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Study the effect of the rice porridge process with sterilization

on the antioxidant properties of rice of various colors.
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Thesis Study The Effect of The Rice Porridge Process with
Sterilization on The Antioxidant Properties of Rice of Various
Colors.
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ABSTARCT

This research study investigates the effect of Fy values on the chemical and
physical properties of boiled rice that has undergone sterilization using a hot water
spray sterilizer. The Fy values of 4 and 6 minutes were set at a temperature of
155 °c The study used three types of rice: Hom Mali rice (fragrant rice), Sang Yod
rice, and Riceberry rice. In terms of physical properties, it was found that as the FO
value increased, the hardness of the rice decreased, and the color exhibited a
decreased brightness. In terms of chemical properties, the study found that the pH

value increased with increasing Fy values, while anthocyanin content decreased.
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Yy aw & Y | s ¢ = v Yy & | | ° )
EU'TJCVIG]EJLai"UL38U598U53ﬂ13q35m@§WLW"I"U LATENYINULUUEDIAIU I@EJmuLLiﬂm‘wi‘U



deuwmesludula weldlunsingamgdlunisnaaes diufiaesdmsuiinldlunis

PNAFBIAINING 3.1

UM 3.1 mudhefedegaidmiudeuaemesiudula durnaetidmiu

NN

3.5 NszUUMSEITBRIEANNTaUNE AL IIAUEY
mseiweluvilegwenuulduiseuausd meaaumall 115 ssrngadea A1 F,
2 o loun 4 uay 6 lunsvaaesinisldiaiesine F, Tnvardonsvaaausnsndalunis

f18MAINNS DY

sUfl 3.2 nifesiFonuulfiinFeuaidsd
3.6 N1SHIBUANTA2E1 N ITTUN5IAUSUNuaTSLAT
19179 UN NIUNITANT aAaUUA LT azLd an A 2eLAS pat uaLunUSEadn 890

PHILIPS 31 HR2068 9Mn1uded1981991u3u 5 N33 winiuniuea 25 nsu ldivgiuu
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A5 aaig 1S centrifuge THGERR Centrifuge (Mikro 220R, Hettich Zentrifugen,

Germany) 9131353 100 sausaudl tWuan 30 w1

3.7 N13A329a0UANUATDITIAY

3.7.1 M33AULTD

1% Texture profile analysis f81A5 99 TAXT plus (Texture Analyser, Stable
micro systems, UK) 16%ain P/50 gaumndivies ma1usa pre-test, test, post-test A 1,
2, 1 fadn3/Au 8n31dUAMUAY 70% (Xin et al, 2023)

3.7.2 N304

thinetfiflgumnlivinfugamgiivies ussasludisufmssnszusndmiuns
YaAnd vn1s¥aAnddaeinses Hunter lab (Colorflex ez, Hunter Lab, US) Tagviinisia
fhethsar 391 s AE Tneshetanasgufedndewihnisivedm
AE - /(Ly — L)% + (aj — a*)® + (by — b*)?
AMUNNEUDIAEIUTTUU C.LE LAB

L" = Tdimuaf1Asedng (Lightness)
A= 0 = Perfect black sample
|y’ =00 = Perfect white sample
a" ldivundunsvsedien

[y

[ aa
a +lu t NQUADDNLAT

[ Y aa IS
a +lu - WnUADDNLVYN

£%
a

b T vusdvas s eduku

billu +  Jngldesnindes

v
Y =) o

by - Amgidesniiiu

3.7.3 mMsaasgRUsunuasusznauiusanisnun

AnsgrilTunuaTivednisnuaniemaln Folin-Ciocalteu method th3auase

Y | a Y v A a o 1 _a _aa Y ' a a © Y
aza1e@I9gNAMITLTY 100 Jadnsunedadans Airog1vay 20 lulasdnsiinuinauy
USRS 2660 dadans Wina15aza1uA1udy 2 N Folin-Ciocalteu’s reagent 20
lulasans seneld 8 uril WWuansazaIuAUdLTU 7% Na,COs Usuns 300 lulasans

2 3

wanliid iy uniigaumgdiendunar 2 47lus dluinAinisgandunasiieinsog
spectrophotometer (Genesys 10S UV-Vis Spectrophotometer, Thermo Scientific, US)
NAUEIAAY 725 UlULNAT AUIUKIUSHIAL Total phenolic TastusauLisuainns
1MIFIYBINTALNAAN(Habila, etal., 2010)

3.7.4 A15AS1TIUSUNUEswau Inlwan iy
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175 Wios-AvinotsuLtdoa (pH-Differential method) AALUaI1NTT VD
Wrolstad(1976) laginfaag1su1tdnaneniy @15azats KCL buffer pH 1.0 Tudnsidau
1:100 uara13a¥a1s CH;COONa pH 4.5 Tusnsrdau 1:100 feislifigamgivionduna
30 WA mé’amﬂﬁuﬁﬂﬂi’mwmi@mﬂﬁuLLméf’;8Lﬂ‘§aq spectrophotometer (Genesys 10S
UV-Vis Spectrophotometer, Thermo Scientific, US) ﬁﬂ’s’mm’.}ﬂ?{u 520 nm tag 700
nm wansadiuindadnsuvesweulnlveniusiudednsvosansazats antulumuaa

AYAUNIT

Anth _/mgy _AXMW xDF x1000
nthocyanin (T) = %1

1oy A= (Asy - Az00)pt 10 = (Aszo = Aroodpri a5

5o A fle Amsganduuans

MW = dnsnalianavaslseilfu-3-nglalen 499.2 nusielya

DF = dilution factor (M3vili3ea19ilAn 100)

€ = Imaﬁu,a‘usuauaﬁﬁsumlﬁnmﬁﬁu-}ﬂ@ﬁﬂl%é 26,900 L/mol/cm™!

| = swpe A svesEIR(wURlLRS) Tl Tamganduuas
3.8 JATIINSEDR

audunimaasslagldnisnaasauuuanysal (Complete randomized design,

CRD) Tagvhmaviaaes 3 41 ihdeyadlduTinseinuidsusudiels ANOVA nty
W3suLfisuaad i85 Duncan fiseiuauid ety 95% faelusunsy IBM SPSS

Statistics v.28

und 4
NANISNAADY

4.1 ALY
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NFUN 4.1 nudravaainnseelagadudieglugaluauvue viliinalad
2 = 1 < a [ a o a < ¥
ANULTTIANAT FULEAIAIANULTIIUANTIN 4.1 Wuddlayinnsiia Fy a0 4 10w 6 9713
Y77 FFINeA waztlstwessiaanudanad wanslmiiuinssegnailunisaindien
X o ' < a < VI oa gy & & v a
WnTuinasienuuls 91n3UN 4.1 ulandddsseznaumlunisanie waad1iasd
NSUANFBNNTY derAdesuNUITeNaveTzezIaLaveum)lsnesienmnMYedldn
W3PUFUUTEMUUTIPINDININE (W19R ,2557) lana1vin seesiantumssineniiuyull
NARBNTANAIAILLINNNIQUNTITIgeTY

A9 4.1 Arpuudsesindnisginiuniseindion Fy windu 4 wag 6

AAIULT

(T61U)

Fo 4 6

91 | 2321.61 | 1237.45

dmlsdueds | 2379.55 | 1437.25

ddsdven | 2842.99 | 507.97

SURM 4.1 91N9URIUNTH LD, HIUNSELTeN Fo=4 wag 6 lnatsesanngraluu wang

U

411971 INFWren ward13bstiuassanuuluans
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4.2 A"g

A9199 4.2 ANFVIVNIFANNHIUNTANTN Fy AU 4 uag 6

ANEYDIUN AINIT

YAV AF, RIGEPIRIAR
L* a¥ b* o
dlanesiu (AE)

4 65.94 £ 0.18 | -258 +0.05| 197 +0.35 5.49 + 0.94

41N
6 63.16 + 0.00 | -2.51 £ 0.10 3.13 +0.41 13.00 + 3.37
) o q 1793+ 1.21 | 10.05 +0.21 473 + 0.35 588 +4.17
I1IL5BUDTS
6 19.01 + 3.39 8.27 + 1.35 473 + 0.65 | 1594 + 13.46
) q 41.05 + 0.38 7.67 + 0.93 9.78 + 1.49 | 48.17 + 12.08
Y1V

6 43.79 £ 056 | 516 £0.07 | 6.82+0.38| 95.18 + 18.37

INNNILATILITNSLUAURUAELAETIUVBITNILABLYRA WUV AINTS
Waguuwlated 5.49 - 13.00 913lsdluess 5.88 -15.94 d1adedvien 48.17 - 95.18 910
AN 4.1 WUINUAATMIAHIUNITLNT DT NITWANGD 213915 AnT 1Azt et E
a o v ¢ el A v & v aa v a Y ° v P o '
Wiy Iilsdiuessidentuazidetnidlnalfesiu inlviaudsuwdasdeyluas
Usgunaunuy waludMddven Jaasnwaziiat1idnienu Ineunalunisne 4.2 wagnn
7 4.1 1es1eRnUddsdnen Inisuandivaauandy vinlian L* iudu 9 Fy 91 6
AWINAY 43.79 Answdsuuwdasdlagsiuiienasiian fe 95.18 AMNAITNHANITIATIEN

A oA PN N Al Y a Y = ¢ ~
A A1 FO n4a llﬂqﬁﬁ/ﬂ,ﬂaLﬂﬂQﬂUﬂQUﬂqiﬁwgﬁ/@Jqﬂﬂq@l

v S
4.3 Ysurauwaulnloaniuvestnngnes

MUt ANt suER AR BlUIUea LazriA1UI UL Ulnly
911une7s pH-differential wundusuaansueaulnlgerduludniniunsanden Fo=4
wa 6 dUSunanas Jusinalundndudianyinevainssuiun1sdnden F=4 lud1ivn
IMFenen kazd1lsdiuess Wy 2.73 63.06 Laz12.05 auaiau Ysunalundndue

v & A v Y o ¢ % ¢ ol | @
FAVINEVINTLUIUNTAWTON Fp=6 Tudnv1 11adeduen uazd1ilsdwess wiadu 0.0

o @ < 0 1 dy a 1 1 a
0.14 kaz0.12 MUY AANANINAADIRULAINNTZUIUNTU TN UIEINaRDUTU

waulnlaenfiusgrunuladn



A1919% 4.3 wavesUsinameuly e turesIAUER 19 NATFR19AU

cyanidin-3-glucoside equivalents
(mg/100¢9)
Fo before 4 6
41U 51.02 + 13.92° | 2.73 + 1.57% | 0.00 + 0.00°
dnilsdiuess | 75.60 = 7.26° | 63.06 + 1.86° | 0.12 = 0.01°
Idven | 63.89 + 4.83° | 12.05 + 17.04 | 0.04 + 0.06

14

4.4 Ysunauiluadn

MnmsvnUTIaiuednde Folin-Ciocalteu method USanauituedndiinunissin
ofidian Fo=a war 6 TuTunafiifinduedislifidoddey Tunismaassldiinisdunlugs
Snesnuazndsnsaidonudtuimaniigngeduluaunun dsldaenndostunuide
vosuindns uaz wiugr (2561) WWhmaednluthdeiusinanh 1.5 whwesFuiadn

a

wazingnaaduluauun wagldlieudouiiguvgdl 115 ssanwadoa wuinuTuod
ueAnludniiviinaifindu wardsaonndostun1smaaeiues Zhao wasaniy M3lvinn
Yourudnnddaeaiaviliiigngaduaunua vinls protocatechic acid Ta.dunsad
ueAnfleglugUuuudasy fUSutaafinduds 4 wh Chattongpisut uazame l¢ina1i1ns
WisUFafluednuuudase lildAnannisunnitusevesiiuednilidasy usAnainns
gangsivesuaulnlyeiiu lneausouasluaarenusylnalalasves cyanidin-3-
glucoside Fanusnnludn azwdsusuiliu PCA mwidouiinasenmautinisnenmlag
Fnfunslirafouuny

nl' = = a 1% Y a1 4:1' 1 1 U
19199 4.4 masuaw'immeuaaﬂ%aammmmﬂﬂmeomﬂﬂu

Phenolic compound

(mg gallic/100 g)

FO before q 6
41U 0.03 + 0.01% | 0.09 + 0.00° | 0.10 + 0.00°
dlsdueds | 012 £ 0.01¢] 0.16 + 0.01¢ | 0.15 + 0.03¢

IMdsTven | 0.11 + 0.00° | 0.12 + 0.01¢| 0.15 + 0.02¢
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unil 5

dyunan1Inaasy

caa

AINANSANBIANYINAVDINTZUIUNITVINT IR UAIENNSU T DL UUALNDS LAt 735D

[ a ¥

AuanUAnNIAueYYadasrYeslMildvilaciieg AlensrurunmsulssdingAudnndviia

9
A dundnsiaritnaundenuslaaussggeinese TusunaauiiniaiunienInF, 7 6

41715910093 waz Idnen danuudsanas wuzduuilaafisesnisdadund

a

anwauptly wasliaNduTwiigurTuUsTEN AL wWiludiv Fo 91 6 Ja7RA Fo 9
4 Faduiunzaudmsudnie luguaud@nisaiuedl Y3 afluednuusuniuiu

USunaaulnleefiy FeUsunuduedmfiudy naunuusunakaulnleetuluanas

a

-dl ¥ 1 ¥ a | a d‘ = 1 1 a v
LUDIINABDINIUAINUIB UL Jsunaunusany Fo 91 4 Lag6 fanuuanangegneliiveey

d1fey n1sfnwil Fy 14 Jadunismeassfifngedmsudnsuniouuilan
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a6

Tests of Between-Subjects Effects

DependentWariahle: L

18

Type lll Sum of Partial Eta
Source Squares df Mean Square F Sig. Squared
Corrected Model 10735.355° a8 13418148 751.320 =.001 897
Intercept 44393.735 1 44383735 24855380 =.001 995
rice 10442 853 2 5221427  2923.398 =.001 997
FO 26.805 2 43.402 24.300 =.001 T30
rice *FO 205,697 4 51.424 28.792 =.001 BG5S
Error 32144 18 1.786
Total 55161.238 27
Corrected Total 10767.504 26
a. R Squared = 997 (Adjusted R Squared = 888)
A151991 1.2 NSNAFDUAMNLANAINYBIAT L* #2875 Duncan
L
Duncan®"®
Subset
riceFd il 1 2 3 4 ] i T
r 3 151600
r2 3 17.9267
r3 3 18.0133
51 3 31.6600
52 3 41.0500
53 3 43 7867
w3 3 631600
w2 3 65.9400
wl 3 67.2433
Sig. 1.000 333 1.000 1.000 1.000 1.000 248

Means for groups in homogeneous subsets are displayed.

Based on obsenved means.

The errorterm is Mean Square(Errary = 1.786.
a. Uses Harmonic Mean Sample Size = 3.000.

b. Alpha= .05
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Dependent®ariable: a

Tests of Between-Subjects Effects

19

Type Il Sum of Partial Eta
Source Squares df Mean Square F Sig. Squared
Corrected Model 796.452° 8 99.556  247.480 =.001 981
Intercept 619.108 1 619.108 1538.991 =.001 988
rice T62.540 2 381.270  947.769 =.001 981
FO 19.675 2 59838 24.455 =.001 731
rice * F0 14.237 4 3.550 5.848 =.001 GE3
Error 7.241 18 402
Total 1422801 27
Corrected Total 803.693 25
a. R Squared = .991 (Adjusted B Sguared = 887)
A157971 N.4 NIVIAFBUAULANAIIVBIAT a* 6835 Duncan
a
Duncan®®
Subset
riceFo M 1 2 & 4 Gl i
w1l K -2.7400
w2 3 -2 5767
w3 3 -25133
g3 3 51667
52 3 7.BBGT
ra 2] 8.2v00 8.2700
z1 3 9.2067 9.2067
r2 3 10.0533 10.0533
I &l 10,5733
Sig. 684 1.000 254 .087 114 329

Means for groups in homogeneous subsets are displayed.
Based on observed means.
The errar term is Mean Square(Errar = 402

a. Uses Harmonic Mean Sample Size = 3.000.

b. Alpha= .05
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A157199 N.5 NNFIATIENANULUTUTIUVBIAT b* NlRANNNTNAaDY

Tests of Between-Subjects Effects
Dependent®ariable: b

Type Il Sum of Partial Eta
Source Squares df Mean Square F Sig. Squared
Corrected Mode| 321.305° g 40.163 64.977 =001 HE7
Intercept 808.083 1 808.083 1307.335 =.001 986
rice 267.220 2 133,610 216157 =.001 60
FO 5741 2 2.870 4644 024 340
rice *F0 48.344 4 12.086 19.553 =.001 813
Errar 11.126 18 618
Total 1140.514 27
Corrected Total 332431 26

a. R Squared = 967 (Adjusted B Sguared = 852)

a ' | Y aa
A1319N N.6 NITNAFDUAIULLANNINUDIAT b* @835 Duncan

b

Duncan®®
Subset

riceF0 I 1 2 3 4 5 B
w1 3 800
w2 3 1.9667
w3 3 31333
r2 3 4 7267
ra 3 47300
I 3 61267 6.1267
53 3 6.8233
52 3 57833
51 3 11.7567
Sig. 1.000 086 052 282 1.000 1.000

Means for groups in homogeneous subsets are displayed.
EBased on observed means.
The error term is Mean Square(Error = 618,

a. Uses Harmonic Mean Sample Size = 3.000.
b. Alpha= 05



AN5199 N.7 NNFIATIENAMUBUTUTINYBIAN delta E Ml9ann1snnass

Tests of Between-Subjects Effects

Dependent®ariable: deltaE

21

Type Il Sum of Partial Eta
Source Squares df Mean Square F Sig. Squared
Corrected Mode| 18309.418° 5 3861.884 33.335 =001 833
Intercept 16215.076 1 16215.076 139.966 =.001 821
rice 15658.652 2 7829326 G7.581 =.001 18
FO 2322.709 1 2322709 20.048 =.001 626
rice *F0 1328.057 2 G64.029 5732 018 489
Errar 1390.204 12 115.850
Total 36914.6597 18
Corrected Total 206599.622 17

a. R Squared = 933 (Adjusted B Sguared = 805)
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Tests of Between-Subjects Effects

Dependent®ariable: phenolic

22

Type I Sum of FParial Eta
Source Squares df Mean Square F Sig. Squared
Corrected Model .03s® 8 004 24 377 =.001 8916
Intercept 354 1 354 1983815 =.001 991
rice .022 2 011 62.388 =001 874
FO .010 2 .005 28.304 =.001 759
rice *FO .ooz2 4 001 3.408 031 431
Error .003 18 .000
Total .382 27
Corrected Total .038 26
a. R Squared = 916 (Adjusted R Squared = 878)
A157971 .2 NINAFOUANULANABIUZHTLEANAE3E Duncan
phenolic
Subset

riceF0 I 1 2 3 4
Duncan®® - w1 3 0333

w2 3 0893

w3 3 1013 013

51 3 077 A07T

r1 3 1223

52 E | 1233

r3 3 1467

53 | 1510

r2 3 16560

Sig. 1.000 A28 073 474

Means for groups in homogeneous subsets are displayed.
Based on observed means.
The errorterm is Mean Square(Error) = .000.

a. Uses Harmaonic Mean Sample Size = 3.000.
b. Alpha = .04,
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AMANUIN A
=Y '3 = aa
fﬂﬁ'}Lﬂi']g‘ﬂlﬁ&l’]mLLau‘[w‘l‘ﬁﬂquuﬂqx‘lﬁﬂﬁ
A19197 A.1 NFIATEiaLLUsUT MY sUSinaeuInlsiuiileainnismeans

Tests of Between-Subjects Effects
Dependent®ariable: Anthocyanin

Type Il Sum of Partial Eta
Source Squares df Mean Square F Sig. Squared
Corrected Model 255641457 8 3195518 50.804 =.001 858
Intercept 24026.037 1 24026.037 381.981 =.001 955
rice 3800.286 2 1945143 30.825 =.001 775
FO 18328.216 2 59164.108 145697 =.001 942
rice *FO 3345643 4 836.411 13.298 =.001 747
Error 1132173 18 §2.898
Total 50722.354 v
Corrected Total 26696.317 25

a. R Squared = 958 (Adjusted R Squared = 838)
a ! a a Y aa
M990 A.2 ﬂ’]'iﬂ@]ﬂ@‘Uﬂ’J’mLLG]ﬂG]’N“UQQUiMWmLLQUIMI%HWUNWUEJ’Jﬁ Duncan

Anthocyanin

Duncan®®

Subset
ricefFn I 1 2 B
w3 3 .0000
53 3 .0000
ra 3 170
w2 | 2.7330
52 3 12.04893
w1 3 51.0223
r2 3 63.0640 63.0640
51 3 63.8877 63.8877
r 3 TE.E003
Sig. 10 075 .08z
Means for groups in homogeneous subsets are
displayed.

Based on observed means.
The error term is Mean Square(Error) = 62.898.

a. Uses Harmonic Mean Sample Size = 3.000.
h. Alpha= .05,





