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Abstract: The molecule self-assembly technology was used to prepare astaxanthin/whey protein nanocomplex, and the
interaction mechanism between astaxanthin (AST) and whey protein was studied. By controlling the proportion of
astaxanthin organic solution and whey protein aqueous phase, whey protein (a-lactalbumin, S-lactoglobulin, whey protein
concentrate and bovine serum albumin) and astaxanthin were used for preparing well formed H aggregates or J aggregates
astaxanthin/bovine serum albumin nanocomplexes, the resultant H/J AWC-NPs were spherical with 150~430 nm diameter,

polydispersity index (PDI) showed good dispersity and —12~—1 mV Zeta potential measured by dynamic light scattering
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(DLS). Both H aggregates and J aggregates astaxanthin/whey protein nanocomplexes were near spherical with clear and

smooth edges by transmission electron microscopy (TEM). The analysis by ultraviolet-visible absorption spectra revealed

that the absorption maximum A, of astaxanthin H aggregates was shifted from 480 nm of astaxanthin monomer blue to

388 nm, and the absorption maximum A, of astaxanthin J aggregates was shifted red, showing a parallel peak at about 519

and 556 nm. The fluorescence spectrum analysis showed that the fluorescence intensity of astaxanthin/whey protein

nanocomplex was significantly enhanced due to the specific structure of astaxanthin aggregates, and hydrophobic amino

acids and hydrophobic regions in whey protein were exposed. In this study, the water dispersion of astaxanthin and its

aggregates and the characteristics of whey protein carrier were investigated to provide theoretical basis for its subsequent

development and application in the field of food and medicine.

Key words: astaxanthin(AST); whey protein; nanocarriers; UV-Vis spectra; fluorescence spectra; interaction
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Fig.1 Schematic diagram of astaxanthin aggregates'
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85%, 43Tt 14.2 kDa, IR HRMH A R F];
B-ZLEREE A (LLF 90%, 47T i 18.3 kDa) . A~ IMiE &
(4L 97%, 4y T 5 66.430 kDa) bt &3 =Rl
FARRNT]L WenZLIE BT B 80%, KHE
Glanbia #IFA RN Al oK LB [ 25 {2357
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1.2 WA

1.2.1 W2

1.2.1.1 UFERBFWHIE =% Lu 5P 7k,
WA L, BEThiIR T 2= B . MERRFREL 0.00250 g IR
TEET 100 mL )R, iIlA 100 mL Jo/K 2 Bs%s
fRIRTT 2R, TE S IRADCHI KA T 200 r/min % F14FE
1 h, BedlHEE A 0.0250 mg/mL AYER R 2RI,
AR BC R o

1.2.1.2 FLEEREATHIE  SH Y 7k, ia
e, Wel LI 8 R

o-FLHAEHBE R (a-La) Bl & FREL 10 mg a-FL
2R A @ AR R, INAZ] 10 mL JGE Ko, Hil4
WA 1 mg/mL 19 o-FLAE AR B, 4 °C 1%
J8o HX 1 mL a-La F:¥, A F] 39 mL JoE7K 45
%] 0.025 mg/mL a-La % ; B 1 mL a-La B:#ANA
3] 31.5 mL JoEZKHESEIAR 0.03 mg/mL a-La E#-

B-FLEREE A (B-Lg) AV 25 FREXL 10 mg p-FL
BREE A A A A, AR 10 mL JCEE/KH, Hil4
HBEA 1 mg/mL 19 B-FLEREE AR BR, 4 C 1%
P HX 1 mL B-Lg BEWE, LA F] 39 mL JoEE /K 115
#] 0.025 mg/mL B-Lg ¥ ; BL 1 mL B-Lg RRINA
#] 31.5 mL JEE/KH5E] 0.03 mg/mL S-Lg i -

We4rFLIE 1 (Whey Protein Concentrate, WPC)
T 45 FREL 10 mg W45 L35 25 1 B @ lEHAory
AR, IMAF] 10 mL JEE 7K, Hil &S HE A 1 mg/mL
PR FLIE B VAN BRI, 4 °C ¥ e B 1 mL ¥
45 FLiE B B, I A E] 39 mL JC B K H 45 #
0.025 mg/mL WPC ¥ ; B 1 mL ¥ % 7L 25 F1 B
WA Z] 31.5 mL LW 7K 45 E] 0.03 mg/mL WPC
IR -

R 1ML5 25 1 (Bovine Serum Albumin, BSA) IR
PRI FREX 10 mg 25 L7 B8R PR AR, INAE] 10 mL
ToEE K, AU 1 mg/mL B4 L3 35 PSR
HEFR, 4 °C Wik, B 1 mL BSA B, IAZE] 39 mL
JC & K 45 ] 0.025 mg/mL BSA ¥ W ; B 1 mL
BSA BHEHIIAZR] 31.5 mL JEE /K452 0.03 mg/mL
BSA %W
1.2.1.3 H BY/J BIRLEARIFE R S52LIEE Q90K E
YA ARSI o-ZLAE A . -3
BREELH . FLIERE AR 4 S 8 A a2k n iRy = 7
MRIRIT . B TIZ)E AR RSN, LA
TR K E G W U FH DU R B I Lk B X ol
0.02 mg/mL, it FIER 3 (AST) &M BE 424 0.005
mg/mL .

H /) BUKF 5 R /o-FL R 90K E G (HI
Aggregates Astaxanthin/a-La Nanocomplexes, H/J-
ALaNs) Bl £ 41 F . H-ALaNs: B H 2 mL 0.025
mg/mL AST ¥ ¥, 1% i in#] 8 mL 0.025 mg/mL
o-La ¥4, 200 r/min #E56H#E J13FE 10 min; J-ALaNs
A #5: H 10 mL 0.025 mg/mL AST ¥, [m
I 7.5 mL JoK B, w57 745FE 10 min J5K 3.5 mL
BEHNINAZR] 6.5 mL 0.03 mg/mL a-La %4, 200 r/min
WE'GCHE 13 HE 10 min.

HR/JRIEFHFE R/B-AKRELONKE &Y
( H/J Aggregates Astaxanthin/f-Lg Nanocomplexes,
H/J-ALgNs) [ il £ : H-ALgNs By #1450 o W B
2 mL 0.025 mg/mL AST ¥ ¥, i& #iii% in 3] 8 mL
0.025 mg/mL S-Lg ¥ # , 200 r/min 38 G RE 7 858 3
10 min; J-ALgNs il #&: 2 HX 10 mL 0.025 mg/mL
AST ¥, W H AN 7.5 mL Jo/K 205, w5 I8
10 min J5UZHY 3.5 mLA#HNIAZ] 6.5 mL 0.03 mg/mL
B-Lg Wi, 200 r/min#EGRE S35+ 10 min.

H #/J BURE R/ FLIE R AR S5 (H/
Aggregates Astaxanthin/Whey protein concentrate
Nanocomplexes, H/J-AWNSs) Al 25 U1~ . H-AWNs
(I £ W2 H 2 mL 0.025 mg/mL AST ¥, 2 Wi
JIE 8 mL 0.025 mg/mL WPC A%, 200 r/min ' FET i
F 10 min; -AWNs B9l H 10 mL 0.025 mg/mL
AST ¥, M HAINA 7.5 mL JC/K 282, w5 S
10 min JEWEX 3.5 mL ZEMAZ] 6.5 mL 0.03 mg/mL
WPC %, 200 r/min #E6RE 145HE 10 min,

H #4/3 BYURT 22 /248 s & AR E A9 (H/
Aggregates Astaxanthin/Bovine Serum Albumin Nano-
complexes, H/J-ABNs) 191l & 4 . H-ABNSs [l
£ W HL 2 mL 0.025 mg/mL AST WK, 3B Wi in &)
8 mL 0.025 mg/mL BSA ¥, 200 r/min #ESGRE 11
¥ 10 min; J-ABNs 19l £5: I 10 mL 0.025 mg/mL
AST ¥R, ) FAin A 7.5 mL Jo/K 28, w5 St
10 min JEWHY 3.5 mL #ZiEIAZ] 6.5 mL 0.03 mg/mL
BSA ¥k, 200 r/min GRS 13 FE 10 min,
1.2.2 UNEZR/FIEEAYCRE SIS 8
of 1.2.1 B IEXTIRE R/ZIE B AR E G T
A, BT R A TN RAUKRE G YEBCREAIE &
PR EEAE SO, BB EIR 25 CL BRI N g
TE, WIS WORAS, R HIEA TINIATHT o
1.2.3 URER/ZLEE DK G 0RAE B B A
o Ok Z24E TR (PDD 1 E P FTIHF R
SCRLEEAY TR 30 min. V%6 b (8 L, I FHA=E000 & v
VERIR, BGHT LRI A& 2K E 59 1 mL INAKIARFE
dim L, AR A I B A B S 90°, PR R
25 °C, AR E A 120 s, fEERIRECH 90 IR, 43804
Joi K o BRI A PR, BRI, 34T 80
53T o

Zeta LA I AE - AR 5= F 7 #2 (Henry ) 23306
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W R /ZLIE SR 9K E S A R H 2GR
A7 5, IR B SIS 5 G i HL UK BERR Uy, S8)5
ARYE = F I B (Henry ) SRAGHR T ZH/ZLIEE HYIKE
EWIRTEAL, AR R 25 °C, BESHEASTATE] 120 s,
e EL LS 1 om R Z4&0, RAH—XT 0.45 cm?
AHAR, [BIRESN 0.4 omo BEARE SN PUYK, BT
18, #HATEAR 5T -
1.2.4 ¥R R/ZLIEE AR E S Y0075 55 L e g
2 I8 Preethi 50" (Y AW A AL . B TE R S
T T A AR, ] DX A A B VAT 2 T
TR NS . KZY 10 min J5BUR 8l M, JFHIEAC
FE] DX R TR A T, Wik TRAAR R T (1] X Ay T TR
LR . AR P L TS RS TR VR e A L 2 10 min,
BN, 28T TS, A S i e s b
pUE =2

1.2.5 R Z/ZUEEAYORE SRRSO GRS
M $208 Qiao 5572 Y ILBEAT VHHE, FTH 24 AT
BLAYEERET, W 15 min, FAFMSWTE 3 (9%
b L, SEE SR YE R 2 200~800 nm; [H]HE A
1.0 nm; ¥EEE2N 10 MIERES 4GS, KA
Al KL UE
1.2.6 UFHEZHE/ZLEEAPKE SWRITERIN  Hi7
A8 Liu 252 (e s A JREE, B 45 o s /707
FEAPKREGYLL K o-FLAE B . p-FLEREH
R HRARFLIE B NV . A NS BRI A T
POCIEFIH . RSP R N S S E AT,
I % A [ 52 Ry 280 nm, K5OG Y A E R
290~450 nm, 3 A& 1A S AR 44 5 3 [ SETE 10 nm,
FHEE A 6000 nm/min, £ RS EOEE T 153
HAHR (25660 -
1.3 B

7R 33z JH Microsoft Excel 2020 45 &4 A4b ¥ 33
SRR, FARIRE R S52UE S EAH EA/E ST I
FEM T . ZeeEiE, I H g E ST A B AE
FHBILH
2 ZEREHMh
2.1 B ZEALEEBMKE SN ST

WRIEH T a-FLIASE M (a-La) . B-FLEREE 1 (B-
Lg). A MIEHEF(BSA) —Fhop—F (1 k4 75 E
FI(WPC), H 1.2.1 /R 4T H 428070k, il e
H/J-ALaNs. H/J-ALgNs. H/J-AWNs. H/J-ABNs %
Wo W 2 Frs AR AT Ak 2 594
i, Horp H AR 2R /ZLIE SR DR E S8 ik
o —iF BV MR . JCUTE . JO2REE; J UM 22/
YUK E Sy 8518 — @ SR . JCUTTE. T
28, UM E SUIFEBIEIRER LIAEZES . Lu &P
FIRIFTE A B, MR 2R R4 43 LA DX T P A T e e
PoAEMES AL H BRAEAR, AHXT 4R 32 % 25 AR 1y

BRI R AR iR, H AR B s (G, LIAA
HEAIRTT 2 ARG TR A T HER L W ) SRAEAA,
AR TR S0 2 SR A R RO e R A A 4T R%,
Bl (P, ARG LI A Ay g s nl i, MRS
R H RN J SRR AT Y BEAE DNA-TERMEH
R ARG R, AT A AN KA S I AR i
. SEAERY PUETE, HEMIRTT ZK L H SRR
B J SRR A GRS AT PAE T 58
SN BSOS T I THE— ST

a-FLAEN B-FLEREN AT A EN
e
B2 UMERFEEAYKRE S YHRE

Fig.2 Sample diagram of astaxanthin/whey protein

nanocomplex
TE: H Oy HERARRIRE RFLEEAGORE 595 8 T RER
HRAFEAWKREZEY; 1.2, 3,4 35K o-FLHE
H. p-FLEREN  IRAFLEEN . FILEEA .

22 MMERFABEANKRESYIHIRIZRBAL
I S CHRUR AN SR 22/ FLIE & k2
ki K AL, AF BN S RN 1,

*1IFEREFUEECPRE SYRRAR LA

Table 1 Particle size and potential of astaxanthin/whey protein

nanocomplex

(RS #ifE(nm) PDI H AL (mV)
H-ALaNs 159+39 0.41+0.03 -10.7£2.0
J-ALaNs 390+9 0.24+0.05 -5.8+1.7
H-ALgNs 25745 0.31+0.05 -8.5¢1.4
J-ALgNs 298+8 0.20+0.01 -1.4+0.3
H-AWNs 340+12 0.43+0.06 -5.2+1.3
J-AWNs 42745 0.28+0.03 -4.7£0.4
H-ABNs 251«£15 0.33+0.88 -6.1+1.0
J-ABNs 357+14 0.21+0.05 -2.7+0.3

R 1 AFLIEE A S ERTT R A RIS B
XN AORIAR . 20 EEFE R (PDD) | HLfE . AR ES
IS ANTE], Horp o-FL A 8 RS T Hofth —=Fh
5 T RAEARIRTE R B0 K 25 W PR AR 5L
BN, p-FLEREE AR T HAL =FPEE 5 H RAEK
R IR BRI SRR, SECR RIS RS
YRS FEAHEA AR AN, 20 Bds a5 i
% 1 AJ L H SRR AR5 /)T T SRAEAA, ELAT
F ) PDI ALK T3, SFIE N H SRR IR
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HEE I BREWRIRE RN AFEITERA . Zhao
ELN ST T EH BRAHESS N J-AST M2 2S4S
) H-AST., Ho i B AHE S5 AR X T )2 )2 HE
=, TN E SRR . R R R 25530
FL Pk AR E VR R R, i R L pdha
FEPEPY S LUK ARS R S Hh VR0 1] 1 e HE R 4R,
PRI 1k A 25 F A (B AT A T sz AR J= A2 P e 1
AN PO RN SIS RTERE SR RAAE RN
BB Ay 225, Horp H AY/) RUIRE 2/ a-FL AR 99K
BEWIA RS AL, — R AR R e R .
R 18R vT o0, R 2R /RIS R B YUK E S kit
BJHE 150~430 nm Z [7], PDI 43 #CPE R 48, H A 14F
—12~—1 mV ZJa], SHEXMREP BFST, Ui ST
Rl RIS R/ B EANKRE S Y.

2.3 MEZRFBEENKRESYHESBENE

H AT SCEGIR TR B, p-FLERE . R4AFLIE
H AR BETE B a8 B9 Kb, o-FL HEE AT M i 52,
BT PAE AR S | A3 73 ok st . SR
1.2.1.3 Y7 il 4 H-ABNs Fil J-ABNs 242K
ZEY, ik TEM WSS RS aRES, 45 1
mE 3 .

& 3 [] LLE Y H/J-ABNs % W VT 0L BRI,
X5 Wu &P Hil & AR E ST RAEL. I 3,
TERIAKIZ G TR A AR, 456 B I S 0BR
TRY, BRAIRY SN S IK B ELLE &5 B, HE 4
I35 F8E B BT A -Fe a5 M HEFAE S MR, vhTa] e
BRIRY MU 2R, B ZEAE 4 MU B8 A -5 gk
ghiyrb . R 3 FXF R RT RAGE HY J-ABNs A0 40
KRR ZE IR T H-ABNs B WG KRBIAE, i@ T 2.2
H%FF H/J-ABNSs 3 AR A2 090 & 7T 41, H-ABNs
R INKE B4R 251 nm, J-ABNs IR /K SRR
A1 357 nm, J-ABNSs & & 1Y /K & k42 KT H-ABNs
AR EHiAE . DLS MASAIR-GRits T bt

3 H/J-ABNs B &4)5 5 5 R

BEATIMAS AN AR, X TT BB i T H Bl i R 22
oK 3 A0 208 O el B I e B, MR 2R /FLIE AR
40K A4 (H/J-ABNs) [k 43 A #947, BF
T RO EAEFLIE AR MR I AZ -S2 9Kk asF v, U
AR 22/ FLIE SR 9K 549 (H/J-ABNs) Uil & o
24 MMER/AFEANRESREINA LIE
V2Kl

XU 22/ LI B K E S TR GiE A
i, 7E 300~800 nm fEEGIEANAE 4.

FHIEl 4 AT H RU-ARH 22 /ZLE R AR E 5
ik 7E 388 nm ZEATAFAE— g, P H SRR
Faxg, 1] J AR 140, 3L AL C. D Y H R4E
ARHE 480 nm AbAF7E 55 A — AW W 4, 1T J-ALaNs
TE 519 F1 556 nm 244 PIAL s IfH 0. FLIE R
F A T 2201 (Tyr) .« RN 242 (Phe) . 222 (Trp)
£ 300~800 nm V& AT W IR, T AS B 5 P iR 77 2R/
FLIE R H UK E S W00 W g B ., X — A8k 5
Zhao %02 Y Y H AU/J B IF5 22 /DNA/GE RBFH
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