Vol. 22 No. 9

i SR = T S
H Sep. 2 022

Journal of Chinese Institute of Food Science and Technology

REEARRRENREBEERTRHE

FHH, BE#"
(FPERLXFRASHFEERIREE LT 100083
CtEBEARKEASALE WY 14853)

WE EEFA-RAAZFMEORAN S AEREEATZEA, FEERAPOLEEFT R ERARARAY
BE AR RERER LI ARA SN RE AL B AL LREATFARARCUASRIE, Kb, 4
e EEROKREE DA AREIBE B AE pHM LR BFFRBE L AN BRI RO HANE, ELEFALIT®,
B LREFAREHARGEE T ORI AMAEREMT AFf S 3R Y BRHELE, ELTRERF G,
B FERBORTHE LFEE RBIHEARBAEEAEERS UARGERZONEDTAHMAE, Wb, 81X
ORAERER S TR, EAREMN & BHRTE KR FABA KRG B RS A GE 5 IUA R R R AT

WL HRER G TFRA RRSEAE
KR
XEHES 1009-7848(2022)09-0349-16

il TSR JE 3 (Spirulina platensis or Arthrospi-
ra platensis ) 75 T 5430 Fl N KA AL 37 5, 1y D) fiE
R 259 90 ot ) ok I AR KA 28 T Fn T
KT AR R AU 55%~70% , 30
& 1 (Phycobiliprotein) 75 & & 111 5t 1§ 15%~20%
B3 L D) 9 i 25 (Phycocyanin, PC)JE SUAEAE
B AR R A Yy bR — R R 1O RERY (4
A, WO e R I SRR S iR A I
R WA AE P A 620 nm 78 A7 I I3 5 4 K
R B D 0 R 1 i ek R AT AR R g
PEAT T AR AR 7 A B A A de s 1, SR Al AR
BT A g A o LI 23 9 B R GE(=0.7)
B (=3.9) Fr ik (=4.0)9,

1 BEEAEN

BEWE TR o e A B b DA 2H ke Y e IE K
(Phycobilisome, PBS)JE =47 78 , @8 AR WG Wi i 56
REMC YK 3E o % 21 8 1 (Phycoerythrin, PE) | % &
1 531 5 % & 1 (Allophycocyanin, APC){& i | 5]
IRV G R GE TR I 8 0 26 1 s A DA
a8 HER E 5 60% L EB, Hm 45 i (o) 5

KRB 2021-09-23
EE®B . FARH(1998—), 5 L4
BIEMEE. GEH E-mail: gyxcau@126.com

REERG; HEAFHEN,; ARER, AREE; LAEKS
DOI: 10.16429/j.1009-7848.2022.09.036

TR BT 4 e T AR, a— WV 3 ) T B 12~19
ku, 7 2 A-2f e & R Ak LA 2 A F B R A 0 5 8-
WIS T 14~21 ku, & 3 2B BR A% I AN
5 AW AR, AL T (aB); FR = Rk
(B ) FAR IS AR Ty o W5 26 (1 ) 2 B A7 1
RO ANBARS T 200 104 ku, o8 W FE (4] 18
it a-IRTEN FAHEAEH A MR EA S TS
& 8 AL PR O 0 R, R — e 1 DU i g ()
eG4, 3 ik 5 0 i A R b e R
BRILAE | VS — B AE a-84 B-84 Fll B-155,
TENFAKEA, KoFad—PReEEAN
KRR, g K 5 e s R i 2 A
TERL,
BEEAOEAIR SR BURL i
A Rl LT AR K TS v PR AR
NG DU R v PO B A KR
AT T B S B A B R R R
D AEHE HARBIA I E AR B 3 0 2 AR fge
1 R R R S4TSR B AR
Tt Y 2 R pH (A DI (B R,
Xofin T A B2 A o BURK A B B R B A R T AR
b 5N 5 A8 L0 0 i 5 1 B A, R 2
FesE M, e 2 B 5 Tall A 17 A 32 3 PR
Kupka %5258 o $2 = & R IR B R 155 5
W N Bk A kAl Rk R g



350 hoE g

i oF i

2022 455 9 H

WSO A e B P R TR S i
I RE A A, R T B E P R
(aB)s TEfRFIFHR oy e IT e, Fo ke L MIF IR ok 22
OVER, HER AR REEH 2R MR, Ma
EEIUM T R AR B WE 2R 1 v B A 4T B R T 22
I =20 ] 1 R G A2 Ak LA B— 0 1 FRT 4 &
151 - D b A €, 11 1 G R E A AR A Sy S i
5 3 o U AN B KR BLAE T S 1T DL Sy W
(25 4 [ 5 AE B— W3k I, FEOL I Bk R
T 5 IV 5 (5] R X 328 0 ol A e (0 AT B A m P A
KA A B DR YERF B T, Tong SEMIN ] 3 Fh
A S 5 AR AT DD AR AR SR RN T 63
AR B, AT 0 B D b e A €2 AT R e i 66 £ 19 1)
E R DA e (IR I G D O e B RERE B2
Wi o I3 8h AR i PR E PR VR 1 22 SOk
3 A B G H AAE RTEAE BRT 46 e W) L
SRRSO BRI BEFS T AR T RIS, X — R
B W I A A B A AR R AR AR BT R A8
FIER AR, HAG R B AE v (] 5L 1 5 BO07
HE A 2% i A0 R 4 AL SE A A %

XFF 8 W 2 A9 A, Nourmohammadi 5519
S T P 8 TR R A L T B P 0 S TR i v
(Arthrospira platensis) , ¥ ZAE R IR Lo Fl €A 5
INABERGBRFL b BEA 1) 3 3 i Hi AR EL A 52 B
Xof Bl TOURR T 5 1) A R I, R AEASAEL H i T 9 Ak
s B A TR, B T AR AT A AR T AL
P2 T T AR 38 v 2 A, Deev SN - 7 e i i
FEEEEE Wk B, A K BRI 7R 1
S o3 A B RALEEA B R AR YR B, U
IR BUTE M 1 A G AR AL 0 e ds R AU S 4, K
A 20 J M e 5 0 1 A . A ansk 1 s
IR AT IR I R 3 0 1 A DA U TR
e AR A T, A R AR i (0 R T
i Al R DL —E PR AR, A
W, R R R 1 Dh RE AR A G ) 1 T &
3 k2, 1 R AR E R A A =S 1]
T 0F A AT BRI K KRR Rl Y, WS
FIEA R LH], 1B SUs ) A5 20 At
R, I ST PR TEEEANE OO
RN AR S M B sk A 2R, BT R A N
FRiT S

2 BREFEABERNNA

B e O BRI R EN R, T H AR
Hh A € S5 1) ok 8 9 R A RO B Tk v
KR ORI AT BREPEZ —PY, N T IR FH 2R
iR B0 5 2 L R IO B A 2 e A, AE— 2
Re gtk (WA HE 3R Al I, Chentir 25238 53 i
DARREL ) ek 28 A ) B AR 2R el b A= I A6 il
WK A R L 2300 me/g TR, LI KHY
$ETF o B, e E RV E R A B AR A A
A R W AN L W (S TE ), DL SR SRR TR
FUAE T~ WM (R E AR )™, b RS R
TE— 8 2 AT Wl VR 8 i i 08 (R .

TEK AP BB IR $h 22 mf b, 4l Ak e W 2R
DI I [ R A e RS, B 30 2R D i AN
Wi fif 2R, RARIE UM (aB)s 7S BARFL AL N (aB); =
AR, FHEE R (o) B, 24 504 3 05 2 i g P
WAV IR EY M E R (EEE N0
AE i 1% b R SORIAR S DG RE B T 5 PO UL M
5, T VPN Al Ak e i 2 1 i 8 PR A0 ) B AR 1) Ji
A 1Y 5096, 4 HARHAE (<30 mmol/L) ¥ T His B 12
RO T, (o) S o 32 T M7 A T Y 5 R Al
KA LN R A R H R AR, BT H AR
THT P G 17 AR, S B R 1 O BE S T
RG2S R B H "4 . Gustiningtyas
SRS = RGN, i 0 5Kk &
Wi (FCZERE)TE pH 7 A Bivh S 3 7 52 Bk i i
R S LA A T 304 S5 A I B
INVRLAR T g v A IR E I, TE 50 °C Z&F T IR
90 min {3 o] B R ARk . Selig 58 o 5 £ b
FR) 248 5 4 v ol o I € PR R M PR I SRR
JIZR e FAT P R O 220 o o 2R 1 AR
FVER it A0 B rhoK RS E PR IS SRAE ] . LU
2 Eh G2 PR A BT, TEBEFE A T S e A
HZRMEE, T RIS RS e 18 5 R
FBURL LA 3K Zeta HUDL, X — R RGN T.f5
BRMEAE fe/N, TEFAE PRI il Ak 2 b A
GFIEEE T

TE M FE Al | Zhang S5 HI LG 4 F 78 pH
3B S E IR, 3 Hr LT AR A e
WA MREEENRE S, It BIFEMILEEN
Foa-FLAEH B-FLERE R A HER Rk



351

FOEFRIMALBEZRRZAFT LR

1
%

2% Hol

(952D
FHEL W %9~%T — WRA sisuompd  vadsongiy) i
wLIOT  RUHEUWEY HMPRERE - BN GE W W W W OSTO-NNA WE RN KHENLY fAUBYS FRcETEt
BS1~%] (sasuomyd Y @ W
1020C FHARNEY W EY S - GO WL IS R W % w w vadsoyuy) R oW % oW W O RUEYE W W I W
s %S~%1 & (s1suampd
1810C PR EY BH CWmEF YW Y WRY FERWEW vadomuy) R oW B oW W HERBR
kMW
¥ ¥ ST HY (szsuompd ¥ ¥ b
@S00T ¥WMELEEWY ‘HBIEY - WHW WP HY WO LETR  vadomyuy) R oW ¥ W W ¥UHPE WMLl
3G 1T ¥ (TS—4d1 sisuampd nadsonyiy)
10T0T FHUAHNEY HFFE - R HE Y BSTERTE TSIl WE SR WHEW Y WEHIE 20y e
+r
FRRPREER FEEY 08 W B % %S0 (sasuompd g
0T0T  WE WSS @,@@m\% g R & £ B M Bugmwy vodsouy) oW o W W MY RWHE
16 (ST
NEEN MG e S %TI'0  —OVD / 01-DTT "ds 20150N) GT
@007 ¥WA BmUYmMER HIRPY - N BH M eEEER -OVD/O0I-DTT Ye LR wsy LHWIE
8T'€ ($01¥ DD
POl Fiff ¥ + 8 ¥ FWBI0  -DANd vuassiyiaf vumquuy) g
w6l0T  WHBFI Y UEHUEY - Y b BEEE  0Iv D00dNd W% & RET U UEHBE
e %8~%T (sasuomyd 4
6l0T  EF A HWWVUBEHZEEH - IEE 2 BEER vadsoyuy) ¥ ¥ % W W WLETH
(&
FHAERTET N LW Gk % %8°0~%¢ 0 (s1suompd R ap
wOT0C  ELEEB AWWY HFIE - Wy F) NEHX Bugmwy vodoquy) ¥ W % W W LUEYE W WY
24
X UaEa=2 N N N
sy Fh o 2% Ugwd By Y F XU HF/IQETY @ ¥ a3y

LEEE

s1onpoxd pooj ut sisuampd puynadg pue urueLooolyd jo serdurexe Suidjdde aaneiuesordoyy

G EFEEHH N WD RWHU R Y EF

™ ey
il

[ °I9BL
-



2022 455 9 H

i

oz

i

O

352

CERME B A B W E B Y RN
U e S YRR CH E B o B A F B G o 2081 I, S 0 M S 166 67 3
FH 5 B I B sy S0P Sy fa] ° UG o BTN R
R 0 S H R BT SR S S SR ) B G Y S T
ek N SR BRI O Y R AL T ) R R O )
ch EO R Sof 3K oo H E A e OHT S0 TR G 1 5 3R I T S B 7 A T
THIEEEH ) 1L ch e 2 GH 2 Fty 9PN ) ° 2o YA A g B B
1 GH (46 5k 5 B b ' B ) 5 T W T 20— - AR T ACH T
B ) T NS W B N M M M 2 — T WY P AL (D) DL I
G 3 2% R 1A N9 6 T A6 Y A () ) O o M G ) B e
WG S CER O R T o SRR i B MO O SE I ) o
T FE ey S N 200 2 L B T B X on kW) ) G

Y W M e B O I R S 5 Y
“eellit B B M Z L
WE YR L SR G EV R ELE%1°0 B8 "2 P S fl T ¢ HA Gl o 4 1f)
HEZ ° %W KOS GO0 ) B LR ROE fr B
B 5 0] YV UOZL B % U0 Y BV SIS R e e g —d "
EESUETERSY D BR-IPISIER AR QR TR b D el F3 AR T
FOCYOH by LT b S T T M S O A R Y
Wpof — EIE A e BV S L SR S T 3 R PdIN 009 1 BN
0SY 37 ° M2 26 i " O 78Tk EV S S0 & BV S S0 J ) 3 o o
B ) Pioishy BUPUZ" g 06 3 S YA W) U I 0 R B T SR O L
L3 Do 08 7 oA NCH R ol T AN L W B T R T S ke
9L G H B OB B I s D T S B ) BV SR %E Bl
G EIE BUE%OT YA H =) off ) B 330) 3 50 93 o 1) 57 B Bl 5
REH YT M2 57 [ B0 H T Y A BV R Y ey BV Y

(957D
%S - WX stsuampd vadsoyriy)
01610C HHELWY WHFUEY - WA B G KUY OSTO-WDI ¥ CHUHENY HWETT Y
% %S 1~%S0 (s1suamyd s
@610T  FEUEWWHd HEEE A ¥ Fuwgmwy vodoyuy) oW W W WIRMT ¥ W Ok
(962D
ST¥% — NI sisuamyd  vardsoayniy) ")
(0610C FHRFBRNEY WEF WAE G HE ey %9 B EHEF  OSTO-NRI YR EHRWHENUY OUHYE
(952D
HHELYWE T WHH =977 %9~%T — W®I swsuowpd vadsonyiiy) +
610¢ WEY AWUW HPFIER WU E  BOCCL G F P WE W W % W W OCTO-INNI HEERUHEWY ML E¥s
YWy
Y [ 2 8% N N
FHd . Ygsd Zooy N F YHY G F/BETR WLl %3 w3
% 20y
ER R
(1 2%%)



o
113

S

F22% oMW

BEOEERTHR LB FIKRAFT LR 353

3 HEEPREMNKEXERZFHMA
31 NG FYRBEEEER

WA ST, Ry B4 38 5 2R 1 I LA A4
P B AL S T S A BT RE TS
SRS O AT R . 2 2 B AT AR
B/ R B W B VIR R ], B R R
b —FP R L, SR 3.4, 5 1E B il
AL A rh e A IRAE RN R, KT A SR e /N
Oy T EA e R Ra e BV L T A I e
X 5 HL 4 R B ) R R v R R N A 1 R
SE R RS HERR BRI THSA R L 4 EUA R
XUREFE S 308 2 (A A B, HO0T 8 2 A R
TRY R AR i AR B 5 30 B A B AR
FH BT 2R TS A RO I ¥ 7 1) & A Y
PR, AR RS A R AR BN A
FF 28 B 4 R SR, A BEA OSA R /N
O3 TS N T B K AT AR AR, R R i
T TR RS I Y i R 22—

Faieta 555l 8 43 96 ' B 1 A B — €5 3% 43 #r
AN T e TR M 0 o A ) 8 1 AR P VR e MR
M), 350 2R 11 R O AR R L, A RE R
VA I o [ ) S TRT I 0, S T VR 1
T A 7E IR T S 6 RS EL A i T A A
b B R[] O TR L I R LA S AT A
FaE R . Antelo %5 SR 5% & B0 A 1K 2 B 3%
10%~50% L1 BB Pt | v] 7 12 FQOR bR 25 1R T 4 R
LR B R E M, LRI E L (0-
CH,—CH,), X 3 5 5 [ 52 B i 25 22 {4 9P 5, Bra-
ga WK 2 A IR N 509% L BLBE I A 209 4 %5
IR G A T Bk e R A

R BT AN TR) 28 TR M S o i AR R B sk
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T A AT B T i A 1 AR E M 2 A
pH 7 PRI T B BE A 5% A8 R BE Tm B 57.5 °C 4
1R 3] 62.8 °C., P i i Ay e T BT Y R BT
RE L0 B X B A 1 kAT o 1 T B 7
71,

B FH I 3 22 6 500 O 8 W 2 1A AT Ak A etk
A W A SN AL Ry A2 B v — R T B
A A 30 TR %) 5 5 i R 1 1) U R A S
I NE , DT B i LR E M TERE B R
T AR — At HI AR BRI VR TR S W TE
— Yl B R B B oY A A R N R K
AR, AE A 4 ) B vy 3 R B 1 R B A AR
T PR T A T FIOME TR A D AR IR B
A SR 38 e AU IR R R 2 1k SN I T T
TEAE R B A AP By AT R, R S R AN
AN T A R 100 3 AR R T A v P A S
FACH) —FIAbFE 7 . 7E Zheng SFIMESE
o AR FRAR i 05 B 1 o IR AR | BEE AL
RN TR A SRR L A S R I, R
A3 AR L R 6 R B 20 000 B, A R I A
84 °C 41FF, LA 340 MPa JE S 4 FE 15 min N &%
FEE AU T2 o 1 i 2 et
33 EYASFRERKEER

B L AR 8 /N - FOG 3 0 BR 1 R AT A
PR = AR R E AL, ORI Y R AR
R Z R E ARG REREEND, flugE
BT SR RO FLE & A 2 ELE DUAEY) K
T R R A AR A oK R, 2 3 X R4
W) 5 RS AR MR SR ) AT R R
TR S8 pH (G, 3 85 H R A o, 5 66
fEFF AR . BRI S8 55 oy FIRE T 1 S
KT 4546 T8 A 51 53 B0 A8 KU, 35 W 2
FeE eI &, 2 NARER AT AL S A=Y mT A
FHEE RIS 342 5

Lemos 45 1) AN [7] > U 1 3 oy 6 JHL 35 1 2
F1, B0 A0 3 8 S B T b 110 A A i 22 [ O
AR TE T 7 MK K BE S 25 BT R, e 31— 2 1Y
SRR, DR s Wy S gk T AR H R bt
RFFVELL SR H - B G W BRI
Selig S5 PXTFISE R e /R B Al v R & 2
T X 35 A AR 1 AR i R B 1 I K A ) DR g )

FEVEAS 7635 0 2 LR R P s I S SR e % A &
T2 K B PR A SN AR B G g, B e A O
TP R TE A A RO T O R AR E I
IR T AR VR R K R

Braga 5™ 00 B E A S R A L hER
B, R RN 28 (0 JCET A R ) 25 A 6 i
EHMFRY 22, IEW Y5225 A% 0.45 mm, B
T B UCAE 2% 125 mm, LA 24.3 KV, il ad 234 7
Bt Sk I 0 SN T T T R B AE 2.5 pl/min,, B
TR 5% 45 2744 B AR A 295 nm BYFRHL L5 22 1EAN
[ B T, 3 2 I B A ) o e A IE G 1 A FA R
TEVPES R B EHE T, Schmatz 25192238 ) # f mit
55, FFH 3R 0 Tt b 35 0 B P R AT B2 o At 5
T M 119%% CIREERRE 3% 3 16 55 11159 31 J
e B S R, LW N2 0.45 mm, LA 20 KV, 1k}
T E A 50 wl/h, BEAC T 5 ) i R e
B EPRLAR R 395 nm, HB R 2950 751% , BAE
ABTS [ i JE35 B 525 f1 DPPH [ F 5635 B 52 56
A AR,

B gl oK R b 5 W B B i AR R AN, ]
SR FH T 8 1R 6 Xo) 8 8 B E AT T 4k, 4N Pradeep
GGG RN SR E AL, 1 R IR A,
A L 30 wl/min B9 U E B A 2% &AL 5
Wt AR T BT ERAE S 1.05 mm A
W B T PR AR BRI R AR B R AR
SEE RS T B AR R D fE DR A I R
PRAUET — AR R AR AR Yan F05E
Tk 1 3R T v ) A v R T 90 O R R R e
BT 2.0% 050 B W ORI F A5 B TR
22 1.03 mm F9 3 15 8 1 - 15 35 12 &k — 72 OB
B, A FA T C iR (1.81 mm) R A28/ | JR A
FE T P EB B RA ) 30 TR -1 R L Ok 5 e B
WER G, stk B, — o E G 45 R
HH G AR P R R M, T A 55 Bk £ A
o R AR, R R A R

B E A MRt e AR T BT
PLeks% . Manconi SEVE K G BB i F1AH ] Bt ol f5
(b, (A R RCRS e AR AR TR T I
H, ISR RSB — B, AR R Tk
68% ML =R | g 1 AR B AT 3450 R4 19 3 iCpE Fi
J B FE B PE . Yagoubi S57R 44 A J5T 44 K o ks
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Research Progress of the Color-shade Stability and Delivery Systems of Phycocyanin

Li Qike'?, Gao Yanxiang"
(“College of Food Science & Nuiritional Engineering, China Agricultural University, Beijing 100083
*Department of Food Science, Cornell University, New York 14853)

Abstract Spirulina  (Arthrospira platensis), a paragon of commercial applications of alga, has been widely cultivated as
an economic product around the world. As one of the luminous energy transporters in a structure called phycobilisomes in
cyanobacteria and microalgae, phycocyanin has been gaining attention as a natural blue colorant and a physiological ac-
tive compound. Phycocyanin showed several health benefits such as anti-inflammatory, anti—-tumor, anti—oxidant, and im-
munomodulatory, which have been fully tested, hence it is very promising for the application of phycocyanin in the area
of drug delivery. However, purified phycocyanin is prone to precipitating and/or dissociating when dissolved in the water,
and demonstrates high sensitivity to environmental stresses such as temperature, pH, light, and ion. In the field of col-
orant protection, researchers devoted themselves to the stability improvement of phycocyanin on the nanoscale such as
nanoparticles and nanoemulsions, to keep its robustness in harsh conditions in food processings and storages. In the field
of physiological activity maintenance, researchers hammered at bioaccessibility improvement of phycocyanin by adding
oligosaccharides and/or preservatives, or modifying its molecular structure via physical methods and/or chemical methods,
as well as forming various nanocarriers for phycocyanin delivery. In addition, phycocyanin, a fluorescent protein, has
been employed as a shell material of nanoparticles, applied to the mediation of metal nanoparticles, utilized in the for-
mation of fluorescent probes, and so on. In this paper, applications of phycocyanin were summarized, and prospects for
its development were presented as well.

Keywords phycocyanin; physicochemical stability; physiological activity; nanocarrier; photo—responsive protein



