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Abstract: To investigate the thermal stability of amylose-lycopene complexes (ALCs), the changes in the lycopene content, retention rate,
and antioxidant activity of ALCs were investigated at 50 °C, 70°C, 90 C, 110 C, and 130 C, respectively, with lycopene standard as the
control, and the thermal degradation kinetics were further investigated. The results showed that the thermal stability of ALCs was better than that
of the control group, and they protected the present lycopene. The contents of lycopene in ALCs with treatment conditions of 50 “C (4 h) and
130 °C (1 h) were12.55 pg/mL and 11.06 pg/mL; respectively, which were significantly higher than 10.80 pg/mL and 8.43 pug/mL of lycopene
standard (p<0.05). The lycopene retention, and antioxidant activity of ALCs decreased gradually with increasing ambient temperature and
treatment duration, although they were significantly better than those of the lycopene standard control. After treatment at 90 ‘C for 10 h, the
lycopene retention rate and antioxidant activity of ALCs decreased to 66.59% and 23.83%, respectively, which were significantly better than
44.19% and 4.81% in the control group (p<0.05). Furthermore, the thermal degradation behavior of lycopene in ALCs accorded with the
equation 1/C-1/Co=kt+b. The degradation rate constant k showed a positive correlation with temperature, while degradation half-life and
one-tenth-life showed a negative correlation with temperature. These results suggest that ALCs may effectively protect lycopene with excellent
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thermal stability. The thermal degradation process of lycopene in ALCs accords with the second-order degradation kinetic model.

Key words: amylose; lycopene; compound; thermal stability; degradation kinetics

Tzl 2 (Lycopene) s& RYRTHEYME: BV —Fh
KA MR, TIZAAETHRM . AR NS
RS, ot — S ZAMBANEE ) I IR A
Y, XARFER ISR T T A0 LR AR A B A
PR, BFFREW], AL AT RO K B B4,
PrEEEol JERRIS A T, SR O LT
R 4 T 30 RO 39 5 92 VAR 22 P A BT R
BWALLER 2 320 U FAEE R 3% 1R 5 00 T 7 A P i
R4, TR R H PR 1) 1 H TR R A

TER ARG TP FEE RSy, HAE AR AL
Wit 5 R A RIS, JEMIR AT 2. e
fS b 2T, AR AARAE RN, Fir DL 75 vt A
JTREMSIRGZVE R TH R &), BT vE R UM
BIMA . CA SCERBF AR WIS PRt - e i 525 P iR
TR AT B IR ELREVE R /K i 2, 1T BRI 454X
WO, HAPUEMAN. BESEMRIEA—MR
UFHBER, FEORY DIRENE 7307 TH CAF 2072 N
Jeong ZFPOIF A IR 22 7 BE I ELEEVE M (0 S VI REE AT
RUORRR AR R B AT M s R /N B S U £ 1)
TR EFEE R - 2 S BA TUH

T I 1) % 2 B R AT UG SRR A L AR R ARUE T
Wang 5220 & | B/ALLER-B- ARG EEH, RINAE
50 C FER%F 210 min, FALLAMAEREE S T6
G KRR T AL RmGUK N o, Il
TCAERE At 30 d JE Feh B AL SR DR BE F2 0N 80%. Uit
Gb, H TR SVER IS« BB RNNR RS 455l
PR DR 2420 AR RO ZH DAy S 2 i 21 ) i
SEUA N AR E 1, % % 4 T & F 1 B REVE R 9 )5
BE H T EERES A R R IE 7 R gt wlis
SEMERT AL WA e AR T T A E
BERAENER,  BRIRESKIIE T pimn 7K 1t A T 18 e
Jis27, — A CApRiese T o PO 2 1 BE3015E ) ]
DU I AR S e B SRR E S . ERTH
AfF 70 B T B VR (B AR KRV & T B R -
A REEY (Amylose-Lycopene Complexes,
ALCs) B, FEXFH LR ERET RAE, (EXHZEEY)
(R FAHE E 1 AN B BT . AS SCED I M BE IR BE ™ ALCs
R AL R B AP EAIE AL, AT AR
T JEE S I TR0 L OR BE Ze ) s, I — B 9E 1 7
IBEARDN 1A . @I T ALCs B #ER e MR AL
U, AR 2 A WA R S 0 TR P AR 4
BEEERT e YT

1 MR5REE

L1 AR5 5 A

ELHEER (RERUED. B ambrdtin, iR
HAVMBHARAR, —HETI I, 2hR O
BH36.5%) FEAEN, YR Tal, REERHERK
WEARFIA IR AR B (B H098%), FRMIFTF
WERFIE IR AT 28R ALCs S22 i

12 (& 5%%

UV1800-BPC Y S84L 7306 6 vk, BSR4 4%
WEARA 75 IXDC-10 RSN, LilsEe
FAX A IRAT]; YM-120 S BYEA AL, | Kb
PRI A A DZE-6050 AR TR, RIS NoREE
IAARAF]; MX-S BUREdRs)#% . MS-H280-Pro !
W21 t4k, 55 B SCILOGEX A#].

1.3 . R¥ 5%

13.1 HAiERh-Fmadk Lomes &

Z MR Ly SEPA I Tk, IREIB . FREGEARLL
Z 15mg /T 15 mL TR 7E 50 CIRE&
FLEEIEN) 300 mg FH 0.4 mL JE/K Z 085, 30 mL
ZMKIEARIFT 95 C/KIE 5 min JG R Z 50 °C; IO
T HLLEVEWE LA 500 r/min VB S HEHE 2 h, IR E
4 ‘CJG1E 1500 t/min 25 0» 30 min, B4 THRIE, B
BHBEM-FEMAREESY (ALCs)  SREFEL.
TR A
132 Hrh-Fmat i oh P dmiitdy
i

K ALL BRI, BT RS- B RR vt ph 28
HATEMA R SRR 2 5IECE 04 2.5, 5.05 7.5,
10.0 A1 15.0 pg/mL MIFE ML R NERE, FHHZEIMY
TG TN E HLAE 447 nm AEKIROESE, S MERIE1S
7 i 4L & B & Ak it 22 07 2 8 »=0.156 5x-0.011 3

(R=0.9999). FREUEES: 5 mg AT 10 mL NEA,

Fe L AL 5 min J5 PA 1 500 r/min 250> 15 min, HY
IERINE HAE 447 nm (OB RE, ARAE bR 2R 1 [
TR A B AR S R
133 A#iih-&miidt Lo dis et

M —E 2Z M T AT RE R, 2HET
50. 70~ 90~ 110 F1 130 C N, HEfG— & BUEE 5 mg.

9



MK EmBHY

Modern Food Science and Technology

2022, Vol.38, No.12

KRR B T I 10 mL IR, AR 214X
AbFE 3 min, #EOG 4 CHALLEE S min, 1500 r/min
OALFE 15 min, B ISR T oA mAr, fd 4] L
FEREACI B HAE 447 nm (IO EE . RIS T
HEMAR SR, SHERETEBEER-FMLRE
BV B B SR B AR BN TA) (AR A B, Ik
1T RSN 15753 M

A

CoxV,

Kb :

D—®& i F G E, %:;

i A4 %, ngml;

mmam EME 69 ALCs & misE 4%, pg/mL;
7, ALK e 4 E R TR EARAR, mL;

TR B ] & 2 ALCs P & 76 £ & B 35 044 75 R AR

x100% (D

2, mLo
134 HAskih-&itsk 2464 DPPH A g4
AR R 2

PUEALTE M BV 225 Zhou 25K )51k, R
DPPH 5 Bk AT 5E o K5 ALCs ML a2
BIETF 50, 70, 90, 110 fi1 130 ‘C ', FFHbE— & 8] HL
FE5mg, £ 10mL AERE A RIEE S AR R
FH 1 mL RRBIIAE] 3 mL DPPH | (0.01 mmol/L)
TR, BRI 30 min J57E 517 nm ARIE L
I5E SR T 2 A0 DPPH & 3R o 8L A 2\l T -

P @

4,

ER

EF—DPPH F% %, %;
7% (DPPH &% M EA=3:1) 49R R ;
AR CEEE ALCs ABRE & (3:1) A9BEE:
i Ae ALCs 5% 09 A 8RB .
1.3.5° Askictr-&mled 8 5eGIRERSh 1) 5

Z% Aliyu &P E 7776, HARTEZ . % ALCs

PRI & 2 ONERAN TR . — R — %
s 1 R A, MR AEE - T mMARZE S
PO INE RSN )1 R IR -2 ) 125 7 FE L A
TAR 3. @ A (5,
C,—C =kt+b (3)
h{goj kt+b 4
L—izkt+b (5)

t 0

10

N

WL F GG AIAE A=, ng/mL;
B B 18] e B & AR i F A9 ARt A2, pg/mL;
B AHELE, h;

& &, pg/(mL-h).

2 [ sh 712 JE AR e DA A St S R
Bk, pg/(mL-h)s P32 T, b F50 2 —3E W Tornos
h EERS) )15 S5
1.3.6 HKIEHHT

SIS AR SPSS 24 AT S i abE, IR H
Origin 2018 1 Microsoft Excel 2019 B . % T 4545 LA
PMEhRE RN SIS o LR FH RO £ A 56
SE MR EL R X285 . p<<0.05 Nz R A Y
THEE .

2 HRSOH

2.1 ALCs #hfam Mot x

NI FARIRE S N ALCs G EME, LR
TR PR RCATTIE, 7T ALCs £ 50, 70, 90, 110
AT 130 CAEBEf5 A AL Z & i MR R AR
211 245 ALCs A28 a9 %7

PATR G L R bR v S Xt IR, BF T BBk S R i
AREGMEAE W . AFREERE N ALCs
VSRR AN N Y A

a 1I5r

1Aap, 50 °C -« ALCs

-e- Lycopene

T AL R IR E / (ug/mL)

1 Bd
10
Acd Acd Ad
9l
1 1 1 1 1 1
0 2 4 6 8 10 12
i1 / b
b 151 .

) AaAa 70 °C -4 ALCs

14 -e- Lycopene

T LR EIRSE / (ng/mL)
o

fF(A] / h



DR EmR Modern Food Science and Technology 2022, Vol.38, No.12
CS 16'A 90 C - ALCs r EER GRS AR, BT MEmL Rt
a
£ 14N Ab Ab -+ Lycopene N B EHEGEN BB e = s, 805 B 0T
g 12 TR ST AR B IR XS e 5 #4357, [ e m] R4 A g
ﬁ 10 TR o ek . HIF—IE T A EE T HHRE
‘5 . FEPUREE AT, T2 A AR AL R
g . FRBEIRCIE, (45— 2040 B AR AT B B 2E 4 T 1
& eSS AERR S, — B NB T B E . F Ll
4 L ; L ; L ; Ly N s fs VP Sl ==
0 2 4 6 8 10 12 AR AN B B R RS s, TR ER A
i8] / h IREGE A (50 B AR AL R B AR fidt, A5 A P& Ak %
dﬁ 8 'Aa 110 C - ALCs B FINHT PR ST %% B £L R B- PR B A
;EL 141 ~* Lycopene PITEARE ¥ 9nel eS| b W o (Y D o o1 Gk
2 TR AR, RKIEE 5T =i e
2 P2 AU
o 212 KB B Awut A 2 ALCs & 76 41 & 44
*:j\ ;550
s IR 1.3 3 B R AR (D532 ALCs TR Hi4L
YT 2 3 4 s 6 ZARBR, DR EIER Rl 1% ALCs 740 2R 52
B i) / h TR e D1 2,
e: 16‘-Aa 130 C & ALCs = ALCs (50 °co) 5 ALCs (70 °(:‘) s ALCs (90 C)
s 14 -e- Lycopene 1(9)8 ,ALCf(llo C) Béf_,CSH(I:;O C)
;10 % ‘ o »L\c -2“ B | IEdd @
” 2 10 \ “
&K ;1. 60
# £ 5
B 20
o 10
0

A / h
&1 ALCs FIEMAEFRERENRIEREME TEEMIZSE
BT

Fig.1 Changes of lycopene content in ALCs and lycopene
standard at different temperature
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Fig.2 Changes of lycopene retention rate of ALCs under
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Fig.4 Antioxidant properties of ALCs under different heat
treatment conditions
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Table 1 Linear regression equations and coefficients R? for the degradation kinetics of lycopene in ALCs under different environmental

conditions of temperature

, s —4 —%
B/ C - : ;
Az R? T Az R? T AE R?

50 Co-C~0.189 3x+0.548 ~ 0.77 In (C/C0)=0.014 6x+0.038 8  0.79 1/C-1/C=0.001 1x+0.0027  0.81
70 Co-C=0.2935x+0.7821 0.83 In (G/Cp)=0.024 1x+0.054 6  0.86 1/C-1/C=0.002x+0.0037  0.89
90 C-C=0.412x+0.9199  0.83 In (C/Co)=0.037 2x+0.0573  0.85 1/C-1/C¢=0.003 4x+0.003 1  0.87
110 Co-C=1.000 8x+1.0591 0.92 In (C/Co) =0.094 7x+0.067 1  0.96 1/Ci-1/Co=0.009 2x+0.003 5  0.99
130 Co-C=0.988 6x+1.386 5 0.88 In (G/Cp) =0.095 3x+0.0949  0.93 1/C-1/C=0.009 4x+0.005 8  0.97

=2 FEHRALIBEMET ALCs HIRMEBH hEEH

Table 2 Kinetic parameters of thermal degradation of ALCs under different heat treatment conditions

®E/C AR TAZ X B I Mug/(mL-h)]  FRI Tih  +9Z—KM Tonoh
50 1/C-1/C=0.001 1x+0.002 7 0.001 1 63.01 9.58
70 1/C~1/C=0.002 0x+0.003 7 0.0020 34.66 5.27
90 1/C~1/C=0.003 4x+0.003 1 0.003 4 20.39 3.10
110 1/C-1/C=0.009 2x+0.003 5 0.009 2 7.53 1.15
130 1/C-1/C=0.009 4x-+0.005 8 0.009 4 7.40 1.12
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Fig.5 Kinetic fitting of secondary degradation of ALCs under
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