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Effect of Acid Modification and Pre-gelatinization Methods on Physicochemical

Properties of Water Chestnut Flour
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ABSTRACT

The objective of this research was to study
the effect of modification methods by acid modification
and pre-gelatinization on physicochemical, pasting
properties and freeze-thaw stability of water chestnut
flours. The water chestnut was modified with
hydrochloric acid solution, pre-gelatinized with moist-
heating, and prepared as native starch using sodium
hydroxide solution. It was found that the modification
methods had a significant effect on physicochemical,
pasting and freeze-thaw stability properties of modified
water chestnut flours. The protein, carbohydrate, and
amylose contents of acid-modified water chestnut
flour was lower than the pre-gelatinized flour,
whereas the swelling power and solubility of pre-
gelatinized water chestnut flour were higher than the
acid-modified flour and native starch, respectively
(p<0.05). In addition, the peak viscosity, breakdown,
final viscosity, and setback values, of acid-modified
water chestnut flour were lower than the pre-
gelatinized flour and native starch, respectively
(p<0.05). The acid-modified water chestnut flour
shown no syneresis in all 5 cycles of freezing and
thawing at 30, 60 and 90°C. Therefore, the modified
water chestnut flour has the potential to be used in
food industry.

Keywords: modified starch, water chestnut, pasting

properties, swelling power, syneresis
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Table 1 Chemical compositions of native starch and modified water chestnut flours (dry basis).

Water chestnut

Characteristic
Native starch

Acid-modified flour

Pre-gelatinized flour

Aw 0.61+0.03°
pH 7.50+0.43°
Amylose (%) 28.56+0.67°
Protein (%) 7.46+0.14°
Fat (%) 0.90+0.15°
Ash (%) 2.22+0.00°
Fiber (%) 2.50+0.08"
Carbohydrate (%) 86.93+0.45°

0.46+0.01° 0.59+0.03°
6.08+0.02° 6.23+0.05°
5.53+0.42° 20.81+0.77°
10.90+0.21° 13.51+0.28"
0.44+0.14° 0.60+0.20°
11.32+0.04° 2.7140.09°
4.2440.23° 2.7340.15
73.10+0.51° 80.44+0.22°

The superscripts with the different letters within the same row are significantly different (p<0.05).

wlenszduanudsalensalusuialusau
(Fowar 10.90 twifnguusie) desnitudensedu
W5Laanflug (Sesay 13.51) warnuin ansyluisn
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LmvaamnmwummmLmu;ﬂa mimﬂmh FUU
NuRnan S mmamamsmmum ANSNDIF LAy
mimmaa’mlmwumamﬂq Snorautlefiiusuna
TUsfius azdsaliuiadvsnanisiulawmsauan
fu [24] nsldansazaneanslunsinIouani ol
FauUs ilsudsilusius uazdsdvilfiinnsda
louviadl lnonsifiunsiedeuiiveseyaiadnldly
unsyaveatls [22] FslusAuanuiadussduszney
wanfidnasenisatauils ieswnlusfiulafiniu
fuRwestalazenenstiadn [25] udnsugud
lugsazareane vililaseassvelusiunazit
£OUMIAY LLasmmsagﬂLL*&Jﬂé”mmimum’ﬁm [26]

wlansedudnuusiivsunaludiutesune
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2. navasIon1saaLUsudefaauUAnieniIenIn
¥audenszau

2.1 & uazaurnvauds

wdenszdudnudsaiensa uwtenssduns
WwarAlug Lagansvlianiusainnsgduivsune
nanAn Sevay 65.15-68.26 91NUNTNFIULIS
(Table 2) wagnuin nsgviunsaaudsidelinane
ArdveantlansedvegrefitodAynsadffisedu
audetiudesas 95 Tnuan L* (A1Aua3ne) 1e9

ulanszdusinuusiaesuinunnninaniialsidauds
wazilen a* (AAdea-Aune) way b* (AdvnGu-a
W) Hesndramdvlidaus esannisldnse
agvilidivedugruvesiuanaudmanesnunly
sEwinnisgeumiensa MliAnuAse1vesiusy
azlulawmedu Wautsariininuln waylaainenn
Fu [29] Tnoudensedundandludian L* (Apany
ai9) andiga uAlAnd a* (AATer-Aung) wazen
3 b* (AAthdu-Andes) desfian

Table 2 Yield and color parameters of native starch and modified water chestnut flours.

Water chestnut

Yield (%, dry basis)

Color parameters

L* a* b*
Native starch 68.26+0.52° 82.29+0.16°  4.92+0.13° 9.9940.16°
Acid-modified flour 65.39+0.78° 87.47+0.34°  3.99+0.17° 8.34+0.31°
Pre-gelatinized flour 65.15+0.45° 89.43+1.12°  2.65+0.16° 7.14+0.32°

The superscripts with the different letters within the same column are significantly different (p<0.05).

ASTUIUNTAALUS LTI NANDIUINVD LTS
nszdunnanslu Figure 1 laautanszdudnuys
Py ~ 2 A N I3 1
AILNIATVUINBUNIALANTIEN AD YUIMENNTT 63
luasau wesarniinszuirunisaanlslaeldnse
L URINNNTAN LT HUAINAY LML AANI1SE 08B
luianawdaintu Feilildauineuyninvesida

60 -
50 -
40 -

30 A

Hi

Weigﬁt distribution (%)

20

10 A

Native starch

wlsflvunanas [18] @ruwdeansiaadludgdiauin
oumalvgiiande sumegluzie 250-500 luasey
iesaniinszuiunisdauusildgumgiigedeinle
FudsuRamsnossiatuudailasaivuinuas
Tuanadilvg uazanivlisnuusannszduiivunn
aunAegluge 63-125 luaseu

0500 um
250 um
W 125 pm
B 63 um

Hi

ﬂcinf—modi’ﬁef ﬂour "Pre—ge[atinizea[ ffour

Figure 1 Particle size distribution of native starch and modified water chestnut flours.
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2.2 fdan1swesianaznsazanein
nszuIUNITAALUILUINTZIU Unasanias
mswaaé’hLLazmsazmﬂﬁﬂﬁqmmﬁ 50 DIFLTALT LI
vosudenszduauansly Table 3 wuin udenszdu
wiwadlud flednfdaniswesiuaznisazatein
geignogrsifodfyniaaiafissduaiuidesiy
Jovaz 95 (11.23 ¢ gel/s uaziovaz 9.44 AIUAIAU)
desnudamdeariludiduntafildsunnudou
PNNTEVIUNITHARNILAI AL TedAIA189n1S
wesdnarmsararetunniutdnudssiinsy
uanndruineynautsdiiinadonisazais
uagidanisnesia Tnsudsifivunnoyniealugjay
guihldAniruneyaadnlnedogungigeu
miazm&J‘f’lLLazmiwaaﬁwamﬂa%mmﬁu [24]
FaudanIieadludilvunoynialngfigaideiou
Auuternnusaensa wazansvlianuds (Figure
1) uenanitadeiiinasonsnessauaznisazany

vowudls lun afiavosudls Tnoutlafifivinaueslulag
a1 szdiidinsmesdanaznisazatedi 1ilesan
ozlulaaneyililasadnes sl namssud s
FJnesiilatey mnuudausauazanwursnswmniely
dnansy snsndiuveserlulaanazeylulainaiu
serUsznavludnanseiildlymslulamsn 1y
nseluslusssumAvesutaadudiniswessnves
dinanndy Uunamiwarvaisuszneudue (Hudy
dogumgiifistu arsuviuaselutignyinliiou
Juganingamgiinafluiedu lassadamdnves
wlaazunneen uarluanavesirazdoulosiy
naulansendaveterlulaguaveslulanafiuniu
wuselalasiau viliAnnsuiavedianauls duwa
Tl ludiaud gty wasvinldnnsazane
voseylulaafiudy [14, 30] WloUSunueylilaaves
uadiady avdsmalifdanswesiuayauanse
‘Lummzmmfwamﬁaamm [31]

Table 3 Swelling power and solubility at 50°C of native starch and modified water chestnut flours.

Water chestnut

Swelling power (g gel/g)

Solubility (%)

Native starch
Acid-modified flour

Pre-gelatinized flour

7.48+0.15° 8.34+0.37°
9.1940.11° 8.93+0.22°
11.2340.14° 9.44+0.11°

The superscripts with the different letters within the same column are significantly different (p<0.05).

2.3 guUAAUNLA
NAMsAnwINTABuLUasALTiiaYs
wiledae RVA lénass Table 4 &4 peak viscosity i
ANUVEATINgIEn trough viscosity Ao Amiln
finfianszninanisvinlfidu breakdown Ao A1
ANUVLARARIVTOAULANAIIYDIAUNTAEIGA
LazAniafign final viscosity e AR
gaving setback Aim ANMSAUFINTONAM19YDIAIY
wﬁmq@ﬁwﬁummmﬁmﬁq@qqqm way peak time
fie afiAngageanvesnLnilaLilegamnfives
iutlsganiiasgamginafluiedu Faands

* Corresponding author e-mail: L_wijitra@hotmail.com

Aunin i dunsEUINNNTRLER ST INISNE I Lag
mi@m%uﬁwaqLﬁmam%ﬂummzﬁlﬁ%’umm%’au
n1snessivendnaniyazsuiaioniudeud
Tfuansaransutlaiingsunefiosiiaglmanns
wanvasnuselalasiau vibvianunsatnlululuana
voadnansule ﬁﬂﬁl,ﬁmam%%@jmfwlﬁmﬂ%uLLaz
WOIFINNTY Imaqamamﬂqﬁémﬁmﬁuﬁ LULYNF
pannlaseasevesiusy lelasunegludinamsey
WAINTELFATATANETEUY lfinanisufines
Fuanladdedy [32]
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Table 4 Pasting properties of native starch and modified water chestnut flours by RVA analysis.

Water chestnut

Pasting properties
$ Prop Native starch

Acid-modified starch

Pre-gelatinized starch

3,373.65+16.16°
2,649.62+25.79°

Peak viscosity (cP)
Trough viscosity (cP)

Breakdown (cP) 724.00+12.48°
Final viscosity (cP) 4,710.00+39.66%
Setback (cP) 2,060.33+22.36°
Peak time (min) 5.07+0.00¢

21.60+1.15° 524.25+10.14°
19.33+0.57¢ 493.45+11.84°
2.00+40.00° 30.36+3.78"
21.28+0.57¢ 755.00+4.00°
2.23+0.57¢ 261.54+8.50°
5.44+1.20%° 6.95+0.07°

The superscripts with the different letters within the same row are significantly different (p<0.05).

271 Table 4 wandliiiiui 35a5eauds §
naneauUAAMUnnvendinszivegiited1Ay
N9ada (p<0.05) lnpulsdanysnensa AA1AIIL
vilnfigagegatioaiian (21.60 cP) museudingzdu
WIaR s wazamsvlannuwls (524.25 uay 3,373.65
cP) pudsy etilsannudlensedu nieanilud
Hrunslimnuseu wiibiutlegnuisdiu swdu
naannsnessileldumnudeuazUsinaning
winzay wadlendsrunisvitliuieannissans
wazdlothanyilmAnmumiindnads utieraasd
woAnssunessladda Jeliannsanessalddn
waziinanlnanaveseslalaa Wendszanuiuide
uilsroudnaudouss uazdwalimnumiladasingi
ansuldanuus [33, 34] drundwanlsamiense oy
lutlsflouinanas Wesmniiansalndweslaw
YU (depolymerization) VU UIAIENTA LAZNITANAS
yedlusiu enaviiliinnsyuivesdaudsluszning
mslvimnufou [35] wazidevilsignauioea il
anumiinsninansvldsauds

AMNUnnanadliladanAdeenuAIAINY
vilafigngeanvosudansziudauds Tnouldeinuus
shensadiranumilinanastiosiian (2.00 cP) A
paoudansedunsiaandlug wazanisvlinnuds
(30.36 wag 724.00 cP) WULAEINUAIAINURLAYDS
waunSadiouus [31] FsAnmnamiinanasiiazsiou
TAdiutannuTzuwesdandesiuainuseounay

* Corresponding author e-mail: L_wijitra@hotmail.com

wsadouiilvfuansazatends mnfidrarunia
AAANUDYINING LARNIIN AsdauUsEviliu oy
mdauldinniy eradeddnanlunsiilianes
WY [14] M3faudsuliedionsa uwasniiaanilug
annsaviulsuatosnnveutaileliannuien
waznula Lﬁaqmmﬁmmﬁ@ﬁmﬁagﬂLLUUﬂJaﬂmﬁﬂ
(re-crystallization) msﬂm:ﬁmLLﬁfla%ﬂﬁﬂUzjﬂﬁLﬁm
adesamveadauteiinuionnudeulduiniu
waziinlasiad1evesasussneultedeuoslulaa
uazlvgiu (amylose-lipid complex) flaneuaninge
Tunisurntvesiautl [35] uenarnddawuin
wdenszdudawUsaensaliAianuvilngarieuas
AmsAusatiesiian musoutinsyduniioailud
wagansvlianuls mua1eu (Table 4) wagwuin
udensgdunsaadluduazanisvlusauusininu
nilagavineganinANuninasaaniteaud wl
AZAAIAINITAURINTONARNINUDIAIUNTAAAYINY
fununilafigngsanuie setback Jsuanainuda
siatuinnnsAusalé (retrogradation) Fawaitld
ADAARBINUTIBITUVDY Singh et al. [18] wualdunis
Ausvetdianunsaysediulaananumilagaving
wazAN1sAu Tnesyninanisvineaudslmiu oz
Wanissaudafuveduanasslulaaduudady
fnwauziaa ibAalassas NN BaNanves
waudlwvdsniiliidu (36] Hedduegiueslalaa
LLazazlmIaLWﬂauﬁasgmﬂuaﬂLﬁmﬂqéf’m WINAI
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nMsAufags waneuddanuduaaldfseninng
ibinautaduiias deadonudnvazvonaaunds
uarnsueniesimnaautiadiomnmsiiuia (37,
38]

2.4 anunsidlunisudigenudauaznisazane

PAMsANwIANNALTluNSLYLE anuda
LLasmiazmaﬁqmmﬁ 30, 60 Wag 90 DIFYALTYE
vaautansedudnuds wansmalusesaznisuans
ypetnanneanianuin 33nsdaudsudansedui
nasaANAIsluNSWIE anudaLagnisavaie
Taaudinsgduaaulsnignsaldnunisuensaves
snwantlinasnnisudifenudsiaznisazansd
gauunQil 30, 60 Wag 90 perALTsanaDAI 50U
Gosasmauendvestianaaitiasinty 0.00 Tunn
NINAEe U ULTINTEIUARLUIAIENTA) WaAS
SenrumsivesaanilafiauisafunIunis L
Bonudsuaznisazareldd Wesanlunseuiuns
Fauusulledl nsmazdesiuszrasutls iulmana
aeduas uarduiiiuognaudause laaudmds
nsudiBenudsuinanunss [35] Fsdenndeaiu
ANNISAUAIYeLTINTEIUARLUSARENIANALBY
UNLiee 2.23 cP (Table 4) wansdawuildulunis
Aushiitossnnveseanilmdaduiias utawauls
frunsadefinnununsaufiazdluiaundy
drunauvosnandusiudidonuis uonanis
5189771 WlannsSnwdnudsniensniiaaunasa
donsudifonuiwaznisazaneifiudy o19vnly
Uszgnaluaslimnudunilalundndusionnsle
[6]

druntenszdundiearflugfisiuniswa
Honulawnazarefigumgll 30 esmwaidea 1o
$IUIUTOULINTY LLasﬁqmmﬁ 60 DaFLgaLTUd
Tinuntsuensivedaaudinaannisudidanuda
LaTN1TAZANLI 5 50U ($pway 0.00) Feo1adu
gunpifungaudmiunsazareutaiind e
Juudsiehunszuaunistimnudeutiionliudls

* Corresponding author e-mail: L_wijitra@hotmail.com

anuud ulldmesiuasdinilaffgumgdd us
agnslsAmudmuin detudlsnszaundwaniludun
LLG&iL%ﬂLL%qLLasasamﬁqmmﬁ 90 DALY E
linunisuendvestinainoaudsluseuit 1 uddl
mMsusndvesnautlilifiutluseud 2 uas 3
Zovaz 0.92 uay 2.60 AU vdsntuaudd
nsuensawesintesadluseudt 4 way 5 ($evas
1.33-1.51) (Figure 2(a)) dewniivimanhiunsn
magnelulassaienaunvesinudseanunlugis
3 5oULSN WEIINTUITILNFN waudianas
audsu Tusewinamsviliudadueaiy dodie
wdelasumnuseuazneasa vinlvesluladazvaie
aaﬂmagﬂuﬁwﬁé’amamﬁ@LLf]d wlsasianuwue
Juiea ilenautiafuas luanaveseslulaaay
AeuTdun Iz A ueS BN s TudIuTiLANLILS
vadluanaerlulamafuinnisisudlasaasandn
Tnindonisaudafiviliudsddnvasifueaiiu
dsmaviligaudeluanathfiaeduegiueylulaa
wazorlilamafiu usdndndulasiadauian
annsaduilild duaviilfainuniiaveaaautls
astudnads duvautinAnnishudaunn il
weduiiuluanaveserlulaauazezlulanafiu
Lenfeen Wielinnisuensivesiianeautaun
fodunsdsunammenmeninveaaautlsseming
mMsudidenudanaznsazaty wardanuduiusiy
AuaIsavedslunsinivinuavuualiy
dusunisAuavewds [39, 40]
Turuzfiansvlifauusarnnszduaziin
Asuenivestnanantanas Wesiuuseu
LLazqmmﬁiumiazmmﬁmﬁu (Figure 2(b)) WU
Ingansvlannulsannnseduin1shenfiIveIniaa
wannilande¥esay 19.77 luseudl 1 Wleavaned
gaumgdl 30 ssrwalfoa wazantouasaunsvislsl
WunsuenFIvestnatneantls (Fesas 0.00) lu
5oUfl 4 waz 5 1HewNINaNYMTYBIAWNI NG
fnameiiuuiulienavenih msnnuEnues
wilsonaindulugaaansudy 9ndunisuends
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ﬁuaﬁwmmﬁ]aLuw%ﬂsz?suaqLLﬂaﬁgmﬂ?{auamw 919
An9INNSTzaDNsEUIUNSALRA Wesanidauds
fsduvunsgydetildaiiaue a1nnsio
vosflnedvave e 3o andnludiindu [41]
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Figure 2 Freeze-thaw stability expressing as percentage of syneresis of (a) pre-gelatinized water

chestnut flour, and (b) native water chestnut starch at different thawing temperatures.

dyuna

n19aaLUsudensedvinasoaudfnig
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nudensedudaulsamensa wauwdenssdudauds
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wenszdudnuUILuunItaanflug (p<0.05) uils
nszdufnuussensafidianunilafigngean @
AMUNTAaAaY AUNTAZATIY KaEAINITALGT
Poanitansedunsaanalud wazansuluanuwys
INNILIU MIUE1AU (p<0.05) hdanszduaniys
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wiladntley (Ueuninevay 6.46)

PnauTRTuenastursaLlinseiusauls
ansoagdléin winszdudauusionsaiifinny

* Corresponding author e-mail: L_wijitra@hotmail.com

v ey < a =2
aunulunisugidentdiaznsazaiefnian 39
winnzazdunisdenunndndusienmsutideon
wis wazamsvludauusainnszdutduiaiunie
- ' o Y & 1%

niige erawangauwnmM sl duanslvany
Juniladmiundndugindenisanunilags du
wlanFiaadluduuagindansmesia Anuaunse
Tunisazarei waslidnvaziluealad Fsday
wingaufivzdldlundndagienmsisdnsoguan
fosn1smuTInsilunisazatsun usegalsinny
msinmsfnyinsiwtanssudaudsluussendlsd
lundnduinieg 019 lugniswauinenisly
[ a A A [ 2/
Tagaviamadontulsselneg wasilunisasna
yar i likinsedula

v ineeanswasinalulagnisemns ausmalulagnsnuaswargnanssinuas uninendemalulagsvusnagissugl

Department of Food Science and Technology, Faculty of Agricultural Technology and Agro-Industry, Rajamangala University of

Technology Suvarnabhumi,



Nyansnaluladnisenns unningagasu YN 15 adui 2 nsngan - SuaAu 2563 93

LONE1591999

(1]

(7]

Ashogbon, A.O. and Akintayo, E.T. (2014).
Recent trend in the physical and chemical
modification of starches from different
botanical sources: A review. Starch/Stdrke.
66: 41-57.

Majzoobi, M., Radi, M.,
Jamalian. J., Tongdang, T. and Mesbahi, G.H.
(2011). Physiochemical properties of pre-

Farahnaky, A.,

gelatinized wheat starch produced by a
twin drum driver. Journal of Agriculture
Science and Technology. 13(2): 193-202.
Wijesinghe, J.AA.C., Wicramasinghe, I. and
Saranandha, K.H. (2016). Effect of different
modification methods on gelatinization
properties and amylose content of kithul
(Caryota urens) flour. Pakistan Journal of
Nutrition. 15: 312-318.

Wijesinghe, J.AA.C., Wicramasinghe, I. and
KH. (2015). Effect of

modification methods on gelatinization

Saranandha,

properties and colour attributes of kithul
(Caryota urens) flour. International Journal
of Science and Research. 4(10): 2189-2192.
Chatpapamon, C., Puncha-arnon, S. and
Uttapap, D. (2016). Effect of heat-moisture
treatment on properties and structure of A-
and B-crystalline type starches. KMUTT
Research and Development Journal. 39(2):
257-268.

Saartrat, S., Uttapap, D., Puttanlek, C. and
Rungsardthong, V. (2015). Edible canna (Canna
edulis) starch modified by acetylation. KMUTT
Research and Development Journal. 28(1): 87-
102.

Tobias, J.R, Castro, lJ.L., Penarubia, OR,

Adona, CE. and Castante, R.B. (2008).

* Corresponding author e-mail: L_wijitra@hotmail.com

Physicochemical and functional properties
determination of flour, unmodified starch
and acid-modified starch of Philippine-grown
sorshum (Sorghum  bicolor L. Moench).
International Food Research Journal. 25(6):
2640-2649.

Niyomwit, B. (2007). Water chestnut: the
local plant food. Food Journal. 37(4): 315-
317.

Prafulla, A., Amita, D., Shirishkumar, A. and
Bhaskar, V.H. (2014). Trapa bispinosa Roxb.:
A review on

nutritional and

pharmacological aspects. Advances in

Pharmacological Sciences. 959830: 1-13.

[10] Liaotrakoon, V. and Liaotrakoon, W. (2017).

Total polyphenol content and antioxidant
activity of water chestnut. Proceeding of
the 8™ RSPG Researchers Club Conference,
Thai Resources: Enormous Potential to be
Seen, pp 251-264. November 29-December
1, 2016. Saraburi. Thailand.

[11] Liaotrakoon, W. and Liaotrakoon, V. (2020).

Effect of methods on

physicochemical, pasting properties and

milling

syneresis of water chestnut (Trapa

bispinosa) flour. Thai Journal of Science
and Technology. 9(2): 251-264.

[12] Adebowal, K.O. and Lawal, O.S. (2002). Effect

[13] Sirivongpaisal, P.

of annealing and heat moisture conditioning
on the physicochemical characteristics of
bambara groundnut (Voandzeia
subterranean) starch. Nahrung/ Food. 46:
311-316.

(2008). Structure and
functional properties of starch and flour

from bambarra groundnut. Songklanakarin

v ineeansuasinaluladnse s ansnaluladnManuasuaraRavngsiinwns Ininendemnalulagasueagissugd

Department of Food Science and Technology, Faculty of Agricultural Technology and Agro-Industry, Rajamangala University of

Technology Suvarnabhumi,



NIasmAluladniseImns unIngaeaeny UN 15 adun 2 nsngney - Sunau 2563 94

Journal Science and Technology. 30(Suppl.1):
51-56.

[14] Lutfi, Z., Nawab, A., Alam, F. and Hasnain, A.
(2017). Morphological, physicochemical, and
pasting properties of modified water

chestnut  (Trapa  bispinosa)  starch.
International Journal of Food Properties.
20(5): 1016-1028.

[15] AOAC. (2000). Official methods of analysis.
Association of Official Analytical Chemists,
Gaithersburg, MD.

[16] Juliano, B.O. (1971). A simplified assay for
milled-rice amylose. Cereal Science Today.
16: 334-340.

[17] Liaotrakoon, W., Liaotrakoon, V.,
Wongsaengtham, W. and Rodsiri, S. (2014).
Influence of dry- and wet-milling processes
on physicochemical properties, syneresis,
pasting profile and microbial count of job’s

International Food Research
Journal. 21: 1745-1749.

[18] Singh, G.D, Bawa, A.S., Riar C.S. and Saxena,
D.C. (2009).

treatment  and

tear flour.

Influence of heat-moisture
acid  modifications  on
physicochemical, rheological, thermal and
morphological characteristics of Indian
water chestnut (Trapa natans) starch and its
application  in  biodegradable  films.
Starch/Stérke. 61(9): 503-513.

[19] Thirathumthavorn, D. and Charoenrein, S.
(2005). Thermal and pasting properties of
acid-treated rice starches. Starch/Starke. 57:
217-222.

[20] Wuttisela, K., Shobsngob, S., Triampo, W. and

(2008).

simple determination in acid hydrolyzed

Triampo, D. Amylose/amylopectin

* Corresponding author e-mail: L_wijitra@hotmail.com

tapioca starch. Journal of the Chilean Chemical
Society. 53(3): 1565-1567.

[21] Correia, P.R. and Beirao-da-Costa,
(2010).  Chestnut
properties affected by isolation methods.
Starch/Stérke. 62(8): 421-428.

Al,

CA,

Millan-Malo, B. M., del Real, A. et al. (2013).

Effect of the alkaline and acid treatments

M.L.

and acorn starch

[22] Palacios-Fonseca, Castro-Rosas, J.,

Gomez-Aldapa, TovarBenitez, T.,

on the physicochemical properties of corn
starch. CyTA-Journal of Food. 11(1): 67-74.
(2013).  Effect of

hydrocolloids on the bread staling. Journal

[23] Poonnakasem, N.

of Food Technology, Siam University. 8(1):
12-20.

[24] Rujirapisit, P. (2006). Chemical composition
and physico-chemical properties of Chinese
water chestnut (Eleocharisdulcis Trin.) flour
and starch. Research reports. University of
The Thai Chamber of Commerce. [Online]
Available from https://scholar.utccacth/
handle/66269 76254/647. [Accessed February
15, 2020]

[25] Baldwin, P.M. (2001).
associated proteins and polypeptides: A
review. Starch/Starke. 53: 475-503.

[26] Lee, H.C., Htoon, A.K. and Paterson, J.L.
(2007). Alkaline extraction of starch from
Australian lentil cultivars Matilda and Digger

Starch  granule-

optimized for starch yield and starch and
protein quality. Food Chemistry. 102: 551-
559.

[27] Galliard, T. (1987) .

Morphology and composition of starch:

and Bowler, P.

Starch properties and potential. (1°* ed.).
John Wiley and Sons, New York.

v ineeansuasinaluladnse s ansnaluladnManuasuaraRavngsiinwns Ininendemnalulagasueagissugd

Department of Food Science and Technology, Faculty of Agricultural Technology and Agro-Industry, Rajamangala University of

Technology Suvarnabhumi,



Nyansnaluladnisenns unningagasu YN 15 adui 2 nsngan - SuaAu 2563 95

(28] Adkar, P., Dongare, A., Ambavade, S. and
Bhaskar, V.H. (2014). Trapa bispinosa Roxb.:
A review on nutritional and

pharmacological aspects. Advances in
Pharmacological Sciences. 959830.

[29] Sandhu, K.S., Singh, N. and Lim, S.T. (2007).
A comparison of native and acid thinned
normal and waxy corn  starches:
physicochemical, thermal, morphological
and pasting properties. LWT-Food Science
and Technology. 40(9): 1527-1536.

[30] Collado, L.S. and Corke, H. (2003). Starch
properties and functionalities: Characterization of
cereals and flours, properties, analysis and
applications. (1" ed.). Marcel Dekker, New
York.

[31] Na Nakorn, K,

Sirivongpaisal, P. (2019). Crystallinity and

Tongdang, T. and

rheological properties of pregelatinized rice

starches differing in amylose content.
Starch/Starke. 61: 101-108.

[32] Srirot, K. and Piyachomkwan, K. (2003).
Technology of starch. (3¢ ed.). Kasetsart
University, Bangkok.

[33] Marta, H. and Tensiska, T. (2017). Functional
and amylographic properties of physically-
modified sweet potato starch. KnE Life
Sciences. 2(6): 689-700.

[34] Gunaratne, A. and Hoover, R. (2002). Effect
of heat-moisture treatment on the
structure and physicochemical properties
of tuber and root starches. Carbohydrate
Polymer. 49: 425-437.

[35] Sriburi, P. and Hill, S.E. (2000). Extrusion of
cassava starch with either variations in

acid

ascorbic concentration or  pH.

* Corresponding author e-mail: L_wijitra@hotmail.com

International Journal of Food Science and
Technology. 35: 141-154.

[36] Beta, T. and Corke, H. (2001). Noodle
quality as
properties. Cereal Chemistry. 78: 417-420.

[37] Hagenimana, A, Ding, X. and Fang, T. (2006).

modified by

of Cereal

related to sorghum starch

Evaluation of rice flour

extrusion cooking. Journal
Science. 43(1): 38-46.

[38] Collado, L., Mabesa, L., Oates, C. and Corke,
H. (2001). Bihon-type noodles from heat-
moisture-treated sweet potato starch.
Journal of Food Science. 66: 604-609.

[39] Whistler, R.L. (1954). Starch retrogradation:
Starch and it’s derivatives. (1*" ed.). John
Wiley and son, New York.

[40] Ratithammatorn, T. (2016). Effects of
heating and cooling on structural change
and digestion of starch. Burapha Science
Journal. 21(2): 246-259.

[41] Senanayake, S., Gunaratne, A., Ranaweera,
K.K. and Bamunuarachchi, A. (2014). Effect
of  hydroxypropylation on  functional

properties of different cultivars of sweet

potato starch in Sri Lanka. International

Journal of Food Science. 148982.

v ineeansuasinaluladnse s ansnaluladnManuasuaraRavngsiinwns Ininendemnalulagasueagissugd

Department of Food Science and Technology, Faculty of Agricultural Technology and Agro-Industry, Rajamangala University of

Technology Suvarnabhumi,



