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Abstract: Objective: To explore the effect of ellagic acid on the physicochemical properties of corn starch and assess the
mechanisms of its interaction and of the change in the digestive properties of the ellagic acid-corn starch complex. Methods:
First, the effects of ellagic acid on starch gelatinization viscosity, rheological properties, gelatinization heat properties, and
solubility expansion were analyzed using different levels of ellagic acid. The structure of the ellagic acid-corn starch
complex was characterized using Fourier transform infrared spectroscopy (FT-IR), X-ray diffraction (XRD), and nuclear
magnetic resonance spectroscopy (NMRS) to elucidate the interaction mechanism. The in vitro digestion index and enzyme
inhibition rate of the complex were analyzed to explore the mechanism of the change in the digestion characteristics of the
complex. Results: The addition of ellagic acid increased the peak viscosity of corn starch by 27.33% and promoted its short-
term retrogradation. In addition, the storage and loss moduli of corn starch decreased, loss factor was increased, and gel
structure of starch paste was weakened. Ellagic acid increased the gelatinization temperature of corn starch and the
gelatinization enthalpy decreased from 10.1 to 9.34 J/g. The solubility of corn starch was also increased from 6.86% to
9.65%. In addition, XRD showed that ellagic acid and corn starch did not form a V-type inclusion complex, whereas FTIR
showed that the peak near 3400 cm™' was red-shifted. In the NMR spectrum, the chemical shifts of OH-3, OH-2, and OH-6
moved to the high field, indicating that ellagic acid interacts with starch through non-covalent bonds, especially hydrogen
bonds. The resistant starch content in the complex increased from 54.83% to 67.39%, and ellagic acid exhibited significant
dose-dependent inhibition of a-glucosidase. However, no significant inhibitory effect on a-amylase was observed.
Conclusions: Ellagic acid significantly altered the physicochemical properties of corn starch, and hydrogen bonding was
identified as the primary interaction force between ellagic acid and corn starch. The change in the starch structure and
inhibitory ability of ellagic acid on a-glucosidase decreased the digestibility of the complex. This study contributes to a
deeper understanding of the mechanism of the interaction between ellagic acid and corn starch and the reduction of starch
digestibility. In addition, theoretical guidance is provided for the development of novel starch-based foods with a low
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glycemic index.
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Table 1 Effect of ellagic acid on the gelatinization characteristics of corn starch
BRAERRUE (%) PV(cP) TV(cP) BD(cP) FV(cP) SB(cP)
0 2745.67+£7.09 2180.33+34.24" 565.33+29.54¢ 2830.33+9.07° 650+41.04°
2 2836.67+11.85¢ 2173.33+62.13" 663.33+51.52° 2896.67+16.44" 723.33+46.52°
5 2952+21.38° 2133.33+57.14* 818.67+36.56 2963.33+26.63" 830+31.05°
10 3245.33+£37.1° 2119+31.8° 1126.33£5.51™ 3018+16.64" 899+16.09*
15 3496+122.2° 2153.33+99.08" 1342.67+23.18" 3015+88.71° 861.67+10.69®
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Fig.1 Effect of ellagic acid on the storage modulus (G'), loss
modulus (G") and loss tangent (tand) of corn starch
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S BRE TEGE R UKL 1T ) 22 Wy S5 LD I LB TE
s, BEAS T EAETER AR B Iz ior2
Wy SER T BRI NI G4, TEVER 73T Z A i Zs [H)
ASEBH, T PEVEARBEIRE P2 10 A= i

FEHE T (tand) FT/n G"S5 G'IY EL{HE, J2 &4
BRRE TP B EESEL. tand (A, DEIAA R AR
PEAT A o5 325, BRSPS EMA A RFAE s tans {H
R, DA FR AR PEAT R o 325, AR 2 AR R
WARIRFESS S W 1 R, INABRAEIR S, FES Y
tand BB BEAERR AN WTHG I misg n, X FEHIRE 5L BE
JEE P2 e g5 . 2L U T BRAERR AN, B4
FEAER > T HEEE DD, AR FAE RSN, Gx T
HE A KA BEAB R FNUE Ay Z 8] AR B AE FH BRI T B4
VEMY I, TR T 2% I B, DTG-S ORI A
55 X5 Gao GFP IR EE AR 2.
2.1.3  BRAERRXT B K TER IR 52 Ik
AR AATRE (To) « WIARIEAE IR B (Tp) A AL 2B kLR
(Te) FRIRVEM 3T 45 WAT 45 i 255 78 Ry JO P B
I AR IR AR AR L 5 IRIRVERIAR LL, AR
AETR e s PP TRLRE T, TR ARAS (ARD Bt 52
e P AE IR R B A 3 ImnT REEAIR (32 2), iX 5 Wang
AU WY EEAE M2 BT -VE M 5 S ) I UL B iy 2
SOFARL, HRHEARA TR TESS 18, X AT BeJe i THREAEIR
T4 SR OK PE-OH KA1 R] B <5 5 3 By ok 45 5 7E—
2, PN GER 45 il A I E TE RSB Z TRl kR & 1 &
AT AR, BAACRUE, BEAERR TP Y-OH 5 GER Y &
PR EAEHASE T DER S, SESE T HEETE N 1R
Y, IR AE R AN B K TERY Z (8] i 7K S0 JHT 53 AT,
PE TS M FER FURL T BRI AL AL FTCE TE XK &,
PEWTHE I AR EE el

PEHRIE, BITEIE(E (AH) FEEE T BUEE i1
IR, A RZE B R . BSIERAEIR s oK
VEKT AH TR R, RIITIORIALIURL PN 43— Rk g ussis Al
A BURTHE A 2%, DB U IMERAEIR Je A it RS 1
TR, X5 2.1.1 H BD 25 RAHMF S o Zheng MY AE
PR AT S TR SE . T AH B9 R RE, AT RS
PR R LD R AR 5 DERY R 2R T AH AR,
TEVERBYEEZ 8] | NS RE, 520 1 S8R 4 BUR

2 AR FOKTE BIPRS00
Table 2  Effect of ellagic acid on the gelatinization heat
characteristics of corn starch

BEAERRMCE (%) To(°C) Tp(°C) Te(C) AH(J/g)
0 66.19+0.14°  71.17+0.09° 77.32+0.18¢  10.1%0.1°
2 66.54+0.07% 71.28+0.24% 77.4+0.22¢ 10.05+0.04%
5 67+0.05¢  71.62+0.14* 77.85+0.12° 9.89+0.1°
10 67.28+0.13" 71.94+0.14" 78.41+0.19" 9.69+0.11°
15 68.13+0.13*  72.59+0.29° 79.79+0.16*  9.34:0.09

%EO: AL AR B2 5 Tp: M PCIAE(ELIL I s Te: WAL Z R ; AH: WML

TSk, I TR AN RE L BT R AE1 047

2.1.4 BRAVFRXT B K DEN I i B2 R K RE 1 5 i)
TERS I BE 1 2 W LR K R RE, T4 At 8 I o H
fRFREE . AR 3 AT, SRAERR VSN il 25 4 v T3
A A (P<0.05), XTI K AT 35 5
(P>0.05) o X ULHIERAERR AN FEZIEHE 00 T JE Ry
SR IS A TR, 0 2 ITEA ST HE ARSI
fRAEAK T, (EX R R AS B T K K RE VAT T
ERRE . — 7T, NG RR P R K TR A E TR
Py Rk 2 8] A4 AH A FH S oA AR s W R 7K T P A s
FRREE, MIMTEAGE LEM- /KA EAE, Sk FOKRTER =
WIEEHETE R AT . 53— 7, BRAEIR BLAT 5518
P, BEAEFR I ATER - 7KK ZR rh BRI R 1Y pH, iX
T BE SR K VE IV BE (B R TR K B R
EOAE, BT AR TR IR K P T A B R 22,
ST FER K = A A AR B AEF A LASE A oK GE
BRI AKEE . Ak, pH X K TEM OIS AR P A Y
et il BERE /N . Builders 25 IFSE 20, pH 1Y)
RAATC B2 1] LASRE N B AR UM VA2, (RO B 11
SEMAAR N

3 BB TR TEM A B N B ) R0
Table 3  Effect of ellagic acid on the solubility and swelling
degree of corn starch

BRACTR U (%) AR (%) NI BE (%)
0 6.86+0.27¢ 9.99:+0.24*
2 7.31£0.17¢ 10.02+0.23°
5 8.08+0.09° 10.1140.24°
10 8.66+0.15° 10.37+0.78°
15 9.65+0.3° 9.89+0.45"

2.2 EEYEMFRIE

2.2.1 X-BIERATHTENE AT PRiRAE, I S5tk
Gz Iara] ik P ARy =20 A A E S AR BAE A H—
SEIE R V BELAIAR S S ORI A A AT
s AR A R, AnE R O EAE Ak
KPR, SR T s B K TER R AR 2 M AE B A A
MR, YEAT T XRD M5BT . A5 aniE 2 iR,
TR E R TEBATE A BEAE 15.15°F10 23.05°F 154G P~
SERATHTIE, 17.15°F01 18.06° ML AT Sl 322388 i XX
U, FEIMH ML) A RIRTHFIEIREDO, ERAERRAENT ST
o 10.37°, 12.24°, 13.99°, 20.90°, 23.87°. 25.05°,
28.15°., 31.67° AN HGR AT . Kl 2 HA] DI
Y, AR FREIR T AT U IRAE TR FIAS S ITERAE
TR B E O B PR & i Xk, S80S AR TE AR L,
X SFERAT S0 B W BRI . T XRD JGig IR
IR 7°. 13°F0 20°4k V AR A Y EFIERTST
W, X TR BRI BRAE IR FNTE R AT 0T PN RIS 60 1
A, nTRE BT IR A BEAEFARSS &0 RTReEE
VERY N Z By A PR . BREIRATFE T~ LA AE
FUAS AR S5 T AH B AR R S K I B R A BB 5 5
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Fig.2 XRD patterns of natural corn starch, ellagic acid,
and ellagic acid-corn starch composites

TS o

40 45

V B EWIIERE . SR, AT H e A R L
AT 5 AR ANBE & vV B SR . B
FEFAETR 2 AR HA ¥R 3L, L S A T
BEIEAEIR STek Z A EAEFAIER B 1. R, B2
PR S B GEM IFARLL V BIALIAR S S YA7AE,
K n] e Rim i A BEAEFHIE s &9 -

222 HHEMLIANGIE ST S T RS TEEEAE
12 5 B KIER Z [H A BEAEF, #8id FTIR X & &)
PSR TP EEAEAT T 400, SRS AT O FR AR 3
& 3 AL, XTI EoKBEHRS, 3390 em ! Y Sl
1 2927 em™! B IS BT BT O-H {81 45 I 3h 4 A
CH HZaeshigl?, thoh, AR TE 1695 cm ' A2
C=0 HigEPE s, 1454~1614 cm ' 22X 1Y C=C
LG PR BN, 1111~1195 cm™' Y% = T C-0

1509
1702 1451 1110

CS+0%EA
v/-\/\/\\w/‘/v\«,\w
— .. N CS+2%EA
N30~ Ny P
Sl —_— - WCS+H5%EA
S [T - N~
% " \W JN&NJ:INO%EA
2| B8 — W [~
g ‘ S+HIS%EA
3383 i } MY
N\ 3379 1639

4000 35'00 3(2;00 25'00 20'00 15'00 10'00 S(I)O
WAL (em™)
K3 BRAERR SHRAERR-FRTER G FTIR DGk
Fig.3 FTIR spectra of ellagic acid and ellagic acid-corn
starch complex
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e, i i B S RO A Ry )| | N =R = L g 8] 18
SAREAT P LRI A0 BRAEIRIN Z2 ¥R L5, AT LA
5 E A TE R SR E R 45 G, TR R TR
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Table 4 Ratio of absorption peak height between
(1047/1022) cm ™" and (1022/995) cm™

¥ i Ryga7n1022 Ry0221995
CS+0%EA 0.0917 1.6842
CS+2%EA 0.1359 0.9238
CS+5%EA 0.149 0.86
CS+10%EA 0.1220 0.9248
CS+15%EA 0.1618 0.9401

2.2.3 'HNMR E&50r & 4 iR, @353 5K
IMFEAETR . B 1k K TEK (CSHO0%EA) FIEEAENR -
KIEME A (CS+10%EA) 19 HNMR Y&, vf LIZE
53 F 7K RS B KR TE B AR AL TR = 8] 9 AH B AE
Ho A6, 2407 %8 2.5 ppm 1 3.3 ppm &b
W4T F%F . T DMSO-d6 FIZK BIfE 515, ERAERRTE
10.79 ppm 1 10.50 ppm AbX 37 HE ¥ 5L 5T 0%, 7F
7.47 ppm AbXT IV AFAEFR AR IR I RFIENEDT . RAALTE RS
£ 5.3, 5.5 F1 4.5 ppm B4 2 AT I R+ OH-2,
OH-3 FI1 OH-6 [ J& M3 it F, T 5.1 1 3.1~3.6 ppm
FIAL A AL AT I R e Ry R H-1 55 A A H-2, H-3,
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Fig.5 Inhibitory effects of EA on a-glucosidase activities
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