(5): 86-90.

WANG Jing. Effects of mulberry anthocyanin drinks on motor func—
tion recovery in rats with spinal cord injury[J]. Progress in Veteri—
nary Medicine, 2018, 39(5): 86-90.

LIANG L H, WU X Y, ZHAO T, et al. In vitro bioaccessibility and
antioxidant activity of anthocyanins from mulberry (Morus atropur—
purea Roxb.) following simulated gastro—intestinal digestion[J]. Food
Research International, 2012, 46(1): 76-82.

] S0, SREEAE TR IR ] AHAURIBTSE D). M
HTITLRAF, 2018.

YAN Fujie. Study on the beneficial effect and mechanism of mul-
berry anthocyanins on glucose metabolism regulation[D]. Hangzhou:
Zhejiang University, 2018.

D2y, k2222 A0, 45, SREEALTE RO A B DR T 240
1k[I]. & Tolk, 2020, 41(12): 96-100.

WEI Chunhui, ZHANG Lanlan, DENG Jie, et al. Optimization of ul-

trasonic assisted extraction process for anthocyanins of mulberry|[J].



20214E 8 H
55 42 555 15 1

RaftaSAR

TRgR

196

The Food Industry, 2020, 41(12): 96-100.
[31] ZEHBE, P2, HRA. SEEAETT SRELMAALRT ot L)), P
M, 2019, 44(3): 156-160,164.
LUAN Linlin, LU Hongmei, CHEN Li. Research progress of extrac—
tion and purification of mulberry anthocyanins[J]. China Condiment,
2019, 44(3): 156-160,164.
[32] A%, MIARLL, 5. 55, AT RO R R RIT L
1, 2018(8): 10-12,16.
LI Junru, HU Jihong, ZHANG Cai, et al. Research progress of an—
thocyanins extraction methods[J]. Modern Food, 2018(8): 10-12,16.
[33] FERAEL, 57, M, 45, LT R AR I AL FOAR ST it
R B ITSE 51 %, 2017, 38(20): 195-199.
CUI Lixia, ZHANG Zhijun, LI Xiaojun, et al. Research progress on

7. BT

extraction, separation and purification of anthocyanins[J]. Food Re—
search and Development, 2017, 38(20): 195-199.

[34] ZEIKR, ARt SRALL O RTE MBI AR S B L,
2018, 36(3): 11-15.

LI Linna, ZHOU Gaopin. Experimental research on the stability of
mulberry red pigment[]]. Packaging and Food Machinery, 2018, 36
(3): 11-15.

[35] HIfRAR, IR 5, i Ah, 5. REHG M ORI T2 LHT
CEEEEREIE]. B RN, 2013, 38(6): 278-280,285.

HU Weihua, XU Qianchang, YANG Chaowei, et al. Purification and
technical proprety of pigments in new mulberry species[J]. Food
Science and Technology, 2013, 38(6): 278-280,285.

[36] AL 07, B, M, 55, 48 B AR s BRI X FORAE
i ;Eriﬁ/ SEMAL)). B4l 244z, 2014, 45(1): 98-103.

REN Erfang, LI Changbao, SUN Jian, et al. Effects of metal ions and
food additives on stability of anthocyanins from mulberry[J]. Journal
of Southern Agriculture, 2014, 45(1): 98—103.

[37] UMK, ACHLA, BURHT. A£TT R A9 AP0 R (LR L s H:
FOEPER R AE(]]. £ TalkBHE, 2007, 128(11): 240-244.

GU Lin, ZHU Hongmei, GU Zhenxin. Biosynthesis and color—form—
ing mechanism of anthocyanins and ways to improve their stability
[J]. Science and Technology of Food Industry, 2007, 128(11): 240-244.

[38] iy, EARE XA, &5, 1675 RAE PR PR 3R By i
WEFEHE R[], e 5Tk, 2020, 41(7): 218-224.

XU Qing, WANG Daibo, LIU Guohua, et al. Influencing factors and
improving methods of anthocyanin stability[J]. Food Research and
Development, 2020, 41(7): 218-224.

[39] CHUNG C, ROJANASASITHARA T, MUTILANGI W, et al. Stabili—
ty improvement of natural food colors: Impact of amino acid and
peptide addition on anthocyanin stability in model beverages|J]. Food
Chemistry, 2017, 218: 277-284.

[40] HE Z Y, XU M Z, ZENG M M, et al. Preheated milk proteins im—
prove the stability of grape skin anthocyanins extracts|]]. Food Che—
mistry, 2016, 210: 221-227.

[41] Bl 2, sk 22, Zpbk. RALLLORBOLR & T 205
o AR RN, 2020, 31(8): 48-52.

LU Hongkui, ZHANG Helan, LI Xinlin. Study on preparation tech—

nology of mulberry red pigment pellet[J]. China Food Additives, 2020,
31(8): 48-52.

[42] ZHAO CL, YUY Q, CHEN Z J, et al. Stability—increasing effects of
anthocyanin glycosyl acylation[]]. Food Chemistry, 2017, 214: 119-
128.

[43] SR KA, EHR, F JHGHEDIRER BT R BRBTSY
57 %, 2012, 33(9): 214-217.
WU Min, ZHANG Donglei, WANG Shuang, et al. The function of
mulberry[J]. Food Research and Development, 2012, 33(9): 214-217.

[44] 2R, BRI, AR127:, 45, SACHHE S AT ORI BRI &
i ol 2012, 33(2): 84-85.
LI Liang, QIU Qingfeng, REN Yunhong, et al. Development of com—
posite juice drink of mulberry and grapel[J]. The Food Industry, 2012,
33(2): 84-85.

[45] fhffEe, TOCE, WA 45, SR E IR0 AR S TR Ry
R B AR, 2013, 38(12): 68-71.
WU Juanxia, DONG Wenbin, HUANG Ke, et al. Application of
mulberry on the food processing and its nutrient composition [J].
Food Science and Technology, 2013, 38(12): 68-71.

[46] PR, TR, SR, 4F. AT S EE A A UOR I TS B
AF= SN T. (3 T)), 2014(10): 39-41.
CHEN Lei, WANG Chenlong, BAO Junjie, et al. Process of blueber—
ry and mulberry compound beverage[J]. Academic Periodical of Farm
Products Processing, 2014(10): 39-41.

[47] 3 IR, Ax/INAE, X8 ST, 35 RS A ORERS 2 BB PR A
JBe 3 AT NI)]. PRIETLEE2Y, 2013, 01: 53-57.
WEI Guolin, YU Xiaoyan, DENG Yiwei, et al. Effect of kuguasang—
shen compound beverage on insulin resistance in type— 2 diabetic
rats[J]. Heilongjiang Medicine Journal, 2013, 01: 53-57.

[48] WAAERT, BT . RPEIREILZ S YR T T 2020, 47 i
JnT, 2019(7): 37-39.
TANG Chugqi, ZHAO Jiechang. Study on mulberry function and pro—
cessing technology of compound beverage[J]. Farm Products Proce—
ssing, 2019(7): 37-39.

[49] HAEEE, ARAE S, XIAFIE. SRS ™ ST &[] B S 250,
2006, 8(1): 57-59.
YANG Haixia, ZHU Xiangrui, LIU Chunying. The exploiting of
mulberry products[J]. Food and Drug, 2006, 8(1): 57-59.

[50] #PPR. REGAOM T T LZO5EN]. ARl BHE 5% 4, 2010(9): 29-
30,33.
SHAO Hu. Research on the processing technique of mulberry milk
tea[J]. Agricultural Science & Technology and Equipment, 2010(9):
29-30,33.

[51] KA ==, Bl 4s, SRIHeH, 55, ALY E S AT 5 40T &
iS5 R EERH, 2018, 54(5): 125-128.
ZHANG Helan, LU Hongkui, GUO Xiamin, et al. Research and
analysis of mulberry health food[J]. Food and Fermentation Sciences
and Technology, 2018, 54(5): 125-128.

[52] TE Rk, BUR BRI A Al A ™ SRR T 25 (). i
Wb, 2017, 42(7): 100-105.



TR

RaftASAR

202148 H
o5 42 555 15 14

197 —

WANG Xiaolin. Research on technology of mulberry fruit vinegar
fermented with double strains[J]. China Condiment, 2017, 42(7):
100-105.

(53] AL FEZE, 5, ML, SFE Al LA G REI T 205
rh IR 5, 2017, 42(3): 69-71,80.
DU Guojun, HAN Yi, LIU Xiaolan. Study on processing technology
of compound fruit vinegar of mulberry, tomato and jujube[J]. China
Condiment, 2017, 42(3): 69-71,80.

[54] BRARED, R8N, 45 77 [ SR L2 5 SR R E T 2501,
BRI, 2019(3): 94-98.
GENG Jingzhang, LI Min, DU Xiaoyan, et al. Fermentation process
of Citrus wilsonii and fructus mori compound fruit wine[J]. Liquor—
Making Science & Technology, 2019(3): 94-98.

[55] XU, Dol sl P2 FRERB AT S IR £5 Tl
2007, 28(5): 44-46.
LIU Na, MA Rongshan, WU Qianshan. The research and develop—
ment on A loe mulberry fruit wine[J]. The Food Industry, 2007, 28(5):
44-46.

[56] EALoR. SO EE IR i T K S UFFR . T R, 2008, 27
(13): 88-90.
WANG Chuanrong. Research and development of healthy draft
mulberry beer|J]. China Brewing, 2008, 27(13): 88-90.

[57] FEIS, THR, RS, 5. FA00 I A Bl AR (D) hg 5y
M. P EERE, 2009, (07): 181-183.
WEI Yufang, DING Chenjuan, LU Weirui, et al. Development of
mulberry cocktail and its healthcare function[]J]. China Brewing,
2009(7): 181-183.

[58] fEEHEAG, A, RERMIN A T
2016, (15): 49-51.

SHAERTIEL] AR R,

FU Shiwei, TANG Chaoqun. Study on the processing conditions of
mulberry fruit yoghurt[J]. Contemporary Animal Husbandry, 2016,
(15): 49-51.
[59] Z=Ha, BB, £/, 55 BBl 2LUCK AT L] SR
ShARH, 2010, 26(6): 628-629,655.
JIANG Yan, CHEN Jinming, FU Xiaoping, et al. Preparation of a
new mulberry juice-milk beverage[J]. Modern Food Science and Te—
chnology, 2010, 26(6): 628-629,655.
[60] JE i, M. SEEHE R AL R TERI[]. & & FHE, 2011, 36(3):
138-141,145.
TANG Changbo, LIU Chen. Processing of mulberry healthy cake[]].
Food Science and Technology, 2011, 36(3): 138—141,145.
[61] X%, BIARAE, ARTFEIE, 4. K5 R5XF S it R SRR T UF S s Ptk &
BRTE B 52 R[], A2k}, 2014, 40(3): 559-564.
LIU Jun, LIAO Sentai, ZOU Yuxiao, et al. Effects of baking on qual-
ity characters and flavor formation of mulberry leaf and mulberry
fruit mooncake[J]. Science of Sericulture, 2014, 40(3): 559-564.
[62] HRAE, BEEHE, XU, RERIREMN T L0 Aol FoR S
%%, 2019(9): 63-65.
LIN Hua, HUANG Xiaomei, LIU Caizhen. Study on the technology
of mulberry juice jelly[J]. Agricultural Technology&Equipment, 2019
(9): 63-65.
[63] W], TRa%, J, 45 B R A5 HCROR M OHTE gl P i Bl
FH[I. BARES, 2019(9): 55-56,61.
YUAN Yaming, SHEN Xin, ZHOU Meng, et al. Extraction technolo—
gy of anthocyanin and its application in food[J]. Modern Food, 2019
(9): 55-56,61.
hnT4R4E: g5
s B H#7 :2021-02-06



