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Study on the gelatinization behaviors of heat-moisture
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Abstract: In this study., the gelatinization of heat-moisture
treated ( HMT ) corn starch was investigated by rheometer
(RHE) and differential scanning calorimeter (DSC) under the
same condition of excessive water (starch * water=1 : 10) with
heating-rate dependent gelatinization and time-temperature gradi-
ent gelatinization tests. DSC and RHE results showed that multi-
ple endothermic transitions (G and M;) and two viscosity peaks

(PV; and PV;) were observed in viscosity curves and DSC traces
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even in excess water for HMT starches. The gelatinization
process of HMT starch could be divided into three stages by cor-
relation analysis of thermal and viscosity characteristics as
follows. The first stage of swelling corresponded to the G endo-
therm, and the second stage of swelling corresponded to the M;
endotherm, followed by swelling non-corresponding to any endo-
therm. The temperature-dependent behaviors of corn starch gela-
tinization were evidenced by RHE results and starch
gelatinization has different temperature thresholds at different
stages. The degree of time- and temperature- dependence was
closely related to these temperature thresholds.

Keywords: physical modification; starch gelatinization; multi-

stage; endothermic peak; viscosity
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Figure 1

PRk 55 550K P OUUIE T 45 1) W7 24 T 7 M RE R A 6 . @
P4k R R R 0 2 B il 2k R DSC il 28 Hh 4 1 H BRI
g (G, M) 5 25550 (PV,, PV, LRI
Bl 1(b), Hrp,DSC AR G g #vide 5 el a0 28 {00 753 1
B E W (PV )RR T Y G AR 2 R (SR B 5
M, W% B F PV, 3 T MR E i B0 Ik G
M, U 43 59 X 2 1 A AL 3 0 003 194 TIC S T V5 i D o 1A 245 A4 fie
Mg . Biliaderis™ 3 A hy 1 MG H £ Bl B A A2 o A
RBLTE DSC il 2k 22 80 W R 04 72 2 B il 4R b 3 30 6
JERRAE U5 L 34 T RV M U K AR 4 R RE 23 T DSC A b
4 W AU S B VR

BT R A B E R A R T VLT
3B B Hh A T B B JEE T X 43 T I 4 59 1 AR R
(G KA W2, B b FR 3L, 53X 4 15 6 T 3 5o A R 2
KAy T R R RN A — A B R A g
PV 55 Ty B, 1A 25 44 W 30 (ML) i TR 0% 6k 1) 3
oL R R A TE R IR K B R SR R PV, 5B I B
B G5 Al A AL 50 A R A S B T HE B Y SEE TE B & 98 & %
T XUBR T g, Ko Y 2 B R R AE K P JE B — K AR ELAE
O TR R R AR B G N R R LR T A A
RT3 0 K Bl o 66 R R 2 1 o R e .l a0 BE R —
AN WAk 2ot AR R R RO Ak R 1 R DL AR 47 Hb A B E DSC
r L B ) X AR AR R AR T I R R R AE W 2 IR OC R
WA o A B i A B8 % % Wang S50 7E J b I 4k 1 A2
W R BB 3 A B AR A A AR G 0 i B
2.2 TEMRIL A 0 HGE BRSSO AT

P L 2 AT S [ i A R R VSR I TR R R
PEMZR 2B TR R R o 7R 2 kB A A R
TSR AR AT TR — R R o £ 2 5 A
P RRAEWE PVRI PV, NI 2 i AT LLE 7255 — 4>
VEFNEE A0 CT RN TT B B 22 (8] A5 Lb 42 1 O 149 43 B 28
F2 B TR AL S RT DL T A A A A Y R
PECT A AR 0 B R R A A TR R 1 R W Ak A
S I it A S AR 0T S AR TR BE B B R ok R

Comparing analysis of endotherms with viscosity peaks of native and HMT starch gelatinization
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Figure 2 Effect of heating rates on the viscosity

variation of HMT starch
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Effect of heating rate on the characteristic

Table 1

temperatures of peaks viscosity

I AR/ WA {38 B /°C

(C + min™H) H—DRHENE 5 A RHIENE
5 70.940.3% 77.84-0.74
10 71.6+0.20 79.5+0.4P
15 72.440.2¢ 81.4+0.5¢
20 72.940.2P 82.6+0.1P

T A AR EEAS R 2R A7 AE B 1 25 5 (P<C0.05).,
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Figure 3 Viscosity of HMT starch during the time-tem-
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Figure 4 The viscosity value, viscosity difference (Ap) and the first-order derivative curve of Ay values

before and after isothermally holding the starch samples at different temperatures for 5 min
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Figure 5 The semi-logarithmic plot of viscosity versus time at different isothermal holding

temperatures for 5, 20, and 30 min

JEF ¥4 5,20,30 min Z )5 AR R B AN T 4,12,
I35 (R 2), BRI ETZ b TS B h B
F A AR 2 R A AR S E B 1) LU E 45 A 4T T L SR R IR
I A R AR R Ak S T BR Y R R AT AT DL G R B A S
TR G3 » SCHE VE B K R OK 2 O AR R R B e
5 AL RY B CI B BO 2R 2 78 °C L EJE il

JERIS 78 CIKFI 80 “C I, £ b &5 K A 1A 52 IS OF R B
R 1A ZR W R a3 A, i FAES0 °C LB Ay i
ARTERE 3 AR AL B B D & 44 2 vp 3 4 JBORE A3 76 K 4
MK 53 I B AR 3 S AR RO L AR 2 T DL
th 80 T JEF M 30 min ZJS. KRB LN T
364.8 mPa « s, J& il BE V-5 {19 2565 DAL o 8 eI L 40

23



24

E#i# 38 FUNDAMENTAL RESEARCH

F2 ERLEEMERREERETFE 5,20,30 min
ﬁlJEE’JﬁEE{‘%TE(Ap)*
Table 2 The difference of viscosity values ( Ay values)
before and after the isothermal holding periods of
5, 20 and 30 minutes at different temperatures
mPa « s
-1 9 SF- 4 B 7] / min
JE/C 5 20 30
70 —5.340.78 4,040,654 5.6£0.6
71 —8.542.4A 7.6£1.20 16.6+ 3.4
72 11.8+0.9P 59.940.5" 91.8£5.0P
74 42.640.4% 136.341.1"¢ 168.848.9<C
76 53.3+2.1P 167.5+1.3%P 206.1417.6<P
78 74,345.8F 225.342.2"F 271.2419.9¢F
80 115.940.6°F 303.4+5.35F 364.848.6F
86 262.5+£3.1:¢ 398.2411.5% 437.9420.5<

T AT EAR/NG SRR R RS AE 7 B 3 22 5 (P<C0.05) 5[]
3 EARK S 8 A ] 2R 7 AE B 3 Pk 22 5 (P<0.05)

JEE Y- A o V) 4 252 A K (AR SR Y 2 BE K BB S 3k B TE R
Wik ry e 35 . B, YR E B 2 A\ E RE
TTS, B, 32 4549 £ 1) B 100 4R 50 A 1 2 i 26 O e (8 3
3 85

J_Lmuxﬂ*ﬂ?éﬂ“flifw AL (DSC) X ¥ By 14 B 1k

AT T SEBF R I, 38 2 B B 43 BT I AR 2 S IR 1 4
tHTL;?kﬁ%#FT‘{ Ak B YE By 1WA BL L BF 9 K
BRI 2 WE LRy iep A O i R o o W el R ) R A O 1
g PV, F PV, , 435 %F B F DSC i 26 #y G F1 M, g $40 ,
T A4 F VE M R AL 2 AR A = B B AT W AR B B Y IR
B — B (RIS R 1 5 A B B 1 TR 1B %% DA oG ELMA
AU 46 B Bt 22 2% B0y T B A B R 1 i Sl B RD AR R 12
Vil 2 Y05 100 5 D8 A R D B R AR S R e R R R 5
HC@IEL}:H)H Rl 3 B AN B T o D R b A B K TR Y

fig A & 58 A Ak 7 114 B[R] 4 0 A 1k 4l I 2

5% 3

[1] SABLANI S S, KASAPIS S, AL-TARQE Z H, et al. Iso-
baric and isothermal kinetics of gelatinization of waxy maize
starch[ J ]. Journal of Food Engineering, 2007, 82 (4):
443-449,

[2] XU Jin-chuan, BLENNOW A, LI Xiao-xi, et al. Gelatiniza-
tion dynamics of starch in dependence of its lamellar struc-
ture, crystalline polymorphs and amylose content[ J]. Carbo-
hydrate Polymers, 2020, 229. 115481.

[3] SCHIRMER M, JEKLE M, BECKER T. Starch
gelatinization and its complexity for analysis [ ]J]. Starch-
Stiarke, 2015, 67(1/2): 30-41.

[4] ZHAO Xia, WANG Yong. LI Dong, et al. Insight into the

BE 2318 [ 2021 £ 1A | R@SUH

biphasic transition of heat-moisture treated waxy maize
starch through controlled gelatinization[ ] ]. Food Chemistry,
2021, 341(Pt 1) 128214,

[5] MALUMBA P, JACQUET N, DELIMME G, et al. The
swelling behaviour of wheat starch granules during
isothermal and non-isothermal treatments[ J]. Journal of
Food Engineering, 2013, 114(2) . 199-206.

[6] RATNAYAKE W S, JACKSON D S. Gelatinization and sol-
ubility of corn starch during heating in excess water; New in-
sights[ J ]. Journal of Agricultural and Food Chemistry.,
2006, 54(10). 3 712-3 716.

L7 BRIGHT . SREAE . BRIEIR. S5, o i T Ak 2 0S 32 8 U2 M WAL
TR B TR R R [ ], A S LA 2018, 34(4): 31-
36, 64.

[8] WANG Shu-jun, CHAO Chen, XIANG Feng-juan, et al.
New insights into gelatinization mechanisms of cereal endo-
sperm starches[ J]. Scientific Reports, 2018, 8(1): 3 011.

L9 # DU DL /N Fh 3E B ) Ak R A 5 1 B G 55 8 e o 1k iy %
ZDJ. P62 BRPRHE KR Y, 2017, 14-24.

[10] A=, A 20T, SRmele, 4. K& Bf‘%%ﬁ*ﬁﬁd\ii*ﬁ*ﬁ%ﬁﬁ

AL PE B L) ], B i S PR, 2016, 32(4) .

[11] WANG Shu-jun, COPELAND L. Phase transitions of pea
starch over a wide range of water content[]]. Journal of Ag-
ricultural and Food Chemistry, 2012, 60(25): 6 439-6 446.

[12] PEREZ-SANTOS D M, VELAZQUEZ G, CANONICO-
FRANCO M, et al. Modeling the limited degree of starch
gelatinization[ ] ]. Starch-Stirke, 2016, 68(7/8) . 727-733.

[13] LIU Yi, YU Jing-lin, COPELAND L. et al. Gelatinization
behavior of starch: Reflecting beyond the endotherm meas-
ured by differential scanning calorimetry[ J]. Food Chemis-
try, 2019, 284 53-59.

[147 RATNAYAKE W S, JACKSON D S, Starch gelatinization[ J].
Advances in Food and Nutrition Research, 2009, 55.
221-268.

[15] XING Jun-jie, LI Dong, WANG Li-jun, et al. Multiple en-
dothermic transitions of acid hydrolyzed and heat-moisture
treated corn starch[J]. LWT-Food Science and Technology .
2017, 81: 195-201.

[16] TAN Xiao-yan, LI Xiao-xi, CHEN Ling. et al. Effect of
heat-moisture treatment on multi-scale structures and phys-
icochemical properties of breadfruit starch[ J]. Carbohydrate
Polymers, 2017, 161 286-294.

[17] EF. sk, BER, & R PR FE # B R 1

ML), i Tolk, 2016, 37(12): 88-91.

[18] XING Jun-jie, LIU Yi, LI Dong, et al. Heat-moisture treat-
ment and acid hydrolysis of corn starch in different sequenc-
es[J]. LWT-Food Science and Technology , 2017, 79. 11-20.

[19] EweHs, PRIEAT, 208, T FACAL 2 X KK TE By BRLAL 1: B
T FOR L b By 2 L] . ﬁuu SHUhE, 2017, 33(5): 182-
187, 210.

(F 4% 39 )



&M | Vol.37, No.l

2008, 99(14) . 6 266-6 270.

[18] HERMAN A, TAMBOR K, HERMAN A. Linalool affects
theantimicrobial efficacy of essential oils[J]. Current Micro-
biology, 2016, 72(2): 165-172.

[19] ANGIONI A, BARRA A, CERETI E. et al. Chemical
composition, plant genetic differences, antimicrobial and
antifungal activity investigation of the essential oil of Ros-
marinus offcinalis L[ J]. Journal of Agricultural and Food
Chemistry, 2004, 52(11): 3 530-3 535.

[20] YANOVSKI S Z, YANOVSKI J A. Long-term drug treat-
ment for obesity: A systematic and clinical review[]J]. JA-
MA, 2014, 311(1). 74-86.

[21] YANG Chuang-s, ZHANG Jin-song, ZHANG Le, et al.
Mechanisms of body weight reduction and metabolic syn-
drome alleviation by tea[ J]. Molecular Nutrition &. Food
Research, 2016, 60(1): 160-174.

[22] VINER R M, HSIA Y, TOMSIC T, et al. Efficacy and
safety of anti-obesity drugs in children and adolescents:
Systematic review and meta-analysis[ J ]. Obesity Reviews,
2010, 11(8): 593-602.

[23] SARKAR S J. DIOUNDI D, GUPTA M. Endophytic
pestalotiopsis species from Andaman Islands: A potential
pancreatic lipase inhibitor[J]. Asian Journal of Pharmaceu-
tical and Clinical Research, 2017, 10(10) . 82-83.

[24] SINGH G, SURESH S, KRISHNA B V, et al. Lipase in-
hibitors from plants and their medical applications[]J]. In-
ternational Journal of Pharmacy and Pharmaceutical Sci-
ences, 2015, 7(1) . 1-5.

[25] WANG Miao, GU Dong-yu, LI Hao-quan, et al. Rapid pre-
diction and identification of lipase inhibitors in volatile oil

from Pinus massoniana L. needles [ J]. Phytochemistry,

ZEMEF . FATHELHNLERS RNESHEANGER

2017, 141. 114-120.

[26] ROCHA S, SOUSA A, RIBEIRO D, et al. A study
towards drug discovery for the management of type 2 diabe-
tes mellitus through inhibition of the carbohydrate-hydroly-
zing enzymes q-amylase and a-glucosidase by chalcone de-
rivatives[]]. Food & Function, 2019, 10(9): 6 203.

[27] SOHRETOGLU D, SARI S. Flavonoids as alpha-

glucosidase inhibitors: Mechanistic approaches merged with

modelling [ ] 1.
10. 1007/s11101-

enzyme kinetics and  molecular
Phytochemistry Reviews, 2019, DOI;
019-09610-6.

[28] LOIZZO M R, TUNDIS R, MENICHINI F, et al. Anti-
rancidity effect of essential oils, application in the lipid sta-
bility of cooked turkey meat patties and potential
implications for health[J]. International Journal of Food
Science and Nutrition, 2015, 66(1): 50-57.

[29] % A% B4, ICas, 5. 7 KRR 72 52 0y i oh b
P B o~ 40 HE T i L £ I JIEL TR 0 AR BB D BIFSELT ) AT
LHLW . 2020, 36(4): 157-161.

[30] Zlar, skiii. EFL. . m REERY ST A . M
0 1 B 5 0 A B A LT )L A A S PLB 2019,
35(2): 140-144, 184.

[31] ADEFEGHA S A, OLASEHINDE T A, OBOH G. Essen-
tial oil composition, antioxidant, antidiabetic and antihy-
pertensive properties of two afromomum species[ ]J]. Journal
of Oleo Science, 2017, 66(1).: 51-63.

[32] SRIRAMAVARATHARAJAN V, MURUGAN R. Cumin
scented leaf essential oil of Cinnamomum chemungianum .
Compositions and their in vitro antioxidant, a-amylase, «-
glucosidase and lipaseinhibitory activities [ J J. Natural

Product Research, 2018, 32(17): 2 081-2 084.

(E#% 24 7O

[20] CARLSTEDT J, WOJTASZ J, FYHR P, et al. Understand-
ing starch gelatinization; The phase diagram approach[J]. Car-
bohydrate Polymers, 2015, 129 62-69.

[21] LUND D, LORENZ K J. Influence of time, temperature,
moisture, ingredients, and processing conditions on starch
gelatinization[ J . Critical Reviews in Food Science and Nu-
trition, 1984, 20(4). 249-273.

[22] GUO Peng, YU Jing-lin, COPELAND L, et al
Mechanisms of starch gelatinization during heating of wheat
flour and its effect on in vitro starch digestibility[ J]. Food
Hydrocolloids, 2018, 82. 370-378.

[23] WANG Shu-jun, ZHANG Xiu, WANG Shuo, et al.
Changes of multi-scale structure during mimicked DSC
heating reveal the nature of starch gelatinization [ ] J.
Scientific Reports, 2016, 6. 28271.

[24] BILIADERIS C G. Chapter 8; Structural transitions and re-
lated physical properties of starch[ M]// BEMILLER ],
WHISTLER R. Starch. 3rd ed. San Diego:

Academic

Press, 2009. 293-372.

[25] XIE Feng-wei, LIU Hong-shen. CHEN Pei, et al. Starch
gelatinization under shearless and shear conditions[ J]. In-
ternational Journal of Food Engineering, 2006, 2(5): 1-29.

[26] PUKKAHUTA C, SUWANNAWAT B, SHOBSNGOB S,
et al. Comparative study of pasting and thermal transition
characteristics of osmotic pressure and heat-moisture
treated corn starch[ J]. Carbohydrate Polymers, 2008, 72
(3): 527-536.

[277 JENKINS P J, DONALD A M. Gelatinisation of starch: A
combined SAXS/WAXS/DSC and SANS study[ J]. Carbo-
hydrate Research, 1998, 308, 133-147.

[28] GRYSZKIN A, ZIEBA T, KAPELKO-ZEBERSKA M.
Properties of corn starch subjected hydrothermal
modification[ ] ]. International Agrophysics, 2017, 31(1):
53-60.

[29] TANANUWONG K, REID D. DSC and NMR relaxation

studies of starch-water interactions during gelatinization[ J].

Carbohydrate Polymers, 2004, 58(3) . 345-358.

39



