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ABSTRACT

TFreeze-thaw Stability, Glass Transition and Retrogradation Behavior of
Conventionally and Ultra High Pressure-assisted Muodified Corn Starches

Apsast 2012

Sontitham Cholipratoom, B.Sc., Chandrakasem Rajabhat University
V.5¢., King Mongkut's Institute of Technology Ladkrahang
Ph.D., Kyung Hee University
Directed by: Associaie Professor Moo-Yeol Baik and Professor Byung-Yong Kim

Starch is a major food reserve substance in plants, and oceurs n diserete
granules, Starch consists of two biopolymers: an essentially linear polysaccharide
called amylose and a highly branchec polysaccharide called amylopectin. In
foodstuffe. the vse of native starch or ummoditied native starch is limited by their lack
of stability under processing condition such as heating, refrigeration and freezing
because of their lack of stability undsr temperature, pH. frozen and refrigeration
conditions, which commonly applied to procsssed fond. Chemical modification of
starch is being use o introduce desirable properiics in slarch for speci fic application.
Perhaps ultra high pressure technology offers a new possibilily of starch application
in food products and chemical medification 15 usually camied out to overcome the
unstable properties of starch and to improve ils physical properiies and inhibit
retrogradation of starch gels. [n this study, com starch wus hvdroxypropylated and! or
crosslinked under ultra high pressures (UHP) using propylenc oxide (1'0), sodium

trimetraphosphate (STMP} and sodium tripelyphesphaic (STPP) and their [reeze-

thaw stability, glass transition temperature (Tg ') and retrogradation behavior were



investigated to elucidate the effects of non-thermal  hydroxvpropylated andfor
crosslinked com starch gels.

Liffect of ultra high pressure (100, 200, 300, and 4000MPa for 15 minules) on

freeze-thaw stability, glass ransition temperature (7¢'), and retropradation behavior

of hydroxypropylated com starch with propyvlene oxide (4, 8, [12%. ww) wus
mvestigated. Freeze-thaw stability, glass transition temperaturs (727), ice meliing
enthalpy (AH} and retrogradation behavior of UHP-assisted hydroxypropylated

cornstarch  showed  differeol  pattern compared o native and  conventionally

hydroxypropyleled comstarches, Degree of propylens oxide and level of ultra high
pressure greatly influenced frocze-thaw stability, glass @ansition temperamre (7g7),
ice melting enthalpy (AL} and retrogradation behavior, The highest frecee-thaw

stability was observed in UHP-assisted hydroxypropylated comstarch with 12% of

propylene oxide at 400 MPa for 15 minutes. Moreover, higher pressure and propylenc
oxide level lowered glass transition temperaiure (72}, ice melting enthalpy { A1) and
retrogradation behavior,

For crosslinked com starch was crosslinked with STMP/STPE (99:1) (4, 8,

12%, viw) at 100, 200, 300, and 400MPa for 15 minutes and conventionally method

reaction al 45 “C for 3 hr. Treeze-thaw stubilily, glass transition tamperature (Te ™), fce

melting enthalpy [ A F), recrystalization and retrogradation behavier of UHP-assisicd

crosslinked  comgslarch  showed different  pattzrn compared 1o native and



comventionally crosslinked comnstarches. Degree of STMP/STPP showed not
significant of frceze-thaw stability between § and 12% of STMP/STPP (99:1) mixture
and levals of ultra high pressure was not influenced freeze-thaw stability, The highest
freeze-thaw stability was observed in conventionally comstarch with 12% of

STMP/STPE (99:1) mixture, Moreover, higher prossure and 12% of STMP/STPP

(99:1) mixire lowered glass unsition lemperature {Te", ice melting enthalpy (A )

and conventionally cormstarch with 12% of STMP/STPP (99:1) mixture showed
lower recrystalization and retrogradation behavior.

In case of effect of dual medified corn starch by using wltra high pressures on

frecze-thaw stability, glass mansition temperature ({e and retrogradation behavior

of hydrosypropylated and crossiinked or crosslinksd and hydrocypropylated com
starch with 12% of propylene oxade and [2% of STMP/STPP (89:7) mixmre at 400
MPa for |5 minutes and conventionally methed reaction at 45 *C for 20 houry and 3
hours for hydroxypropyvlation and crosslinking, respectively. The crasslinked und
hycroxypropylated comstarch by using ulira high pressures showed higher frecze-

thaw stability and lower recrystalization and the lowest glass transition temperalure

{(Te), ive meling enthalpy {AF) and rewogradation behavior was observed in

conventionally-zssisted hydroxypropylated and crosslinked corn starch.
[ala confirmed that the ultra high pressures etfect of hydroxvpropylated
and/or crosslinked comn starch during storage was relaled with the degres of reagent

and ultra high pressure levels.  Therefore, the freeze-thaw stability of modified



starches during storage in this case was related to other changes such as amvylopectin

recrystally, siiffening of the amoerphouws domains and glass wansition lemperature.
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