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Abstract: In this work, corn starch was used as model material and the effects of amino acids on its morphology structure and phase
transformations were systematically studied with a combination of traditional characterization techniques and molecular dynamics simulation.
The results showed that the pH values were significantly changed from 7.13 to 3.27 and 9.72 by addition of acid glutamic acid and alkaline
lysine, respectively. The amorphous areas of starch granules were damaged when treated by the strong acidic or alkaline condition of non-neutral
amino acid solutions, which resulted in the rougher granule appearance and an increased in relatively crystalline content. In the blending system
of amino acid/starch, the hydrogen bond interactions between starch molecules and amino acid molecules were gradually enhanced with an
increased content of amino acid. The gelatinization of starch was inhibited by three amino acids at different contents. The peak gelatinization
temperature of starch was increased by 3.71 ‘C, 6.00 C and 5.58 “C by 10% glycine, lysine and glutamate, respectively. Moreover, molecular
dynamics simulation showed that the number of water molecules interacting with starch molecules through hydrogen bonding was reduced by
amino acid molecules via affecting the distribution of water molecules around starch molecules, which induced a more stable structure of starch
and further inhibited starch swelling and gelatinization.
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Fig.1 An illustration of swelling capacity measurement by Canny edge detection together with mathematical morphology operation
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Table 1 Effects of amino acid type and content on pH value of
starch/amino acid system

Contents/%  pH (Gly) pH (Glu) pH (Lys)
0 7.13+0.02°  7.13£0.02°  7.13+0.02¢
3 6.90+0.01° 5.47+0.01° 9.12+0.01°
6 6.6240.04°  4.67+0.02° 9.37+0.03°
10 6.39+0.01°  4.01+0.05%  9.53+0.06*
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22 BB AR KA & xR BURL T AR B

®

RIETR IR I 25 e SR S 2 A A
FIFIESI . P 4 FoR, TR B R N —
A Z A, RARNT 5~20 um Z (8. DEEH
FORLER R AT BRI /INFL, X LR B TRV R & kit
FEr A SR BRI S 2 it R SR 7 1 (X
R FEIAN R 2O FRARAL, TSSO
FNBE RS RIA VI pH BRI 5 .

MEERFTTUEH, NEREEARINE (0~20%)
(1 H P R R R R R T RS o R B 5, 1X
FEEH T HERBINEX AR pH EmWAK, B
HEHNINEIRE S 20%, RRVIRIFRME, AL
B, BRI M A AN S X ROk 45 40 R AR RS e
R Y TR (A R R A R
FUBEE IR AR, X SOk A T30 2 B AR
VERT, MHRIMERT 10%)5, ek Bk fE w2
HRS, FLAKGR, HARERMA R B0 R H P 2
M. CAWTFR, TR MU A B R I BRI I TR
WIS, HIow RS2 A AR, IS ECER R

131



MR BRI

Modern Food Science and Technology

2022, Vol.38, No.2

LB 2 FLE AU, AR, N
(>10% ) FRIAE P P SRR e 7 28 IR A= W
R, BURLTCE A E R A FIRE R, BRI
SR AR . Ti S OHER SO IR R SRR
X FARTETH LTINS, AR AC LR KTER
R T A o

Gly Lys Glu

10%

20%

El 4 ZAEIREHRE . BiER KA SERCIREHEM IR

i
Fig.4 SEM of starch granules treated by glycine, lysine and
glutamic acid with different contents

23 AEBM KA 0B X L B A

®

i AR BN X S AT G T T WA 4
LR TR IV SR ORI O BR S S5 M PE D IR
RS T 2 EILHEMTA SR T2 X LT
SR ASC U RT 3 2R AU A5y 45 it 45 ) ) SIS RS AR o 45 o
FEo B 5 BoRRAERIRFM T (30 C) AR
HER. BERRMA 2R AL S R ot RISt
B BoKETEm B RIS M B s+ &
IR FE R =R E SRR S, SRR et
BAYRAM, RUHIR TR R TR O~
W e R Bk AR, X5 i I T R [
I, XORHERATHRAC BT 45 R R W SR VN I S A

132

FFFER S AT B . W 6 B, ek
FE 15717 18 F 23 “Ab oA — AN SR AOAT I RR AR,
FEULAY Y A RLEE AT B . SRR I = Fh R 2
RS , KGN A VR AEAT SFHIE3E G 1 AR 1k,
Wt I LR AN R 1) AR 2 R 2R AR

SR BEE R BRI AR, AR A E R
(RIAEXT S5 S b 2 KA. WK 2 R, BEEDR
PEA R BRI ER I S E BRI LB, AbFR 5 e kA
XA T, YRR BRI IR L IAE] 20%
W, AXTEE R BITEE T 1.00%H1 1.96%, 1A
WL b R R R S R RS K. AR, R
kIR R 2 FP I M 4 0 B PR T v AT R R
TR IR (SRS R . TERRARALEE A, ek
SE R X S Sk TG S EOLEE BT, Chen
2G5 7 R SR - S B R RO, R IR
T 10% RIS R A S R A &5 i FE 3R R T 1.69%
R LT 25 T 2 P (IR 55k (45 2
xR, LIk B Hgh e ToRER 1 A 1Y
gh AR ONRAEY, EIERR N T A SN A
SERrR, DRI A R o 435 8 PR R S B I

Gly Lys Glu

3%

6%

10%

15%

20%

& 5 EMENETEIRE R, faiRma st EErR
K+FE
Fig.5 Starch granules modified by glycine, lysine and glutamic acid
with different contents observed microscopy using polar light



MR BRI

Modern Food Science and Technology

2022, Vol.38, No.2

10% Gl

2 [3%Glu

E o
3% L e A s i,
20%
10%
0 1 1 1 1 1 ]

5 10 15 20 25 30 35 40
20/°
E 6 ETEIREHEE . MEi R AN IEETEMER X 5
LATHTERE

Fig.6 X-ray diffraction patterns of starch samples treated by
glycine, lysine and glutamic acid with different contents
*® 2 ETNEIREHEE . HIEBRANSSECIE G maTHE
LR
Table 2 Relative crystallinity of starch samples treated by
glycine, lysine and glutamic acid with different contents

Sample Content/%  Relative crystallinity/%

S 0 24.32+0.21
3 24.33+0.22

S-Gly 10 24.37+0.40
20 24.65+0.11

3 23.93+0.22

S-Lys 10 24.76+0.31
20 25.3240.30

3 24.47+0.42

S-Glu 10 25.66+0.24
20 26.28+0.21
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and glutamic acid with different contents

JE: a: S-Gly; b: S-Lys; c: S-Glu.
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Table 3 Effects of glycine, lysine and glutamic acid with
different contents on the Rygus/100, Values of starch

Sample Content/%  Rjusion

S 0 0.87

3 0.84

S-Gly 10 0.76
20 0.69

3 0.79

S-Lys 10 0.68
20 0.62

3 0.78

S-Glu 10 0.66
20 0.59
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contents on the swelling capacity of starch
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*4 TEIREHSERE. MERNERERINEMHCETS RN
Table 4 Effects of glycine, lysine and glutamic acid with different contents on the gelatinization characteristics of starch

Sample  Content/% T,)C T)C T./C AH/(J/g)
0 63.0120.04° 67.74£0.11° 73.39+0.46° 12.96+0.63"
3 63.44+0.38° 67.86+0.06° 73.7240.39° 12.87+0.64°
S.Gly 66.81+0.18° 70.26+0.10° 75.76+0.54° 11.64+0.34°
10 69.24+0.38" 71.45£0.07" 76.37+0.27" 12.83+0.27°
15 63.500.04° 68.44+0.14° 75.56+0.21° 12.91+0.21°
20 63.43+0.01° 68.18+0.09 75.2940.16" 14.000.03
0 63.01+0.04¢ 67.74+0.11° 74.39+0.46° 12.96+0.63°
3 64.80+0.59° 69.05+0.08° 75.70£0.30° 12.10+0.36°
6 66.17+0.02° 70.96+0.02° 76.30+0.08° 13.08+1.06°
Shys 10 69.63+0.04* 73.74+0.24" 77.95+0.13 13.99+1.10
15 65.02+0.28° 70.710.03° 77.20+0.04* 14.27+1.49°
20 65.06:0.03° 70.64+0.30 77.7120.15" 16.39+0.06"
0 63.010.04° 67.74+0.11¢ 74.39+0.46° 12.96+0.63°
3 64.50+0.02° 69.08+0.14° 75.43+0.47 12.5140.52°
6 66.59+0.03° 70.95+0.02° 76.1740.06° 13.21+0.68°
SGlu 10 69.87+0.25" 73.3240.15" 77.79+0.10° 13.91+0.79"
15 63.93+0.09¢ 69.19+0.09° 76.03+0.09° 14.78+0.75°
20 64.81+0.22° 69.17+0.22° 76.00+0.37" 16.16+0.58"
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x5 FRKREH SRR R HHERE S BT

Table 5 Effects of glycine acid with different contents on the Brabender viscosity characters of starch

Content/% PT/C PV(BU) TV(BU) FV(BU) BD(BU) SB(BU)
0 71.8241.41¢  223.344850°  177.03+8.09° 290.46+10.03°  46.35+2.51°  113.43+2.10°
3 7242+1.08%  225.13+11.59°  185.3447.15°  299.74+4.51°  39.89+4.02°  114.46+3.15°
6 73.97+0.95°  174.02+48.70°  153.32+5.16°  206.78£10.02°  20.75+3.71°  53.40+0.96"
10 77.83+0.70°  145.53+12.61% 139.08+4.36° 184.16+13.75*  6.53+2.81°  45.17+2.10°
15 7537£0.57°  123.90+48.28°  120.25+6.75° 162.33+11.06°  3.74+1.46°  42.12+1.05°
20 74.61£0.85%  125.81£10.51°  121.16£1.98°  1543+14.05°  4.74+0.54°  33.21+1.45

*® 6 FREIRE BRI M RUHERE S BRI

Table 6 Effects of lysine acid with different contents on the Brabender viscosity characters of starch

Content/% PT/C PV(BU) TV(BU) FV(BU) BD(BU) SB(BU)
0 71.82+41.41°  223.34+8.50°  177.03+8.09°  290.46+10.03*  46.35+2.51°  113.43+2.10°
3 7481£1.12%  194.35+5.85°  143.73+6.02°  232.15£10.50°  50.63+1.81°  88.44+4.03°
6 75.10£1.46™  173.56+4.95°  127.39+935°  22433£1597°  4629+130°  97.06+5.01°
10 78.75+2.11°  122.78+12.30° 120.25412.2°  154.1846.85°  2.56+0.46°  33.95+1.47°
15 7435+130°  103.43+7.34° 96514545  132.98+12.11°  6.97+0.70°  36.43+6.80°
20 73.93£0.90°  102.16+£11.03°  8840+9.65°  131.35£7.85°  13.73+129°  42.92+4.02°

R 7 FRIREASERXEMTRUHERE S B0

Table 7 Effects of glutamic acid with different contents on the Brabender viscosity characters of starch

Content/% PT/C PV(BU) TV(BU) FV(BU) BD(BU) SB(BU)
0 71.8241.41¢  223344850°  177.0348.09°  290.46+10.03"  46.35+2.51*  113.43+2.10°
3 7526075 192.08£6.75° 144444998  229.33+879°  47.63+121°  84.93+127°
6 75.94+0.95°  159.13+4.95°  142.84+6.91°  191.10£9.50°  16.31+2.11°  48.32+0.67°
10 81.88+0.70°  109.59+12.30°  9536+525°  128.35£9.01°  1421+2.32°  33.01+1.13¢
15 7930+0.57°  91.65+7.34°  78.65£9.37°  109.61£13.03° 13.09£0.94°  31.01+0.43¢
20 78.64+£0.85°  82.47+11.03°  71.04+7.78°  99.32+12.15°  11.40+£1.22°  28.39+0.85¢
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Table 8 Hydrogen bond number and Interactional energy between different molecules in glycine, lysine and glutamic acid solutions with

different contents

Hydrogen bond number Interaction energy/(kJ/mol)
Sample S-S S-W S-AA AA-W S-wW S-AA
0 9.00 125.00 - - -3782.81 -
40 Gly 9.65 121.53 3.65 14856  -3663.34  -237.82
40 Lys 1028 11458 7.61 199.33  -342041  -479.44
40Glu 1085 107.76 9.45 22473 -321530  -654.59
80Gly 10.14 11227 6.14 290.08  -3372.98  -204.44
80 Lys 1030 10591 12.35 38222  -312259  -509.90
80Glu  10.99 97.73 15.18 43486  -2616.30  -730.24

VE: S-S - S-W: EA-K; S-AA: EA-RAE; AA-W: RAB-K,

3 Zhig
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