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~ Effects of Processing, Storage and Reheating on the Amounts and
‘ Capacities of the Antioxidants of Ready-to-Eat Rice in Retort Pouch

Kwanjit Anukulwattana'’, Khanittha Srinual’

Phetchabun Rajabhat University, Sadiang, Muang, Phetchabun 67000
and Anek Halee?

Kamphaeng Phet Rajabhat University, Nakornchum, Muang, Kamphaeng Phet, 62000

Abstract

Riceberry, a Thai variety of rice, is a dark purple whole grain rice, which is rich in antioxidants.
When the rice is processed in a retort pouch, the shelf life of the rice is extended in addition to making it
more convenient to consume as a ready-to-eat food. This dual benefit is very appealing to consumers who
are looking for healthy and convenient foods. However, the production, storage and reheating of the rice
may adversely affect the amounts and capacities of the antioxidants. Therefore, this study was designed to
investigate the effects of processing, storage and reheating on the amounts and capacities of riceberry
antioxidants. The results showed that the processing of raw riceberry into the ready-to-eat rice in retort pouches
caused a marked decrease in the amount of anthocyanins by 83.27% compared to that in the uncooked rice.
Moreover, the amount of phenolic compounds and the capacities of antioxidants in riceberry, as measured
by DPPH and FRAP were noted to decrease when the rice was washed but increase after being reheated.
Therefore, the new ready-to-eat riceberry contains a higher amount of phenolic compounds and antioxidant
capacities compared to raw rice. Natural antioxidants retained their activity after sterile thermal processing.
Nevertheless, the ready-to-eat riceberry nutrients gradually decreased upon storage at room temperature
for 180 days. In terms of the effect of the reheating method, microwave heating could better maintain the

antioxidants and antioxidant capacities than boiling in water.

Keywords : Antioxidant / Anthocyanin / Phenolic Compound / Ready to Eat Rice

* Corresponding Author : kwanjit.anu@pcru.ac.th
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2.3 NMSANAAITHNUOYYABETZIINAIBENY
nsafpansiuoyyadaseinuasinisves
Zlotek wavany [20] Tngvinnstusiesnslasidunde
wipsty andutasethesiuau 5 ndu uamiuea 50
fiadans iU uuedoagnasiinnands 100 seuse
Wit unan 2 2l nsesdnenseatunseues 1 vhns
aftaseitiudnad udnhansataildiaesnsansui
U$uusnmsliasu 100 fiaddns sswmnueaussldvan
ﬁ'{lmé’waxqﬁtﬁﬂumaénﬁaﬁﬂﬂmaauauﬁ’ﬁwmmiah”m
selulavansafpiunluguvesiminuesd

2.4 MAwsevivTununeulnleeniiu
JiasevUsunaneulnlgeniunismaia pH
differential method laganuUasa1nIENI5UBY Giusti
wae Wrolstad [21] lgUwiwas KCL pH 1 way CH,COONa
pH 4.5 ?ﬂﬂ'ﬂmiqmn%uumﬁmmmmﬁu 520 way 700
wilung Annuinaueuvleetiuluzuves cyanidin-
3-glucoside Tneiiasmseunndl

Anthocyanins (mg/100 ¢)=(AxM,,x1000)/(Ex1)

do A = (Asp- Arg) PH1.0-Asz0- Argy) PHE.5
M, =449.2 ¢/mol for cyanidin-3-glucoside
€ = 26900 molar extinction coefficient in
L/mol/cm for cyanidin-3-glucoside
1 = pathlength in cm
1000 = conversion from g to mg

2.5 mMelanziUTiuiueanaun

AnneUiinaiiuedniaadnewmaina Folin-
Ciocalteu method laglginsaunadn (Gallic acid) 1uans
wmsg Gunnnshansatindiegiaiings 200 lilas-
303 WWuasavane Folin-Ciocalteu's reagent 1vinnns
Benaethngu 10 wiiues 800 lulasans iuthndu
U3uns 4 fadans wenlidtuududnansazanelanes-
AsuBIUA (Na,CO,) ANNNTUSoray 7.5U3um5 2
faddnsiwelridnty 2wl wuhndy 3 Naddnsiwgli

vy v d da o a v 1Y) Y o
NY LﬂU‘LﬂUWNWWQWWQNM@Q 2 ‘U'JIJN ANUUINATINTG

- - - °
Qﬂﬂauumwﬂ’)’mm'}ﬂau 750 u’ﬂuLumi NINITINAADN

Wamun 3 41 dwsu blank M nduunuansaaietis
wazldnsaunadnfiaududy 5, 10, 20, 50 way 100
lulasnfusefiaddnsiluaisazaruinsgu laevinnis
nnapsuiETuasatinfegiulnedsuanans
afnfedaduasavareuinsgiunsaunadn udnien
Fluadnsmhinasgu ninduthsaiildanmsmeaou
asannandnluvieudisufunsmaasgiuilesun
wUSinaansuseneuiluednsiu [22] Tnesreaunaly
e mg gallic acid AoAI9E19U12 100g

2.6 Uszansnwlunisdnueyyaddss
naaeuUsavsnmlunisiuanseyyadase 275
D)

- DPPH radical scavenging ability laglt 2, 2 -
diphenyl-1-picryl-hydrazyl radical (DPPH) Lﬂuauu‘,a
Sasy Suanmsiansatndegnaiiunsg 150 lulasdns
Tdlunaeaveasudivaisazaiy DPPH A bty 0.6
fedluans Usunns 3 faddns wenlidnfuiuluiie 30
il figaumniivros Farmsganduasiienuenaiu 517
wiluns dmdu blank Wehnduwnuansadadedauat
T4 Trolox AuENAY 25, 50, 100, 300 wag 600 uM LJu
aswmsgiu thadldluadensmunsgu g
flganmmegevansatnaniegsdnluisuiisu
ﬁ"unstmmsﬁwmﬁaﬁwu’amvimwéﬁwuaymﬁaﬁaixiwmu
ralumiaees pmol Trolox Aefaet a3 100g [23]

- Ferric Reducing Antioxidant Power (FRAP) Tne/lef
FRAP (uayyadase Buantinensafndhegesinms
150 lulasans ldlunasaveassfinaisazale FRAP
Usuns 2850 lulasang nanliidnfudvludida 30 wi
fgnmginesinrinisgandunasiirimeniniau 593
wiluns d1v3u blank Wihnduunuasatadodiauas
14 Trolox ANty 25, 50, 100, 300 wag 600 pmol
Juansuinsgu srenunalumiagyes umol Trolox A
f79819912 100g [24]
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x 3, Namiwﬂaamaz%msai
3.1 wavesnsuUTzuAaUSIIMLAS
Uszansnmnisitueyyadase
HavaIN swUTIUReUTINRILATUSEANEAINNNS
Frupyyadaszuansiamn et 1 wuih ghuinlsdiueds
fUsinauweulnleeniuwiniu 70.79 me/100 g Wieru
nszuaunsuUsgy o msdneh nasu waznssid
Frendedimnuduiigumgll 115 ssnwada nan 25
wi Vainaweulvlseniiuludanasdesy wie 62.27
41.14 wag 11.84 mg/100 g MUANY YiNlWuARN a7
wiouuilnamdsUinaueulnlseniuifivsiosas 16.72
Pndiinaduduridy desmnueulnlseduludnd
snvagludiureunfle warliaiaiusiunduyad
Jenglugudasy ylfuoulnlodudumsiiarareh
Wine aunsagnazdrsoantuiuihillflunisuusguls
(6,7] Finocchiaro WazAny [11] swmuiwﬁwﬁ%’uﬂsgu
InATvTuuasiveyyadasygiisiesas 57.66 A

A
@

agiu wenaniluoinlsefudaduasiliades o
Tounusoussiinujisersandindunazaaisiiedie
5901571A8 Hiemori wazag [25] 57897477 A5
ANuTouTtuauiuvilueulvlegiulutide
vpaundnesiie (japonica var) anasfissaway 80 Surh
and Koh [26] nuinsia wasnssudmdmuonnng
vwaulnleenfiuanasfisdovar 94 uay 77 aua6U
dmiuUsinaiueanymunlud1afadudurinfu
85.03 mg gallic acid/100 g ey
fuednildranas uriddorunsliaufeuisanmsms
wazmssidosesuamoslad Usinafluoannduiieiuiy
linanduedansenudlaadivTuiaiuedniniy
85.05 me gallic acid/100 ¢ Jsliunnsnsegrsiifudfy
v9Edd (p>0.05) fuuSunaudusy (85.03 mg gallic
acio/100 ¢) ansuszneuilueaniiegnieluadiiieguuuy
3ast (free form) Fsanunsaazaneiinld waswuulidasy
(bound form) Flilavaneth fleswniinsadreiusyiu
ansusenoudu Imﬂmnﬁnazimagjﬁuimaqamaaﬁnma

Tuguvesansusznaulnalaled vieswdiuasseney
fuednmetuemseiuaisuseneudus) wu nsndun3e

nsnerilu woamasss AUM wavmosiuses Jusu

v
o °

faifu nsutii uFensEraihdseinsavih linnsgeyde
USuuansusznoufiuedniieglugudassld [27] Walter
wazany [9] 1o0wd Tunswded e dnnsgeyde
USunauansuszneufuednuseanu 10-40 mg gallic/100 ¢
Tutdnaildutdm dmsunavesnufoureufinuiiuedn
thu nsinwieumihildsenuin nstdmnuseusindu
amvdniiliuTinaasysenoufiueanlustyiisine
anad [9, 11, 28, 29, 30] laglawiznsiiauiouluy
Youtuluannsiifeendiauardusinisidenaasan
Ujiseneantinduvesansusznauituedin (7, 30] urdwmiu
wams3feil delwaudeuundn Tnsmayedinlu
Failvzinanh 1.5 wiwesiinadnuanhigngadu
dnluludnauvun wezmslvinnudeusentetanudu
figaumnil 115 ssriwaifua nan 25 wiit nduvh i
asUsznaufiuednludiivsinandivnndy delna
aonndBITUNISNARBILEY Zaupa wavAE [6) Finuin
nsiiaNSeuundndmnaeisivenld (risotto, In13
andutihnduidhinaumue) ¥ili protocatechuic acid
(PcA) Fadunsaituedniiddryeglusuuuudass Tusina
daduds 4 wih lueeinsaituenelindu viaguuuudasy
W4 m-Coumaric acid Sinapic acid O-dihexoside Way
wuulaidase Wy ferulic acid p-coumaric acid HU3una
anas lWuLAEAUNITIT8v89 Chattongpisut wavAny (1]
wu1 msbianufeunndndiisienisyslunionsim
warldvsiofsmnuduiiguval 121 swnwadea nan
15 unit vhlsfUSIes PCA wind 2 wi wag 3 wh an
FagAiudn sy nMefsturesUiuafiuednuuy
Sasyil Iz.ﬂ.ﬁl,ﬁmmnmsamawaﬂuaanLmuhiﬁaixﬁgn
waNWusEeen (6] walinainnsaaumvoieulnleentiu
Tneanudeusrluaanswuselnalalenves cyanidin-3-
olucoside Fuunavlvlerfiufinuniiaeludn Iy
cyanidin LLazﬂqiﬂaﬁasz Mé'amnﬁv’mmmu A ey B
994 cyaniding sflennadosiluaninzidunan oz
LU%‘UUEULTJU phloroglucinaldehyde wag PCA auadau
(1, 6, 25]
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Kan1sIATIeiUsEanganlunisinueyyadasyues
dnlsduesinutingivin suflwanfusidnlsdvesd
wieuuslnAussyqeivedauanidansnad 1 wuih et
dunszuaumsdnah Usyvsnmmsiueyyedaszues
dmilrnanas udveidniuanniy devhdiafuss
NSTUIUNIIM warmseidodaendiodinudu  Tae
wanfusitnlsduefineuvslnaiiussglugsivesn fim
nsRueYYadasegInd1 viselduansinaiuingAutn
IsdiueitiiloTnie38 DPPH uaz FRAP muddty viadins
af1u38 DPPH way FRAP 19lilliaenndasiusianun
dosnassitidnalnlunimageunisiueyyadase
uavnAuvesIN FuByyaBass Nty dufudeedld
nsvaaoulsEAnsamlunisiueyyedasevansiBiile
Wiuidieuiu 1ee38 DPPH Wunismageuauainse
lunslvlelasiauernenvesansiueyyadassunayya
daszvea DPPH® uazds FRAP iun1svadouauaunse
vosansauayyadaselunisiiideyyadassdansien
ﬁxﬂuﬁumu‘umawaﬁas:ﬁLﬁm"ﬁummuﬁﬁuma [31]
aglsimumsiiaseinilssdnsnmnisenueyyadase
438 FRAP uay DPPH Srufuileussiiufanssulay
VI TIIUBYYadase (10, 32, 33] UseAninmnis
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Frupyyadasyrest i inde3 DPPH uax FRAP §l
AuduiusBauIneglussauuniuyinmensuseney
fluedn lnefirndusyaviavduiusiviniu 0.77 way 0.79
auddy waneirasuszneuiiuedniduansdrdoyid
Uszansnmlunisiuoyyadastludnlsdiuesd wazlu
939U Wy sfauess uudnueds wiaurand d1oand
F1218m Taw (Jusiu [9] usieealsinuuszansaanwlunis
Fueyyadasyldlituag fuuuasussnauiiuedn
Wissodaien wituiulassademaedivesansiudae
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