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Abstract: Corn starch was modified by dry heat treatment combined with amino acids (aspartic acid and
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lysine) in the present research. Gelatinization, thermal, structural, and digestive properties of dry heat-treated
corn starch with different amount of amino acids were investigated by using Rapid Viscosity Analyser,
differential scanning calorimetry, and X-ray diffractometry. The results indicated that the amount of amino
acids showed significant effects on the physicochemical properties and digestive properties of dry
heat-treated corn starch-amino acid mixtures. With increasing the addition of amino acids, peak viscosity,
setback value, and gelatinization enthalpy of starch decreased, while relative crystallinity and resistant starch
content increased. Gelatinization temperature of dry heat-treated corn starch-aspartic acid mixtures showed a
tendency to increase first and then decrease with increasing the amount of aspartic acid. However,
gelatinization temperature of dry heat-treated corn starch-lysine mixtures increased with increasing the
amount of lysine. Increasing the amount of amino acids also promoted a tighter and more ordered crystal
arrangement inside starch granules, which could inhibit the short-term retrogradation and reduce the
digestibility of starch. This study can be used as a new method for corn starch modification and provide a
reference for the production of modified starch.

Key words: lysine; aspartic acid; corn starch; dry-heat treatment; physicochemical properties; digestive
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VERE AR —Fh R UL RIR 20, R A
RE RO E P EZORIR , i Tk 2™
R FORIER R R . SRIETZ A
IARAKEE, B Tl h R sR R, 24 5 TEm B
Y 80%, (Hih TIHAEML ., e 2ms %1k
R, HORABR A T R Tl g P,
i A2 E B R S R A TR, T DA
RSN, B TIRE, S G SR
K

TR FR R TE R TE S K AL (<20% ) %%
PR TR IRAL R (120~200 °C ) A—FhiBR Bk
Tk, REMSUUE RER Y BIALE R, 5 Ay
AL, THACHEERAER R 2, ITHERMIRAL
T AKME TUEM 58 FICANRA I, ik 58t
TER IR EERIRRE M, IR AR, AT i
BB, Li SR TR PR i
JE RV I T FORVENT , RE & T TR 13 ga
EVEMBT IR ENE, Wang 51015 I Pk B B3 ]
Y BE RN BEREE (IR TE R A (L 280 B FR AL TR S, 47l
TR L. Gul SRR & PR H LT 4 %
BRI R AN T ) T AL B 2 e Ry A T
RERFEARVE A A A RO AR, 320 T TER X /K Al
ENEER= i

IR — A LRI B LAY,
RPN EAL I, EAREFAERE

EELAEH . AR AR RN AR, s
MR P, EIERRE AR E SR T
ZHATES TS, S MFead, I
SR IR e STE b R 5L A R A AR EAE A,
RS TE Rk T v I BE 1 0 il ke
AR AN, EA RS K PE B AR RS TR
A FRAERAR TR ALIR ) DR FRA T, 23
FR VN 02 R A A R RE A3 T K TR A i T4
E S LR P ] T A Ak BT 6 K b 1 T2 Ml ) 4k
TR o AR 1 FeF5T 1 A B B R ]
X K VE K - IR IR & W B BT S Ak fig
YR, KL 130 °CTHVbEE 2 h s i w2,
(AR 78 24 FE R N B X6 T A4k 3 K e - 3
FRIE B AL S AL R PR R 52

ARSI R U R E R 22 R, 5 oK
TERNRA G AT T AT, S PR 35 BE T 13
RPN X RS, REFR TR
FEFR VR I X A T KV K- LR TR & A Ak Ay
P PR SRR R LR R, DAY
FRTER MR A —Fh BT 0k, Rl A5 KT fhok
R TR TE A AR S S R
1 #MRER=Z
1.1 ##E5RF

#1 %R (Lysine, Lys) FIRAZBR ( Aspartic
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acid, Asp): dUEEIEFAEVRHLARAR; £k
ek (CS, HEEFEM SN 262%): IIZREM 4
WETKTIF A IR a-JEMlE (1.3x10° Ulg) Al
TEM AR IE(1x10° Ulg): IR EYRHA
BRNHED; TUREE . 3,5- H3/KAgRR . Tk LB
WS T
1.2 F5iEF

4D AP RS AT A (RVA ): K
Newport BH2#AF]; DSC-1 B Z R A B L. i
1 Metter-Toledo [HF5/\ 7] ; D8-ADVANCED X 4f
LRATEMN . 18 A e AXS A BRZA 7] ; DHG-070A
RIBEAR . IR 2 i A A R A ]
1.3 EWAH*E
1.3.1  FES A

5 Asp 5% Lys 2380 T 50 mL Z&18/K , FHRE 11
FEES IS4, 10 min, 145 0.5%. 2% . 4%7F1 10%
(wiw, TERTHT ) BRI Fr CS (T3%)
SYELCT Asp 3 Lys IS A i85, T 40 °C
TSR 0% FHIEM-ZIRRIESY
B RCR A, BT 130 °CT#4bHE (DHT ) 2 h /5,
WEEE . o 100 Hifi. FRKIEM- KD EKTE
F-H R T IR G953 %1 DCSA #l DCSL %,
FES AL BRI FIRE i A RN R 1 R

R1 EMERELE

Table 1 Treatments for dried cornstarch g
Fefh WM Asp  Lys | KSR JEX  Asp Lys
DCSA0.5 49.75 0.25 — || DCSL0.5 49.75 - 0.25
DCSA2  49.00 1.00 — | DCSL2 49.00 - 1.00
DCSA4  48.00 2.00 — | DCSL4 48.00 - 2.00
DCSA10 45.00 5.00 — | DCSL10 45.00 - 5.00

1.3.2 WIRRHE R I

S8 Wang SO0k, RO R /341X
DU ERE AL R AR, MERRARE 3 g JEMEER (T
5L M 25 mL ZEK THREET, piHRS)E, BT
Fin 3 AT o MR AN R« B 5ELL 960 t/min
BEFE 10s, SRJGFEZE 160 r/min JFA5 2 S04
WIHATRE 50 °CA%4E 1 min, DL 12 °C/min i E
95 °C, IH4HF 2.5 min, FLL 12 °C/min BHE
50 °CIFPOREF 2 min, ICSRFEMBUMIMLIREE (PT ).
WE(EFEEE (PV ), {H (BD) FMIEAEME (SB),

1.3.3  HRpMERG I E
FHZE R B ( DSC ) ZMTRE i B PR
T4, DSC I TACHE . SR)G HERRFRIL 3 mg JE
RS (F32) 59l 7K, BRI,
s % 5TE 25 °C R F#i/K 53 12 h, A DSC i
FRE , 25 FUARSHTIAPE it IR U< 50 mL/min,
FHEHA 10 °C/min, JREVER 30~115 °C, id%
FHR AR TR S ) 22 28 T, (IR IR TR ).
T, CHIALIE(ERLEE ). T OMIfEZERIREE ) AT AH (OB
TRRS1H o
1.3.4 X SFEATH I
Z MR Jiang Mgk, RERVE 25 °C. HIXNHE
J 100% R P-4 24 ho FH X SR ATEHOGRE
A ARSI T8, R 0.1°/s, HHX
5 4~40°, HERHL RFNHLT S 0028 40 kV Fl 40 mA,
5% X AT T, JF M Jade 5.0 THECRE S AR
X (RC ). RC E R4 fb I R TR
BRI E 4L
1.3.5  JHARSPE R I E
2% Englyst s, HERIFREL 200 mg
TEMFEMA 6.25 mg JIURKE, ZrHCT 5 mL #5MRSE
WA (0.2 mol/L, pH 5.2), FFIRJE S min, fIA
SAEAEN S mm BUBEEEER, T 37 °C/KIBFRIE 10
min, JIA 2.5 mL IR GRHA (290 U/mL (1) o-7E
¥y A 100 U/mL WTER S0 H G ), T 37 °CHk
P/K (160 r/min ) [V, 43515 20 min A1 120 min
i, HUE 1 mL KM, PREIMA 9 mL LBF
(66%, v/v NEA AT KR, 4 500 r/min Z5.0> 10 min
JG, R 3,5- AN HEAK IR E b A b
i, FEMTPIREUELTER (RDS ). 1BIHLTER
(RDS ) HHLIHALTERS (RS) M TR
K5
RDS(%)=(G0-FG) x 0.9 x 100/TS
SDS(%)=(G120-Gao) X 0.9 x 100/TS
RS(%)=[TS—(RDS+SDS)]/TS
1 Goo-f# 20 min S5 BRI AT S
(mg);
G-l 120 min J&5 BRI EIZ B & & (mg );
TS- it 7K fiff A BT VE 53 v 0 225 104 ) 2 W 7 1k
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(mg);
0.9- I 2 Wi Ak SR JC /K8 2 1) JBE IR o i o
14 HIESH

Rt 2= AP0 3 Wk, BCFISE.
SPSS 20.0 4r#r# {4 H Duncan’s £ = [ ik
(P<0.05) AT ZHMEA M 253 840,
Origin 9.0 #ATHISCKI R A2

2 ZERS59H

2.1 RS

1 2 FT7R, Asp il Lys B HEEXT T4 11
B PT ST, B Asp VIR IHEZ2
THIER PT 2AETHEMRERARIES, Asp I
il 4%I, PT ikBlEKRME, S 74.0 °C. ikl
A Lys Wi RIS 2, JEMRY PT 2R S, Lys
W 10% 0}, PT IkFIEAY, 75 °C. BEHR

SERR S IR (3841, DCSA Fi1 DCSL 1) PV HJFEAIK.,
U 0.5% 2 LM T HRIERHH L, DCSA10 Fil
DCSL10 1 PV 43 5I|F%AIK T 878 ¢P #il 1 141 P,
FERMHEAT A E LN PHE T 28, miBThiA R
JERVEZHE, A ST & BRI PR 22 W52 1 S A0 g L
PERT . Zhou 2V K BB 2 BT HE AT E A5
B, P EKRTER ) PV 2 FRIGEH, X AT
A T AL BRRERE IR FORTER 70Tl 25, et
RILTR 5> T L &L FREL 5 Ve 73 T 1R SE A
B AR EAER, 0T IER 5K s AR AR
FI, BHAE TR BB AR R FIIAL, 6 PT TP,
Asp TP EAPIANREE, B8, Asp BN
B, ATRES T R ek T RK A, S8
FERS I PT F1 PV AT 1, b, Lys 1 Asp %
A RESFKIEA, SKZ e SEEE,
TR, T3PV R,

R2 FREREM-SERESWHMMLEE

Table 2 Pasting parameters of dried cornstarch-amino acid mixtures

B PT/°C PV/cP BD/cP SB/cP R PT/°C PV/cP BD/cP SB/cP
DCSA0.5 73.1+0.0° 30361° 2013+3° 548+21° | DCSLO.5  73.8+0.1° 4836£20° 2 437+5° 1923+12%
DCSA2 73.2+0.1° 2 758+29° 1927+44*  436+25° | DCSL2 74.1£0.2° 449115 2532+43° 1 846+21°
DCSA4 74.0+0.0° 2 633+25° 1759+30°  422+5° DCSL4 74.3£0.6"  4246x42°  2480+£52™ 1 872+46"
DCSAI10 73.1£0.5° 2158423 1512+62°  329+16° | DCSLI10 75.040.3° 3695+1¢ 2 175+8¢ 1581+22¢

e s, NEFREARSRRZESR R (P<0.05), MAFFZERARE (P>0.05).
Note: Different lower case letters in the same column indicated the mean values were significantly different (P<0.05). Same lower case in the
same column indicated the mean values were insignificantly different (P>0.05).

W& Asp WSINEAIIEZ , JERY BD (AT,
Asp HIIEH 10%0F, DCSAL0 %) BD {Ef%, K
1 512 cP, AU Asp BEFE R Ve M I FAER e
AR EYE. 24 Lys BSINE<4%t, BE Lys I8
hpEE R, TERY Y BD (BB B2 ; T4 Lys
I >4%K, B Lys WS Inat i , JEk i) BD
(BB ERRAR, RWISEm Lys TSI BESL S e ph]
AR EME ., Tto VUL IEES Lys B
B L, DA IR BD (MRS, BD
FRAR P B2 T HRAL BEBEIR T K V€ M 43 ] ) &L
i, RIS T ESERVRIL 5Tk Kk A TR
PCBS ANSERIER N, MRS T ek iRa e v,

B4 Asp A Lys i i3 hn, JeHi SB {H
BAGE, LRSS Asp Il Lys it , BEHIHI
THIER I E A, X TR THad R, 23k

2 () PR S AN VE A R R 2 [T F i i, BELRS 1 A
TRV EHERTE AL, Rk SB {ERFENY,
22 WEFHESHR

To Ml To FRVER T I N 45 i e e 25
An AR IR FE | T, 2R VM T 40245 it R P iR
FEUT W3 3 Bk, Bl Asp BRINERAYIEZ, 24 Asp
TSR T 4%H0F, JTEMIN To. T,. T 2FHE
g 1M Asp BINEE T 4%H), JERMIAY T,. T,.
T. A 25, 4 Asp ISINFEH 4%, DCSA [ T,
Tp. T ikFEAME, 43014 64.10 °C. 69.48 °C,
74.96 °C, {H4 Asp BRI E] 10%0F, THAIEH
) Ton Tpo T AMETEIRIL, RUHER Asp BN
A i T EORTER AR P, (0 Asp RN dt it &
S ECT I E K TER AR E MRS B Lys 70
HIHEZ, I T,. T,. T.ZE#THE, 24 Lys
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Table 3 Thermal properties parameters of dried cornstarch-amino acid mixtures

FE T,/°C T,/°C T./°C AH/(J/g) R T,/°C T,/°C TJ/°C AH/(J/g)
DCSA0.5 62.79+0.46°  68.28+0.45° 73.79+0.69° 11.02+0.97° DCSL0.5 64.38+0.07°  69.69+0.09°  74.89+0.34° 11.35+0.14°
DCSA2  63.13£0.18"  68.68+£0.14°  73.90£0.39"°  9.19+0.08"° DCSL2  64.74+0.11"  70.23+0.01" 75.58£0.06" 11.56+0.24"
DCSA4  64.10£0.50°  69.48+0.51°  74.96+0.74°  9.20+0.02° DCSL4 65.16+0.18"  70.76+0.03°  75.91+0.17°  11.42+0.22"
DCSAL0  63.84+0.01° 69.11£0.13® 74.61£0.01*  8.66+0.15° DCSLI0  66.50£0.47°  72.50+0.60°  77.88+0.83* 11.42+0.14°

e s, NEFREARSRRZESR R (P<0.05), MAFFZERARE (P>0.05).
Note: Different lower case letters in the same column indicated the mean values were significantly different (P<0.05). Same lower case in the
same column indicated the mean values were insignificantly different (P>0.05).

WINEA 10%Hf, DCSL 1Y To. Tp. ToikFlHK,
AR 66.50 °C. 72.50 °C. 77.88 °C, PiHHHEE
Lys 78 g #2130 B T K T Ry A0 45 e
PR, SEZE T T HIERIIRITL

Li R BREE HCL W RGN, @b 3
TATEMIY To. Ty ToIHE. Ji VLB Lys i
Asp WIRERE SR ERIEM A To. Tp. Teo Chen
SEPVE IR Lys 71 Asp SRS 55 S B HERY T, T,
Teo X AR RSN IG 2, Gefedt Tl
PR IR 5 UEM 77 1 ACHE, SERIER 43T =2 [A]
R AR AR, 4255 Ty, T,. T Wi Asp MR
PRI, Y4 Asp BINEKFEA (10% ), TH#ub
FRG R P AR S TG VR TORL ) T B X, 33
To. Ty ToFEAED,

B Asp BRINEIIE 2, TERBING AH FRIG;
Mk Lys WA 2, FHRTER I AH A7
B8, Zhou R IEE TR SR a2 B
B, WA FORTER Y AH 2 IR
AH FEAR AT RESE 59 MR YE Asp RUFELE, REMEHE TPt
FRXTIE M 25 i X AR, A BB e o e A ks 1) JC

FE XU BRARTE R IO G E T X AT, Ao
s T B g O
2.3 X SIEITSEIE S

f P 1 %1, DCSA F1 DCSL 7E 260 & 15°F1
23°KMAIRIG, 7 17°F0 18°4bA XU, 20°7: 45 AE1E
TSI, 2 A BUZESLEERRAIE . 2000 /M
AT BN TR i 5 2 W A AT i 0,
W& Lys USINE I 22, TERMINY X AT SR IA0 oK
KA, BAEIRAIN Lys (¥ i Xt DCSL 45 i
GERERIA R  NREE Asp IR £,
DCSA Flgh Sha5 2 A5 e 4s, {H DCSA2.,
DCSA4 F1 DCSA10 7£ 26 4y 11.7°F11 23.7° H B i,
B P AT e S ANIR Asp SR RIAELEA ML i
SEUOVL I CS-Lys T A0 5 AR Tk
FARDL, BB A FIZE S A Ji S50 s R
U Asp J5 B ERIEMTE 20 S 11.7°F1 23.7°H B
B, 1T Lys AU IIBCA 2 FOKTE R BATT ST o7
B, WA R BUR AT

W& 1 s, DCSA il DCSL ) RC {ELFfi % 3
PR UN I 3 N i 2 . DCSA10 F DCSL10 Y

4 12 20 28 36
20/(°)

12 20 28 36
200(°)

1 FREREN-SEBRBESWH X SETHEEREANERE
Fig.1 X-ray diffraction patterns and relatively crystallinity of dried cornstarch-amino acid mixtures
A TRERER-RLARBGY; B: THREKER-BERIES

A): dried cornstarch-aspartic acid mixtures; B): dried cornstarch-lysine mixtures
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RC 553510 29.0%F1 25.7%, AR ) DCSA0.5
1 DCSLO.5 A RC (TS 8.7%701 6.1% . Liang %"
KB Asp DHFEIFGRACFRAE 0 1 FORTER Y RC
{# . Gonzalez 252V % IR T b PR AE i 35 42 /N A TE
¥ RC {H. Primo-Martin 25221 % Bl/INZ Ve MY 42
AR AL S, O RC (R T %, XTReRET
PR B RE A, AR AR AR (5 S A R P A
ARSI B A,

2.4 HWHERSH

IR 4 WA, BEE BRI INE N2,

DCSA F1 DCSL f RDS & &AL,
DCSA10 F1 DCSL10 Ay RDS . DCSA0.5 i
DCSLO0.5 75K 12.3%F1 4.3%., Bl 2 5L/ %

W%, DCSA FIl DCSL Y RS &2 7H i,
I DCSA10 F1 DCSL10 () RS Lt DCSAO0.5
DCSLO0.5 [ RS 23515 9.2%1 3.5% . 4 &L TR
IR T 2%0F, DCSA 1 DCSL # SDS B2
FER VS i B3 2200 . YRR N i
2%, DCSA 1y SDS & # 2k 27.14%, Lt DCSAO0.5
f) SDS {H 1 2.65%,DCSL ) SDS & 1 4 32.83%,
Lt DCSLO.5 19 SDS fE. = 1.21%; 17 24 2 ZE R AN
W T 2%, e AR N X DCSA M
DCSL 111 SDS & A & 50 . i BT At i
Frh, FAERT NS 2L T SDS il RS 1E
Ao R VR 0 H PR 38 i e T HATE R A PR
Ak, 0] A 1 R T R o

x4 FHREKREH-SEEK RDS, SDS FIRS KA E

Table 4 Contents of RDS, SDS and RS in dried cornstarch-amino acid mixtures %
R RDS SDS RS FE RDS SDS RS
DCSA0.5 41.612£0.41° 24.49+0.33" 33.900.08° DCSL0.5 41.56£0.49° 31.62+0.33° 26.82+0.16"
DCSA2 32.59+0.16° 27.14+0.00° 40.28+0.16° DCSL2 40.35+0.08" 32.83+0.08" 26.8240.16°
DCSA4 32.01£0.16" 27.3120.41° 40.68+0.57° DCSL4 40.00+0.08° 32.89+0.16" 27.11£0.24°
DCSAL0 29.31:£0.08° 27.60+0.16° 43.09+0.24° DCSL10 37.24+0.08° 32.43+0.16® 30.33+0.08"

e s, NEFEEARSRRZESR B (P<0.05), MAFFZERARE (P>0.05).
Note: Different lower case letters in the same column indicated the mean values were significantly different (P<0.05). Same lower case in the
same column indicated the mean values were insignificantly different (P>0.05).

Ji ZEVR I Asp Fil Lys REFEAIR I E K TEN
RDS fH , #& =B E K TER Y SDS {EF1 RS A . Zhou
SEIVG IR A 6 IR IR IR EE B, A 7
TER) RDS ZFEALA#F, SDS Fl RS A S
1, Chen 25 % HUBEZ HE BRI A3 0, TR
JERY) RDS ZFEALAEEE:, SDS Al RD 2T+ 1t
v, A3 RDS [ . SDS HI RS {8 715 ] g2 7E
TG R FORTER PRI S J IR R IL
151 2a e A A 1 7 - A X | O | 3 A2
SR 2 TR BE, I T R TR K A

3 it

SRR B ISR I E R TE R = SRR
Py B TORTE AR oA 3 R R R RAR
P SR 2 TS T BE A RS MM (W (B E L o2
{ERI RS B 3R] REJE T I Bl A h SRR Y
RIETER LR Z [B]IE RS, BHLASJEA 2018
SHERIE I, M ITHIERITER e A . $R a2

T 5 TN 2k AR T2 A9 400 100 R X 4 B O
B, FERTER I ILRE ), (FHOREE T HATE
2SS, K] B S AR AR T HATE M Y
TR AR IRHES I B L AT R

P RAERR (Asp) IINEL, FOKTEM AR
R (PT) 2Tt )5 BN aHy; i
iR (Lys) WSiNs:, FoRIEMD PT BEF . =i
Jindt Asp Fl Lys (~10% ) P18 i 25 52 i e bl (1) 44
FOE PRI YIRS e P o S R R I 2 AR A B+
AL O] Oy ] 508 T AL T R R SRS A

SEZ WK
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