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Abstract: The objective of this study was to investigate the impacts of four thermal treatments on the stability of
astaxanthin-enriched eggs (hot spring, soft-boiled, hard-boiled and pan-fried eggs). And a simulated gastrointestinal tract
model was designed to evaluate the lipid and protein digestibility, molecular weight distribution of protein, biostability and
bioaccessibility of astaxanthin. Results showed that thermal treatment led to the degradation of astaxanthin. Among these,
soft-boiled had the highest retention ratio, 97.21%. Compared with raw eggs, boiled eggs had higher lipid and protein
digestibility. Soft-boiled and hot spring eggs exhibited the highest digestibility, however, a lower digestibility was observed
on the pan-fried eggs. These results were confirmed by electrophoresis analysis that the fractions with high molecular
weight in the soft-boiled and hot spring eggs disappeared. There was no significant difference on the biostability of eggs
astaxanthin under different thermal treatment, which was 48.76%~49.47%, while boiling eggs could effectively improve the
bioaccessibility as compared with raw eggs. The soft-boiled and hot spring eggs exhibited relatively higher bioaccessibility,
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48.76% and 47.71%, respectively. These results suggested that soft-boiled astaxanthin-enriched eggs could be used as a

promising approach for natural astaxanthin supplementation.

Key words: astaxanthin; thermal treatment; stability; digestibility; bioaccessibility
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[E Eppendorf 2\ 7); THS-15 (Il EIEAE T
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A IR LS &SRB A RA R T,
120 H 300 H #2238, BEHLR 2 4 (528, X ig
1) I JEICA 6 JE, TR — JE P9 P 2H 2 TR R
RARIRR, 322 kXt BRZH Ak 20 1] ML SRE At I R, S 6 2H A
FLRBARDA I 1.5% WA= 4T Bk e (MR 3R & 2
220 mg/kg), FHME 5 JE . FEXLR HRSEEFE, H BIK
K SRE, £ H SGREITE] 16 h, F5 38351 B 35 i e
22~25 °Co FERAPR AYTC T 4R M B TR AR R (R
FeAi): FoK(61.8%) . TLHI(24.2%) . /NEER(5.5%) .
£ IRA71(5.5%) | #£(1.2%) . L-#1%1% (0.6%) . DL-#&
E12(0.3%) . TR (1.0%) . HEH (17.8%) . MW
(0.4%) . £5(3.0%) . fRiIHAEE(2702 keal/kg) o {E: a. Tl
B BT v i k32 . v, (10000 TU) | Vi,
(5.0mg). V5,(18.0mg). V5;(32.5mg). V(5.0 mg).
Vp12(0.2 mg) . V,;(5000.0 TU) . V(200.0 TU) , 2E9)
# (4.0 mg) . MER(1.0 mg) . £k(0.2 g) . £(0.2 g) | ¢
(0.1 g). fifi(4.0 mg); bACHIHEE N TTHAAE, BRI
A .
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(0, RN 2 R O BT, S IR 28 4 [ AR
GB/T 5009.5-2016 CEx & AR FTT I I 5 )i e X 2
FERARE R, SREeRL e EZAME GB/T 5009.6-
2016 CE i AR T A s Y XS 2 v Big s 5 L =
A8 Dansou ZEU (1) Jy LI 2 2 T I R T 2R A
B, BRI 1.00 g ZRBEAES, M LI 5 mL PUS
/B EE (L2 1, v/v), IRJE 2 min, SRR BSOS BT
60 °C K I4% AR 20 min, [ FEPATAS mL 212
ZUTG, SRS TR IR 2 min, BESEHZBUKTE 4 C T
LI 4000xg FEE 5.0 5 min, B5.O45 K, B FI
it 0.22 pm FFL T v IS AT 8 2 v A0 A (03 A
/NI REI  WAH SRR, A YMC C30
(250 mmx*4.6 mm, 5 um, H AR YMC 27l AR
25 °C; PiushAH: F /AT 36 9 3k ik/7K, EbBilsh 78:
14:8(v/v/v), ZEEEVR N IR, 1.0 mL/min; &7 1.
471 nm; FEFERE: 10 pLo BURF FRARAES, (R 3
AHBECH 0.5, 1.0, 2.0, 4.0, 6.0, 8.0 pg/mL FR ARk
R, SR ARUERZR: y=45910x+72376, R*=0.9909,
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o, R RIS AR S RIS RN SR
FEAEMAH R ZES B R, \EN 2 E AT,
G IR . UNFEERER 1 . B AT T AR S I AR
FRLMREE N &, S A mEueE . P H %, 1tk
Sh, RRITFNIR S R FEAE P AERE T B, A0
TR WHOE | APGE IR BSR4y
F, BT IR SN AL SE 5, FH T /e 2 e Wi T 1k
B HTTE AR SRS R A AT 4520 E o R
SR ETE M, W52/ N AT B, DA AN 43
B 2R SR, G A T A SR vER P

Z: 8 Brodkorb &5 (1 5 vk X MR AL NS 5
AT M BRI AL, JEVEE B a 5L E &R
HALHTBE: FEHMFRIX 0.2 g SIS EE S a0k T
7.023 mL KB F/KH, A 12 mL £h%5 9 (Bl 7 U
% 1), 0.03 mL CaCl,(H,0),(0.3 mol/L) fil 0.4 mL
HCI(5 molVL) , #iFE:¥45], #8755 pH 2 2.0, FIIA
0.667 mL B & [ B (32 mg/mL) Fl 0.48 mL H H&
Wi lE# (83.3 mg/mL), 37 B & T HIEIR B 3258

R W NI e

Table 1 Composition of salt solution
ZFR A (mL) W (mol/L)
CaCl,(H,0), 0.5 0.3
KCl 30 0.5
KH,PO, 6 0.5
NaHCO, 65 1
NaCl 25 2
MgCL,(H,0), 2 0.15
(NH,),CO, 2 0.5

S 2 h(37 °C, 180 r/min); b AL/ NzTH AL B : 7
HEBIHAL I B e S, 7R E AR T INA 8 mL R
# . 0.04 mL CaCl,(H,0),(0.3 mol/L) . 3.16 mL 2
B KA 0.8 mL NaOH(5 mol/L), #idE3g45), ¥hm
A 3 mL H{+ (200 mg/mL), J435 pH £ 7.0, SZ.EIfn
A 5 mL JERE## (133 mg/mL), #KXJ5 bk & TEEIR
GREFEFE TN 2 h(37 °C, 180 r/min) . A T BALRSE
SosE R HETATE, ITE AR, TR RTINS 37 C. K
ZEa FAAD B ) BRI N B B VRAE R R
1.2.6 REWIHALZRMNE =% Hur 550 1757250
FENRWIHAEES . PRI 1 g SEwHeSh i/ MM, fin
AGE HETCR BRI AN, SR )5 ) o AL 50 mL A 7 Fik
(30~60 °C), IRSJEHCE SR . KRG W uEF Uk
£ 25 mL JEWE, M8 A 50 mL Jo/K s, i
i 2~3 EEK, FH KOH Wl 1 . LLUFES e
FRFNEARITH AL, WF S A Wi iete LU A=A
A::lF x (2)
Horp, A IR EBAREN, mL; F A0 8 W
J£,0.01 mol/L; m fRFRAEMFES I TE, g.
1.2.7 HEEBHEAARMNE B 10 mL &35 AR
/N TEALHE, DL 5000 r/min 250> 10 min, Y842 75
W . =7 Branford?” g7 AN EFE H R &
B 50 pL FIEWS 4 mL 5 S HB iR TR 04,
RAHAE#E S min, 7E 595 nm £ 2 W YG1E -
LA A= IfiL 78 25 AR S 2 il bR o i 28 (y=0.9423x+
0.00952, R>=0.9977), T3 & i & &, FEBLIT
AR PR,

AR AAAINE R (%) = gx 100

B e R (KOH/g) = 5.611 x

2 (3

o, m AUER BIEWh AR B S i, g5 m 1RRITH
AR s AR A T AR S, g0
1.2.8 RNKBERZEER Bk T S8 Wang 2501
M7 IR AT IAR TR T B L BT 40 i i Ot o TRAR IS
T BS I M E 53 BN 5% 12%, ¥4 F iR &5 a%,
ERES I/ NI TSRS 2> PR PRI G
A7, WK 5 min, ZRJFHEL 10 L BESL BRE. WIUARH
FEVEE SN 80 mV [HE B, FRff i Rk Ao B i
Ja, B ETEE N 120 mV EEH)E. Bk S,
FE H, UK I ) B IT F% A2 B AE YL (R (5 S W A
G250/ B/ 2. 1R/ 57K, 0.1:45:10:45, v/v/v/v)H
Bl 1 h, RIS F R B (PP I/ 2R/ 2535 F K,
1:1:8, v/vAv) RS 1 he e AL 2B e R A SGit
ATHUR
1.2.9 AR FERAAMIEOASET RGN E
BRESH /N TEAL _LIE WA 0.45 pm K RAEFLT
VRN RS, SRR (5 SO0 25 1 B 53 53
FIEO o WA KA, A3 A . TSKgel G2000-
SWXL ARG HT4E (300 mmx7.8 mm, HASZAH
RS BishAH: K/ S/ =821 (4:6:0.05,
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V/V/V); HEEA 1.0 mL/min; #EEE: 10 pL; AE: 25 °C;
R t: 241 nm. PLAFMRAESAEML AR C. 4R
53R . FPRE K . A I H RN SR 22 i b v pl 2R
(y=—0.4592x+6.8447, R>=0.9598) ,

1.2.10 MFHEFZEAEYTHARNMNE  AINEEIEES
WG, 37 BB S 0 NIBTH AR AE VKK 30 min,
SR 5 HL 20 mL {H L AE 10000 r/min, 4 °C T &0
30 min, FEIEWRIMIEE)ZE, S0 1.2.2 433100 1H
AERTRE S . /NZTEALIRARE S RS T IR 221
B, IR L AR B nT AR A

i%ﬁéﬁ%(%)=%x100 #® (4)
IR (%) = 2= 5 100 X (5)

A, Mygieene: BERHTHIRE R &I, g5 mpeqn
INEACBT IR 2205 5, g5 Mg e THALHTRE AL
TR RS EL, g0
1.3 HIELIE

BHEAE 2R 3 AT, BRI
{EtFRUEZE ., R Origin 2018 F11 SPSS 22.0 #i4-it
FTEAE T BAER], 225 Feis 2 (Al AY 22 R FH RN 2R
J7 225387 F1 Duncan K564 7 8 38 PES T (P<0.05)
2 BERSH
2.1 HEREEXNBERRAVEN

e 2 s, BFFF RS R 5 X BRI XY ZE 1
L MR RIS R IR S e A 2
5. Heng ZEPVHFSE T H A PSR A 21 BR XT3
AT REN, S5 R PR, R 2R 9 ARG R 5 X R
XSERING IS A | FEEAEFEPRIJC 25 5. Walker
RN K BT T R RAL NS FR AU AR BT . BEAR L AR S X
LG EEAH LI E W 3 25 5, AR SCESIR AR 34,
SRACGEE PR 2 S ik F) 102.09 ng/g, 10 5
W AR RN 22, AN 2 AR 2 B
IR PNELAC U TR B, 32 2 B (3 IR )
J A . Dansou 25 g B X8 85 P IR 2K = S R
Hr IR RN R IE b, 213.4 mg/kg BhNFE4H
YEEURE R 1A 3 79.45 ng/g; Gao U 5T &
B 100 mg/kg BNLHAEMIME 6 JE 5 AR 3G 85 s
T RIS EER 44.20 mg/kg. SHTARISCHAR

2 WFE R SR
Table 2  Effect of astaxanthin enrichment on the egg quality

PRIEFR AR LINSE W e N B
HE(g) 61.20+4.15° 60.82+3.67°
HEGE 13.02£0.04° 6.98+0.02°
[EE LA 81.50+1.45° 83.80+3.70°
BEETE (%) 13.37£0.01° 13.35+0.02"
BERT & (%) 32.62+0.17° 32.62+0.16°
IFE RS & (ng/g) 102.09+0.38 KA

T [AA A [ R R BB ) R AT 2022 57 (P<0.05), R3]

b, AR S il A5 ity s A R R iR T 2R 5 e B e v e
SZFRG PSR PRI | PR IR 2R R s S
2.2 FEHAEFAIINE RRE MR

Wk 3 Fon, Sad s, AR E . THOE . R
H | REETPIRE KA R 97.21%. 96.58% .
91.04% F1 87.88%, LRI L3 IR 28—
FEBIFRR, B INARAR BE g3, P2 X 282
JE R 2R 53T 45 T S A R U, X L
U, B IR AR, S E RIS R IR, 255
DT 2RI K A= SR A AR 24

3 AFPAEH T AU Z R E PR
Table 3 Effect of thermal treatment on astaxanthin retention of
astaxanthin-enriched eggs

2051 R E TR LE HiZE

IFE R (%) 97.2120.12° 96.58+0.24" 91.04+0.38° 87.88+0.27°

23 TREFACEAS RIS RRWBEEREEEN
Al

W 1 TR, AH R EEER, A AR ] DA S T 2R
SRALIS NG AL, ELIELSR SN O AR 2 (A B T
LRI IC I 2257 (P>0.05), T AR S i v iR i 11
LR, 33X AT HE S i TR A i 5 30 (s As Pk
TR, AT TRIARRG I, EERRITAR B, AR ImAssEg
JUTEAE A

0.5-
04 ;7 g ¢ ab
. 7 U 7
¥ 03
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=
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“HRE WLE RAE R B
K1 AR A0 R 2 XS SR 5 AR B 52
Fig.1 Effect of thermal treatment on the lipid digestion rate of
astaxanthin-enriched eggs

TE: AN 5 B R Al — 48 AR N B ) HAy 1 25 1 22 57 (P<
0.05); 141 2, ¥ 4 [,
24 AEFHRACEZRNUNE R RWEEEARHELE
HISZR

i & 2 AT, AN TR R A B O S AR
AR s AR s PO =il SR >4 s >t
WP, AN PO AT S S RN R
FARMKIK Ay - P8O =i IR =~ A >R >
W Wang 5PN HI5E T AR (4, 56, 65, 100 °C)
AL PR R B A 10 BT S MM A A A 2
IR R BAE 65 °C NI BT B A s E N
THALRR, LR AR B AT ASE 5 85 1 BT T Ak, (H B
PRAE I T A A FSE ], X G AS LR Z8 R A—
o SRR BRSNS S A PR BRI AR PR AR



- 116 - Tk R 2022 4F 12 A

O i B2 AR AL, UnlE] 3 T, fEgsid ik sh

wop. AL B2 B g EEN R LI 87 1 SR T 2 11 5 TR T T

_wll e 44.3 kDa. RIRIHT 22 1] 2 975 F- b B8 AL

;\; Y TR ] AN [ S P A0 5 Rl ) 2 391, I A B

S °0f VI RN, RSO3 R TR R, 25 SR W IR L 42l

& a0l TR 2 TR R TR, TR R
=N M5, 25 RS R RS 2).

W7 22 ALY 2 28 (RS MBI 1k 2 1 T4 T

HESMIT N2 4 3%, 45 5 6 W TSR B R TR B

’ S RO PO RPUR R
P2 ORIl Rb 3 Jy On M  22 5 A R 2 2R 1 I
THALRI R
Fig.2 Effect of thermal treatment on the protein digestion rate
of astaxanthin-enriched eggs

ARVE | JIREE S B Sl R AR, i S EDTE SR
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P, AR TE A BUE AR SR, R A E R
ACREAL TR, Nl REIE N IR B 2 T 3 iR
e AN S Aa A, ol S ECE USSR AT AL s
R KA SN, AR B AR TR
25 NEHRAER IS RBUBEHLRTER
[ s KA AL

PR TR R SR Z IR RS A S, 768
TETH AL BT AR BRI A SR AN TR RS Y 22 SRR 2 B PR,
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66.4

443

29.0

20.1
143
6.5

1 1T it v \%
B3 AR By SR SR 325 (XS S L h 8 i SDS-PAGE HLK 4]
Fig.3 SDS-PAGE electrophoresis of astaxanthin-enriched eggs treated with different thermal treatment
e DR EEN . D CEER . NaPGEEN . VAESER ., VEERN . VIRREER, IDEoEER eAEERT, X
mEwE, XEER,

443

29.0

20.1
143

THALTE 5 B KBE S AL, <500 Da ARESH G435
i 66.34% 1 65.91%, U KT8] 1 &5 1 A 2B 3 B AR
P, RT3 AR BT AR, BT A e i Ry
FBE S ATYE/ L T REARAE NG RR TP BN AR AR
FERMAF) T E AR, FRS b, S AR s
T 28 BT METH AL, SO DR S AR v i e i AR R
BEEERRER A S g E T . SR, P R IR AR
MBI AL IS /Ny T Ik BE (<500 Da) 5 Lhim & TR IE
T, 33X T BRI DA AR RO (i I R RS S 2 T
TEUE MR AN R, FEUR v P AR RS S (s B AR
Pl 2 AR ) O LBk, SR R w2, )5
Srda i o H AR AR T BT R A S 53T 53 A 153407
2.6 FRPEAFRMNITE RZEVREESEYA 4
RSN

MR R R IR S IR R et B i ik

kDa =

200
116 |%

97.2 |-
66.4

6.5

VI VII
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Table 4 Protein molecular weight distribution of astaxanthin-enriched eggs treated with different thermal treatment
after in vitro digestion

" () (%)
Ir R PP o P s . : pra - s
SEEWC OWRE  BOE AME E  SEW RRE L& ARE  E
>10 kDa 4.63¢ 3.88¢ 3.41° 5.70° 4.90° 5.33° 5.22° 4.72¢ 5.88" 6.11°
1~10 kDa 28.68" 9.44° 9.83° 9.47° 60.60" 9.60° 8.45° 8.80° 8.54° 8.27°
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