5 44 % 5 6 ] i Tl B Vol. 44 No. 6
2023 4% 3 H Science and Technology of Food Industry Mar. 2023

BURE 2, ANRAL, BREAE, 2. MM AL AR BT T OK SRS -9 AR AL 5 W S RE RV R S0 [J]. & Tk BHEE, 2023, 44(6): 82-88.
doi: 10.13386/j.issn11002-0306.2022050354
ZHAO Kangyun, PIAO Chunhong, ZHANG Siwei, et al. Effects of Sub-gelatinization Heat Treatment on Functional Properties of Corn

Starch-Piperine Complex[J]. Science and Technology of Food Industry, 2023, 44(6): 82—88. (in Chinese with English abstract). doi:
10.13386/j.issn1002-0306.2022050354

B SR -

PRHERSEBIRT AR DE 1‘5} BB 5
i SRR DAL

RS ANELL, KB, &, BIES Y, 1R X BRINES REES
(l.EHRL K FARALE TSR, SHEA 130118;
2P B #GE R LA F IR AR AR, B d T 5715335
3. ‘%?«ﬁ-*}““ﬂuﬁ%lﬁiii*ﬁm s EE AT 571533
AR CR T ERE TR RIS SRR E AR, EEH S T 571533)

=]

# EAMRRAAELZHEE T ARSI ERTEREH ST L EMF NG R R, AFRTEREREHE 60 C
T 4% B 2RI A - AR L o4, B A, B MR N e . ET AR, G2 T i
tﬂ%x%&m% FHATT R4, R AW, PSR AR EHMLE RS E, GREN 3945%; HAREE
HR B TIPSR G Z IR R R B PR, BEARAK KRR E RS 1520 um 3 K B BRI R IR A9
25.80 um, 2| BRI B R ITH - SR L A 09 81.90 pm; FAMER GG Ao NTEAK T AL T KA 699 ABRE F Ao
1EAE B A At iR = AR AT, RIPARBIG AR T 2R 5 AMBBL 5T A FF 18
AMAER; X-4H & ATt R Mt 28 AKX AR ERITH 69 23.52% 7 & 2 B 2R -SABm L o468
28.15%, BRI KR T 2 RH G HA LY, SRAEZRZLMIL, BHLE R A B BRI
PR A BRISE R E (P<0.05) Mik. TAL T RITH &AM, FHREG I N3 B T K69
m%%%&/,ﬁﬁiﬂ%iﬁFiTi%%%m %ﬁ&%%mm%zm%ﬂiﬁm%aAmgﬁﬁﬁ%mﬁo

KEA): AL, AL, S-SR LA, M, B4R
FRE 5 2E5:TS236.9 Yﬁﬂﬁﬂﬁ%;A X EHS:1002-0306(2023)06—0082—07

DOI: 10.13386/j.1ssn11002-0306.2022050354

Effects of Sub-gelatinization Heat Treatment on Functional Properties
of Corn Starch-Piperine Complex

ZHAO Kangyun"**, PIAO Chunhong"’, ZHANG Siwei***, WANG Jinmeng"***, QIN Yajuan™*, XU Fei***,
CHEN Xiaoai***, ZHANG Yanjun™*"

(1.College of Food Science and Engineering, Jilin Agricultural University, Changchun 130118, China;
2.Spice and Beverage Research Institute, Chinese Academy of Tropical Agricultural Sciences, Wanning 571533, China;
3.National Center of Important Tropical Crops Engineering and Technology Research, Wanning 571533, China;
4. Key Laboratory of Processing Suitability and Quality Control of the Special Tropical Crops of
Hainan Province, Wanning 571533, China)

Abstract: In order to explore the effect of piperine-corn starch complex on its structure and physicochemical properties at
sub-gelatinization temperature, corn starch was used in this study to prepare sub-gelatinized corn starch-piperine complexes

at 60 °C. Gelatinization viscometer, differential scanning calorimetry, fourier transform infrared spectroscopy and X-ray
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diffraction were used to characterize the complex. The results showed that piperine was successfully loaded on the sub-

gelatinized corn starch with the loading rate of 39.45%. The scanning electron microscope results showed that piperine was

successfully loaded in the swelled cracks of starch granules. The particle size increased from 15.20 um (natural corn starch)

to 25.80 um (sub-gelatinized corn starch) and 81.90 um (sub-gelatinized corn starch-piperine complex). The addition of

piperine reduced the peak viscosity and trough viscosity of the sub-gelatinized corn starch. No new group or chemical bond

was observed in the infrared spectrum of the complex while the addition of piperine enhanced the intramolecular and

intermolecular hydrogen bonding between corn starch and piperine. X-ray diffraction showed that the relative crystallinity

was increased from 23.52% (native corn starch) to 28.15% (sub-gelatinized corn starch-piperine complex) while the

crystalline structure of the corn starch was not changed during the sub-gelatinized treatment. Compared to the native corn

starch, the gelatinization enthalpy of the sub-gelatinized corn starch and the sub-gelatinized corn starch-piperine complex

significantly decreased. The addition of piperine showed little effect on the structure of the sub-gelatinized corn starch, but

it showed a significant impact on its physicochemical properties. This study would provide an important basis for the

interaction and complex mechanism between starch and piperine.
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Fig.2 SEM images (5000%) of natural corn starch (A. NCS),
sub-gelatinization corn starch (B. SCS) and sub-gelatinization
corn starch-piperine complexes (C. SCS-PIP) and granule size
distributions (D)

#1 NCS. SCS F1 SCS-PIP Hift /i

Table 1 Granule size distribution of NCS, SCS and SCS-PIP
K FK D[4,3](um) D[3,2](um) D(0.5)(um)  D(0.9)(um)
NCS 15.20+£0.10°  13.43+0.06° 15.23+0.58° 21.13+£0.21°¢
SCS 25.80+0.70°  19.30+0.30°  26.97+6.01° 42.50+1.30°

SCS-PIP  81.90+£2.90° 35.33+0.65" 47.50+1.45" 199.33+87.66"
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FURH ELA%; D(0.9) }90% 10k N T I ELAR s Rl — 1 h R [ A (22
FRE, P<0.05,

TEAR, FH B 0 1A B U P AR THATAE , eIk BE
BHAREE S B oK GE R B 445G, SEM HREH 31 9tk &
PR, MRS 75 X DE s PSR &s F t A se ), iE—
Him ot HAh FAE )y AR5
2.3 R

RARTATERY . WAL AR AN AL K
TER-BAME R A ) IR E LN 3 A3 2 B
SRk T K TE Y I W EDRY S . AR (ERG B | R ZORh L
I IRLRE FOIA IS TR] i 35 (P<0.05) i TR AR EKIE
0, A 249.33 cP FlEI A= {H 206.33 cP 5[4
IR (P<0.05) o ML FIORS) A Bk 18] B9 184 2 G My %
o XA AR, AL R 25 (P<0.05) #7512k

TERY I FERE M, O R TR A SR itk s e
DIAR A S WS e T N S p ) A =l =
THSURLAZ K AN LS DE YIS H A R GE A B (R AE B AR
PSR, 2 (EDRY E T Pl BE R A A B 5 BR ) T —
DT IIRRE S 75— T IUEFTTT, 42 RVA B4
SRR AR TR SIURE B4 BB TERS T HEAS , BBk
WTFE . I A BRI InATT ik 3 (P<0.05) B
(IR ARG B | ARERS JEE | e ZORG B v Ak ask1al, 1 i
AR AN ] AR (B S 35 (P<0.05) Fhi . — 7 HIE K S5
MBS A BRI T SE Ry R LA B K, TR EE S
WHARE Z (8] 531 (8] A1 531 P9 S B I RIS T 040
REEE ., 5—J7 T, FAR B AN S aERRTT LS AR AR
H AR, AHGEE H SCRETE R S MR Rl T A 4 A,
R T EHARER A I ARG KT S TE R 53 S A A As
[EIANZREL, S0 T S A0 Hoitr i B 2, 0 T 2 i) 381 W (R
FEUS 53X 5 Gelders 25U F5E 4 B AETE A 5 08 DT TR
MR TR PR B 33K, {05 Zhang 58P0 WFSTHE S
TN ES AE IR AV 5 SRR, 3 a4
YA, S5TEB A BEAE AN, R E AN el 2R
AR, S PR R iR BESHARRE AE R P, ST
K3 o FIE R S, (A AR A 0, T 50 Ee,
T A AR R AN AS [ BRI i, ] T SE s it
B ) EEH, ZAERG BE RGN, [RIAsE ]2 (B B U, HE
RVA NG R R, FER RIS 17 25 U8 i) BB T
RS, VR AN LR T B REVEAY . SRR SRR
JSLHIT ) L0 s - SH AR I 5 4 R B R T R - S AT
K YL L84

100 5 2000
90
4 1500
g% 5
= a0l 11000
60 1 1500
50 7”’/
fi - i L L L 1 L L | | O
0123456 728 910111213

Af I (min)
K13 NCS. SCS Fil SCS-PIP HifbA5t4: 2k
Fig.3 NCS, SCS and SCS-PIP pasting characteristics curves
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Table 2  Gelatinization characteristics of NCS, SCS and SCS-PIP

E WK Z (cP) BHEAGE (cP) JfR(E (cP) ARG (cP) [ AEAE (cP) BMEIREECC) WAk ] (min)

NCS 1555.33£16.17°  1306.00422.11°  249.33+6.81"  1512.33£22.28°  206.33+27.21 84.08+1.10" 5.49+0.03°

scs 1709.67+43.56°  1656.67+33.02"  53.00£13.75°  1806.33+37.53" 149.67+4.51° 87.67+0.99" 6.53%0.12°
SCS-PIP  1249.33+16.80°  1166.33+24.11°  128.00+7.55"°  1630.33+30.09" 464.00+6.00° 85.86+0.65" 6.10£0.17°

T [F—F R R B 22 5 2, P<0.05.
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Table 3 Thermal properties parameters of NCS,
SCS and SCS-PIP

ZFk T, (°0) T,(°C) T.(°C) AH(J/g)

NCS  65.65+0.53° 69.77£0.76° 75.51£0.44° 9.86+0.93* 11.11£0.12"

SCS  70.95+0.47° 72.24+0.91° 76.33+0.54° 5.38+0.19° 8.87+0.15"
SCS-PIP 72.56+0.52% 74.60+0.52" 77.87+£0.42° 5.31+0.32° 7.82+0.38°
T, IR TR T, VAR T, G5HORE; T -T,: WILIREE YL AH:
BEICKS s [ — 3 b BRI A {22 55 W 3, P<0.05,

TT,(°C)
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# 4 NCS. SCS 1 SCS-PIP 55 F24 M FIAR X 45 i

Table 4 Short-range ordering and relative crystallinity of NCS,
SCS and SCS-PIP

AHXF 25 S (%)
23.52+1.27°

CEs

g*ﬁ: R1052/1022
NCS 0.8120.07° A
SCS 0.85+0.11° 22.98+2.38" A
SCS-PIP 0.87+0.01° 28.1542.65° A
TE: Rygso/100 MERATEL1052711022 em™ b O 2 b [l — 51 vh EREAR
[FIA{E 25 57 3, P<0.05.

PR R GE R S A AL B, Tk /KA h SR A, B
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