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1.1 ZBENEHHE
HHZEA C6-C3-Co MkBaghty, HEE
Ry 2-IRFEORIF ML | Ak S U 8 R DUORE T
R AT FEAE , AR B8 T 0 FIOBE 1 C A4 19 AN 5] AT
R Z R ey A5l 1 s,
12 #“BERNEASE
AR TR LB EESER 76 K%
T D v AR BH B TR B A AR A B A A
fE, X JUFRE 3 Rl K % W pH B AR fkim & A ]
TR (R BS V VRI E €E  i 2  T T AE
TERRVE ST Rl FEh A N R T0 6, TR0
PR S E A, 166 H BA 2 B [F] Y s
Bt, 3% 465~560 nm [ A UL X AT 270~280
nm [ FMEIX
1.3 ZBENINEEENE
13,1 $ufds Ao i B M 2n i s s L 2 AT
PR 5 PR, 32 B A e R 4 2 IR A 2Rk
Wod | L e e B0 T R BEWLEE 3R/
(PI3K/AKT) 4t HfL S5 5 98 15 S (ERK) 7 T
b & B (JNK) 5 22 28 5000 16 8 O B
(MAPK) {55 38 % i JE A A6 75 25 %0 1 1 1 i iE
(TR 32 B2 B T H B A Bk . U R Ay i
Frfk, DA R S SRk AR & 12 DL A S
FEAN T T RE ST . Xue ZEBBF 5T W | W5 A1 42
IRy Re % 32 5 HepG2 4t A (1 1% M %0 (ROS) % =,
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Fig.1 Basic structure of anthocyanins
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Table 1 Extraction methods of blueberry anthocyanins
RIRT L BTk $2 K ) RRER S Lk
BEHEARLE R 7Rk B AL TR 327.35 mg/100 g [28]
ERLeH TR AR B 7 ) R A ok B ER O HR B 79 BR) AR 4.92% [29]
BELFE #7549 B ok o K Bl 5 Hh 7.28% [30]
BEELEF A 5 4 ) Bl ok R B 0.606 mg/g [31]
BBHEREREHF s R = A FE Ik Rl R CO, 1.4836 mg/g [32]
EHI S 5 R 5 B A S IGE B T 83 (5.93+0.06)mg/g [33]
BHEEEE T R IR ik s Rk (0.47+0.03 )mg/g [34]
BEERT ER % A 8% 98.81 mg/g [35]
BHELFE R B AR LB T B 0.846 mg/g [36]
EHE S P e L e 8 FEIF A (83.1£2.03)% [37]
IEH 7 & 4F 2k B AL T B 0.534 mg/g [38]
W H I e A B i Ak T B (7.15£0.13)mg/g [39]
EBREREF 7 B B ik R LB (10.57120.080) mg/g [40]
EEESF P e e B 207.39 mg/100 g [41]

22 EERBEHMNANTE

Sl Wi Z J5 i AE T LR i R b A A L
a1 e S G DN NG i RSO U3 i
P it — 2l O A i J7 ik EEA K

JZHT L PRI 2, e AL IR IA I A

FLAR AR 24k | i A 280 o RO i B 1 S i

AT R A BT B AR A OR i A I T ) I A
F TRI I, o] K 22 Fh 2l Ak 7 VL 165l 3B 2o
B ARAT e A R A TR

x2 ESGENaGUFE
Table 2 Purification methods of blueberry anthocyanins
Lo AL HE S WAL ik ZER B LK
HE e KU g Bk - A 5 B D101 #f fig B A fx Ak o SR bE Ak | BE A A8 I8 BE 4L 22 )5 [42]
16 &, 4 #h % % ik 35% A b
BEREHF B &R F AR AR & KEROREEFLREMEE T I-F BT [43]
W E 8 # % F 2 4 B AS D311 & F 2 B A i 6 B B bk R 42, 76 6 5 4 F 14 3 [44]
124.04 mg/L, 4% & F & 5] 89.79%
HaELEHF ok FI B AR FR RSB TCREF-3-0-F LA F L EH 96.98% [45]

¥ B & F AR AR G

3 EsieFmRSUmR

3.1

rEETRRELERAR
AT B PEAF 2Rk T HAE LR N /Y
AR T | b A P9 TR B A A 5 1 g 25 1 1 D

HARH R, EOHERE A BRI
i pH (BN 7.4 HL A7 R W i 3 A i, HL iy A

FHIN ()5, DR ke U Ao A (0 2 WA, R
WAL H WA E iE T, B H pH {4 1-3,
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TR (0 1 RE B R A7 e, U D A8 (0 11 75 M
RO PE A A SR RS a R 1 MR Losg B AR X
Bl 40 L S, B T A £ IR A R R A L AE
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1%, E A, A 35 56 3% B AR S R 47 76 1 AS 1 [ f
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S 4 N T Nl A W 1T S 4 = s 1
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(R E A | SRR | PR A BRI AR AR ) R R
1% 5L Wl 22 1) g S A0 B 4 T A | R 455, 455



524 4 2 M

EEREFAREN RRAELBEBESUFR LR 411

®3 RATHEHEXNSHEEEN

Table 3 Polysaccharide base wall materials for anthocyanin delivery

A BE A% 8,32 7R K Lk
BHELEH Ll HEGARL D EFERLEF G QR4 4325%, BEA [51]
272.5 nm,{~®4x % 1043 mV, % o #4540 (PDI) A 0.485; 44
kA bz o, BAIHELELEF G ERTANLD
W A F R4 ) (PSC) 3 & T & 46 & 3 (Free—ACNs)
BHELEHF LB ERE,. BTE GHXEHNIM%,ERH 1781 mm, BET L EF LERIF LR [52]
7 R pH 152 E 5 R 89 18 T 842 72 1
R EHF ERME. HEEMR AHEEFARBEANEOBRIEE, LEFOIEET ARG, [53]
LIS 12%5 Ak 8 2T% £ 5N, mrRE-ZRkaska (CH-
TPP) % fik 4 45 76 & 3F (ACN) £ &5 A £ & @ (99%) , B3 # 4
&3 e el R & A 94.02%
HHELEHF T RAE R EBARA T0d B BTN T5%HR % 3) 90% , 3L 4% 2 § Wb [54]
o B AR
WEHELEH B-H FAE(BC) EF 3 A KA S4B 430 o 3 70 & 30 09 AL T M A 4 AL AL [55]
MHERMEKCM)Fr A R ACNW B EWERT 3MH S BAARALHR(TEA K
¥R (XG) A FE )
EHELEF Rk F A R B Ao B AR E AR T 1 £ AR W b 0 Bk [56]
BB B AL JE R KBS AL R R A IR 0 A B B A R 0
WEEREHF R E RS R MANREG T HER SRR TP RFT TR T®, 28R [57]
e E R AOHOREETRAHILEEK 104
EHEEEF Tk H it B B (GMO) SR & ik i 42 %A 5 e b 36 Fm F 428 A 3R 3R [58]
(%% #H %- At 25 ) W 5 AR 254 42 WO 3 A AR LR A R 0945 8 1
3-# F 4EaF RHBRHERERB TR, R A @ E A %

(r)/\
£
By
e
&

WNFFHEEZTHAREHNBT o R BE-MBKF L AL [59]
OHBETHLE FRTREBRORENL RS TREFY
B3R, Y pHMMA 33 I EFARERETEZERE MR

A 4% (PECs) ¥ k& &1, & & pH A4 4.0 # 5.0 i £ PECs
Jo) B T A% BAL & B PR AP AR R R O3R

BHEEEF mBEATE. FEK
(X H%-

3-% )

KEDE3- HRRA
O-71 7 ¥5 3

BB BB E - H E-F A (CS-ATCs-KC) 2 % BL A & # B4k [60]
N, FEBRGEERBEREFTZTOME L pH 6.0 42 25

CH M T ik 3 94.40%4) b H EHR G F
XEHF3-0-HABFEHHEERMO LS FAF 842%, Bx [61]
AAHRARERGT C3C AN TEN, f£0 Kb b3

C3G K-Fri B C3C At & T 27.4%

PRV AL OH 71 B B L K E 5 4 N i
FE PRI Y | 2455 5 B2 B AE (0 - 1 R
EWORLBITIRE , PRI 4,

AT 5 TSGR e R PR
T PEAAS E M B AR RIS A B S AR
R T A e AT DA 3 R A, AT
e HAERE AL T — A s a0 T,

THR G ZJE T U BORL I SRR T BE 2 BT R
i, FE B AL R EE T, 205 Z [ B A AT
DA K HE 1 22 () F) 0y BRLAIR ) A7 A AT B2 45 RS
W, T BB INRLAR Y 53 T S B LR IR
W, DR 7 8 5 A €Y Y A AT RE IR A B R
Z 18] B 73 Tk B 2% AR O A B SOR B A dE s 2
— . HAFIES X REA D Z B LR N ER
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Table 4  Protein base wall materials for anthocyanin delivery

LA B a3 R PSS
BHEREF (K LFHrBERS KRR T dJE 1R G FE A (65.42+1.66)% , £2 H A A= VC Ao ik 5 fiR [62]
F-3-F5LHEF) R P ARG FE 5 A K (75.36+1.08) %A= (59.84+2.20)%

EHEREHF a-BEYG P-BEG  2HBEOATANBLEFHRIR FARSZEFENE [63]
MR b a-TE G AR LF

BHEREHF (REK o-BEH L-BEFE MNEEFLROBRTRPRANLARR T L-BF O a-F [64]

F-3-F 5L AR & E

EHEREF a-BFE G R 2 a-BK G QIE AR EF R DR, D Kh Py [65]
EFeTAHBLEFMANY 1.5~10.1 42

BHELEH BEEEO KAEES LBLAROROEZENHREFTETOEKRESN 2%, 25 THE [66]
eI (6%)
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Research Progress on Physiological Activity, Extraction and Purification,
and Stabilization of Anthocyanins in Blueberry

Li Zixuan'?, Guo Jiajing”, Su Donglin’?, Shan Yang"
(‘Longping Branch, College of Biology, Hunan University, Changsha 410125
*Hunan Provincial Key Laboratory for Fruits and Vegetables Storage Processing and Quality Safety,
Hunan Agricultural Product Processing Institute, Hunan Academy of Agricultural Sciences, Changsha 410125)

Abstract Anthocyanins are the main phenolic active components in blueberry, which have attracted much attention due
to their excellent antioxidant, anti-inflammatory, anti—tumor and eye protection functions. However, anthocyanins in blue-
berry are easily affected by light, oxygen, pH value, metal ions and other factors, and their absorption and utilization
rate are low in the human body, which limits their application. This review summarized the functional activities, extrac-
tion and purification methods, and stabilization technology of anthocyanins in blueberry, and hope to provide reference
for the application of anthocyanins in food industry.

Keywords anthocyanins in blueberry; functional activity; extraction and purification; stabilization



