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the Physicochemical Properties of Maize Starch
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Abstract

The physicochemical properties of high-pressure homogenized (microfluidized) maize starch with different preheating
temperatures (50, 60°C), levels of pressure (34.5, 69, 138 MPa), and numbers of pass (1, 2, 3 pass) were examined
in this study. The enzyme susceptible starch (ESS) content, morphological property, X-ray diffraction, and Rapid
Visco Analyzer (RVA) profile of starch were significantly altered via increasing the number of passes and preheating
temperatures. The amount of ESS and the diffraction pattern of starch indicated that the granular crystalline structure
of starch was severely damaged by increasing the number of passes and preheating temperatures. The morphology
of starch granule was changed from angular to spherical shape with the damaged surface as the pressure increased.
Moreover, damaged starch particles gathered to form a larger mass when treated at a higher temperature with the
increasing number of passes, indicating that different types and extents of damage occurred. The RVA profile of
starch showed a moderate peak viscosity with increased pasting stability against shear thinning similar to that of
cross-linked starch as the number of passes and preheating temperatures increased. These results suggested that
microfluidization combined with preheating might be used as a potential alternative method for the modification of

starch such as cross-linked starch.
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Microfluidizer= =2¢] #3}, #4F, 33) 59 §== A}
L5+ 54 ZYwZ 7](dynamic high pressure homogenizer)
olt}. Microfluidizers 71 WH & g4 7]9 €4,
7Fetet 29kl #A|7F micro channelS E3| interaction
chamberol| A 240 2 S5 uf WAYsl= S A, A
o, 339 1E, FsaY o FEom AA-HA &
= dA-IA AE ELFAIZIY(Villalobos-Castillejos et al.,
2018; Liu et al, 2009). #Zol= w9 & (lordache &
Jelen, 2008; Gong et al., 2019), &24x(Liu et al., 2009), T}
I F(Lagoueyte & Paquin, 1998; Zhang et al., 2017), 4
o] -(Wang et al., 2012; Mert et al., 2014)9} 7+-& T+
Z38H5HES S 2 Microfluidizere] TZ4ad 349 7]
A 9 BN 2 Ry sk dEdE A
2A agaAA e o)t & i F2(Guraya & James,
2002), FAsHd A gHie] fal= /)4 (Augustin et al.,
2003), FHEd i) F2E4(Tu et al., 2010), L2 229
5382 54 (Duan et al., 2017)°] thak AF7F HIIE R
O}, a9t g M B A= I 7]
2ol ek A= vES Aot oo B AtdAe=
A%, dEFE 2 AHYSFE dElst] 1YHE Az

=]

2 E A 2]= Microfluidizer (M-110L, Microfluidics,
Newton, MA, USA)E AM&3}o], oF 200 mLe] S447
TS O REE I3 o A7 4E
I AgFE dElate] At &, dEFEs S
NEE AEAEY10%, ww)2 50 2 60°CE 99 F
345,69 B 138 MPa®] fEollA] st A A gl ste] Alxs)
A, AP JFE st AEE 50 2 60°CE g A
EHEANS 138 MPa2] oA 1, 2 & 33] 28 sty
A zstAct oln] AEHENL Microfluidizere] FY =
(inlet reservoin)oll F¢1 A fFElHHE F&E3] Ao A
< Hasletlom, a1kt d Aol el wd
#38Fd Microfluidizer®] interaction chamber= 4 -&&
A9 BskAh st A A T3 AR A gl Aol

i
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4 A3 & 50°Ce] F-F L E(Model 280, Thermo Fisher
Scientific, Waltham, MA, USA)olA] 24A17 A %3 th&
W HASHA BAAEE AT

Z=AME (Enzyme susceptible starch)

JaSrAAEA P wE Ao 4 EE Megazyme kit
(Megazyme Starch Damage Assay Kit, Megazyme Ltd.,
Wicklow, Ireland)& AME-3Fe], Al 59 F AEFF div]
EFAETFE e EAEAYAACC 76-31.01,
2000)°.2 =431t}

=R HEfsty Sd

kA Al mhe A dAte] Fefshs Wshe FAR
28 ) 7 (Hitachi S-4800, Hitachi High-Tech Corp., Tokyo,
Japan)& AHE-3HA, AR E 7HE FHH o]z FA &
gold-palladium .2 IS th 15kVe] 7Hd9telA] &
Zshlrh.

AR 24442 XA 3884 7](D/Max-2500V/PC,
Rigaku Denki Co. Ltd., Tokyo, Japan)E ©]-&3}od 7}
QF 30kV, 15 mA°A FAZAE 3-40°, 27ME % 3.0°ming]
ZAo 7 243 A 5] XA slAYgFoz AT

mo|aE 54

IR R e dEAIES] FojiE 54
A4 =52 7](Rapid Visco Analyzer, RVA, RVA-3D,
Newport Scientific Ltd., Warriewood, Australia)E& A}-& 3}
o 243Ut LFEFTE 10% (ww)e] AEFEA S
50°C7HA 7t = 17 AR o 50°CellA 95°C7HA]
45% B2t 7FE, 95°ColA 27 f-A, 95°CollA 50°C7F
A 4.5% 5t W7, 50°ColA 17 fAlsk= ke, 7HE
A, Wz, YA Ao 2] H=(RVA unit) HSFEA]
Hol2g EAS AT

SAEH

AR 79 2= FAHEA(ANOVA) F Duncan®| ©f
SH PO 2 AFEATHp<0.05). TAEAL SPSS A
2T (SPSS Statistics 21, IBM, Armonk, NY, USA)S
AT

2o E
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MPag] }&E T e g2 AAglo] T dEA
F9} FUFA O, 69 MPaz o] 7kl wel 50 2
60°C e AHEAFEE= S ETF] 2+2F 3.53+031
2 3.80£0.74%2 WP S7telH ddewe] mE &
o7 zlol= AT WA 138 MPao] o= 50 2
60°C A A5 &S 7h7) 5.38+0.54 2 6.75+
0.81%2A 5=} dd2wd vlg sl Frlsd oy
EdFEE 2R =X &ttt o] A2 A= 72 A
AZH<205)S Zhe At E Y] 50 E MR &3]
G FEo vlE) He FELS

I re}l ¢ A 35l e
Table 20 EAaIR Tt A3 1372
of vl sl & Fo |
&4 o TS Fotet
old ¥ 2 9 33 vhExgst A4S SAEdEe 47t
16.79+1.50 2 25.85+0.73%% = =
o] MHEA A BollM = &40
7vsh 33] wkEA e 739 35.0240.19%°]

Table 1. Enzyme susceptible starch contents of maize starches
microfluidized with different preheating temperature and
pressure level

Microfluidization condition Enzyme susceptible

Temp. (°C) Pressure (MPa) starch (%)’
34.5 2.53+0.12%

50 69.0 3.53+0.31°

138 5.38+0.54¢

34.5 1.98+0.50*

60 69.0 3.80+0.74°

138 6.75+0.81¢

Untreated maize starch 2.53+0.42°

“Values are mean + standard deviation.
*Values with different superscripts are significantly different (p<0.05).

Table 2. Enzyme susceptible starch contents of maize starches
microfluidized at 138 MPa with different preheating temperature
and pass number

Microfluidization condition

Temp. (°C)

Enzyme susceptible
starch (%)’

Pass number

1 5.38 £0.54°
16.79+1.50°
25.85+0.73¢

50

6.75+0.81*
19.39+0.93°
35.02+0.19°

60

W N =W N

“Values are mean % SD.
*Values with different superscripts are significantly different (p<0.05).
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A2t vlaste] FeEje] Zol7F gl S uk(Fig. 1(Al)),
69 MPaollA= EHI} BA7F i viRE YA e 7t
HZ5 A tHFig. 1(A2)). T3+ 138 MPag] dEHAgoME

F2o A7t 2 viE I AR s o]

AakE Fej7b AS AW, SE G e g e E
AJHA] e SkTthFig. 1(A3)). o9 22 E44Fel= S+t
A oA BA = YA SEH ADdEHo R o
g AEA, o] 2545 &4 dEAY] |
Fe B2 oz BASATh astAA e e A
EAAFe] &4 #-3F] Guraya & James (2002)= 23
2 Fdo] A% vhiae yek A g osf A AP
3 B3 up Qo

A 60°C oY F 34.5MPa2] oz A3 Al8Ee
&she 50°C D A AlEe @2 YA 21 vhi
LAjo] FEE|QT, 69 MPadlAE 50°C, 138 MPa 2] A]
59 fAbe Yo mirE YAFEH 7L ASHUL
g 138 MPa®] oA e v Jdo] At &4
7l JAFEe] Jolg] Fel= FH o] #== o (Fig. 1(B1-3)),
AL2=7t ES55 AEYPA M &2 F7tske
AL Ikt o] 42 A=A = 80 MPa®] A9t
Al Mt SEFolA FE53 YAFH] ol R e
FHo] 45T, 160-200 MPa2] oM E YAEo] §
ol2]Z A 3HE Tu et al. (2013)Q] B2} FAFSFA T

B uE AHeslgel mE SEFHAEY o
AFH S Fig. 201 FAIEITE 50°C <19 % 138 MPa9)
Aol A w2 et A5 FY 21 wHEXEsA] &
2 A7 vE =& FFoE FHo] uEIHM(Fig
2(A2)), 33] WHEA S A folle &4E 22 YAl
S HE ol =9 22 Fe7F A5 Arh(Fig. 2(A3)).

g 60°C WHE-A 2l A| 8ol A= &3E JAEe] S-3do] at
AY3FAL(Fig. 2(B2)), 33] wHEA gt 4ol YAtEol o
Uz #3437 9ol JdeE e AthFig. 2(B3)). ©l<t

AYABANNE &5
1=}
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34.5 MPa

Preheating Temperature

Pressure Level

69 MPa

138 MPa

Fig. 1. Scanning electron micrographs of maize starch granules microfluidized at different preheating temperature and pressure level

(x3,000).

Pass Number

Preheating Temperature

Fig. 2. Scanning electron micrographs of maize starch granules microfluidized at 138 MPa with different preheating temperature

and pass number (x1,000).

Zpe] &5 VIR 2 XA 9%

(Delcour & Hoseney, 2010). w2hA] HEAx}e] &4} A
P2 50°CoA KTt dubAQl Segite] &3

72°C)ell 243 60°C Al d2olA golatAl WA st= A
o7 dqAdr.

HEUXL] -

AEe] AFEAHe 449 A7, d4AF Wl A9
BEFE, BAAES] HH?? ol dFgFs womn, XA 3
kAol wet A, B, Co 2 FEHTH(Zobel, 1988). =
FFAREE AP Af‘é Aoz FHZE(20) 15,
17, 18 ¥ 23° F-2ox F= 3]- 977} LAl 3| HEA
< ZHa QA dEFEEd A3 e 55

TR XA IHPFE ez wet Fig 337 40l
747k FA T AP e e BE ARe dg9:
o} el BAIgle] FA A Rt TY Y
S YERIATHFig. 3(a), 4(a)). ©1213 At A3 =44
B3k 2 Axdn g #2072 3013 npe}l o] HE
£o] oA W ‘l‘"“oi Ay Soll whet Pk o
ARG o] EAEHA %71 ° 2 FerE

ShH a9t iﬂ% HHEo] tﬂra} 50°C A EE F

2% 3|HPFE Ko, o]yt 3
AFde 33 vHEA RS Al BN T TdetA dEEHAT
(Fig. 3(b)). ololl we} 2ehd HEA A o] =& At
g} vzl os) Mol A4 432 wistelA] gon,
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Fig. 3. X-ray diffraction pattern of microfluidized maize starch preheated at 50°C. (a): microfluidized at different pressure level, (b):

microfluidized at 138 MPa with various pass number.
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Fig. 4. X-ray diffraction pattern of microfluidized maize starch preheated at 60°C. (a): microfluidized at different pressure level, (b):

microfluidized at 138 MPa with various pass number.

2} 60°C WHEA A 5] 49 50°Ce] 33] wHEA | Al
ol vlgj] We &A= Bty AV A} &
AE 7Y IJHAEAS YeR A =0l(Table 2, Fig.
4(b)), ol dGLro) e AR & o] 2ol 7]Ql
gt A2 FAEY S, WEA oA TAss AR
Azte] afo] RN WAEE 50°C A A B 2,
60°C HEAEE vHEA g g Me] &4 AEJAZE
2k, vk F 3 (Fig. 2(B2) weh 4AF W] tif-2e] 274
dodolo] wEE Ao oAdt

TAAERMZ|ZH0| 2 ME22| Ho|AR SMHS}
50°Coll Al 138 MPa®] 4E o2 13] 283t SFFHEA|

= 9733 o] RVA 714, 71854 92 W7} cycledllA

FA A8 vl thh Be Fre] U3 A=EAS

el QAkFig. 5). ¥H A-S-aHE 60°C A 2] A ol A& 50°C
A A5 vla) Flo]2~8 HE7} WAL shear thinning®] %
), |28 5780] &= ArkFig.
ol e Folgh Ho|AF BEAS A E7He] fAbe
AR S 7S w(Table 1), sl ol w2 A&
o] 2] ztole] 791t AxtE FAH T
I d A Sl e SFFHAES] RVA Jx 22
91dS I w0 wet Fig 69 EAISIITE RE A|BE
A 3lpel] AAGle]l THE G olA FeEETE =H AT
Ho)2g Hert A 7HERA A A= shear
thinning®] W& FFO 2 WAshH=E fAFSE Hlo] 28
S YehHAHFig. 6(A, B)). 3 2o wa}t 60°C
HEA P A B A8k 50°C A A 8o B8] we o]
Y A=E Holw 7MEFAAG A9 shear thinning®]
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Control

60 ———-138MPa ] 20

Time (min)

Fig. 5. RVA profiles of maize starches. Control: untreated
maize starch, 138 MPa: maize starch preheated at 50°C before
microfluidization at 138 MPa without repetition.
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Fig. 6. RVA profiles of preheated maize starches microfluidized
at 138 MPa with different pass number. (A): preheated at 50°C
before microfluidization, (B): preheated at 60°C before micro-
fluidization.
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