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Changes in Physicochemical Properties of Brown Rice,

Parboiled Paddy and Parboiled Brown Rice during Storage
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Abstract

Brown rice (BR), parboiled paddy (PP) and parboiled brown rice (PB) from a Thai rice variety

(Chainatl) was packed in sealed in sealed in polyethylene bags in order to investigate

the effect of storage at different temperatures of 4'C, 25'C and 37'C for six months on the changes of total

lipid, free fatty acid and pasting properties. Samples were evaluated every month. Results revealed that total

lipid, free fatty acid and the RVA pasting values of the rice flour changed during storage. A degree of

changes depended upon type of the products, time and temperature. Storage of BR, PB and PP at 4"C

resulted in less change in total lipid than those stored at the higher temperature (37'C). At 25"C, the total

lipid of all rice samples gradually declined (P<0.05) after storage for six months. Free fatty acid of all samples

were significantly (P<0.05) affected when stored at 25'C and 37'C whereas it remained unchanged at 4"C

during storage for the first two months. After six-month storage, the free

fatty acid significantly (P<0.05) increased. Study of starch pasting property by using a Rapid Visco

Analyzer (RVA) showed that at higher temperature, the pasting property had greater changes in all rice

samples and it was retarded at low storage temperature.

Keywords I Free fatty acid, pasting properties, brown rice, parboiled paddy, parboiled brown rice
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t2.73]{..1g' 12.32*1.27'o" 12.29*{.06\

12.77&.36' 12.17*0.36* r2.09r{.100

12.76+0.14' 12.06{.04b tt.tO+0.:O'

12.68+0.28' 11.87i{.05" 11.02*0.n*

12.62jf,.tL' 11.S5{O.lc 10.89*0.08d

rz.n!n3o' 12.73*0.30" 12.73*0.30"

12.79+0.11' 12.63+0.36$ p.66]"t).14'

12.6sl'{.17' t2.30+0.07- t2.50+0.13'

12.53$.10' 12.13+0.055 12.20{.0.096

12.83a{.15' l2.l6t{.1s" 12.00{.08b

12.74J'{,.20' 12.1,td0.05* 11.14+0.13"

12.67!4.39' 11.95$.79b !0.64*{.22r

12.68*0.23" 12.6810.23" 12.68&.23'

t2.41*0.35' 12.70+0.56' 12.55+0,43*

t2.67J{.22' t2.56+0.03t 12.24*1.06&

r2.5r*0.57' 12.55+0.04' 12.014.076

12.71+0.10" 12.39r{..Mn tt.ztno.oso

r2.63*0.r0' l-9410.65o 10.89ro.10'

12.77*0.18" 1t.05+0.04" 10.20{0.02"

of,e a columtl meaos lollowed by l[e same lefier ate not slguncanuy drnerent al
Duncan's multiple range tests.
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nil n t: tfl u9r?ou 1.: fl I ? na 0 { u { ttau I 1 ?[u a 0 Ru':
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Yt o ill ?t fl tJ t9t u'l fl u ctr.l t tfl n n 1 { n u n I : a q n': I o'l ft'l
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t{rJ uvr{14 ua mfl u t9tsgtt0u fl u n1:tnu: nutYl

9vl

o ilr il n u^ d'l fr'.: fi rfi o I ru r o I n n : v u ? u n r :'l a n : o'l aqq{

fia 6tyarotysis) ltdu oon6rq#u (Oxidation) tfiot
t9

1 d'.i r u fi dr { g flr ?f a fi fi r'iu : r u { r u I e u Sowbhagyaq{

t44^
lta3 Bhattachya (1976) tsu mqililQtJ 37"C ila{

dqrYdt4tl
o]nfl]:tRU9t?0u1.11]?tlju[?at 6 t9t0u l'lu?]nt

u

'hriuri'.rilruqro.r BR aqa{ G<0.05) rrn 3.56vo
dtfd-A

Llllt 2.42Vo t5Ut9lfl?nil PB ttav PP cr{AqA{1]R

t.24vo tflu 0.537o LLay 1.07Eo rfju o.:tz, nrru
| < tlYu I t4 - J

a 1 q u t r n n]: a q o { 0 u I {n t u l9r T9r1 0 {n 1 [1 tJ u 14.1

i .rtslt o ri
il rJ n fr { dlil r: o a: rJ 

"[d"i r sR rn n n r : til d u u t til a.l
iadurola

d{Yt d9 n o il R t: d 9ra {fl 0.1 tlu u Yl { ?l u 9r 6r { l . I 470

"ilultuvm PB nqa': 0.7170 tta3 PP 090.1 0.5670
, !, o a d u I I i o-

rvi r u u iir r f u n r: tnu st r o u r{ 1h'r yr q iu il I il 25'C
cty | 4 v A I 14 - J
tililnnr:vt9rdoursutou?nu fl 0 nl t1uuYl.l11rua

Aa&
a{a.:tuot'ta lnt: tRlJ utu 1Ju

^dtl4aaJ0't fl R I : ? tn T I v lt 1'{ 1l'l't t lJ tJ u tn 0 u Yl.: 14 u 9l

,io^9-J^r<
ouYtu:[']6llt't?uon10.l1l? 9tiuu tut v14?1{nl:[nu
v I ,q
:nutrtnfl .t?ou 

[u6rfl t?vfi rrrurvaru niu rjirurorq

j
0 0 fl erto u n4 tJ r e dil q iu ?l Q lJ t?l tJ I & dlJ t to u t? a 1 Yl

r?nJrsdrJ ovrfinrJq^fi?u rnr:doudnru lufud'ru
d ln d tA tn q dt ut u6

rou tcril lilouudRtl'|1]n tlilutljun:q t1ruu06I:v
ia, d 4 L -
yr lil u d I?1 E zu o { n r: rfi tJ u l.f u uu [0{ q n lsu Piggorr

ueq 4r - J d r

rravfl0rv :tu.ilu t? tulJ l99l 9t.luu0v[1.1u?l
glrtiolot4ot4at^^a:

tt?nao{cr{ilil: u'r6u tluuogq{0{[nnilan: ulu
n 

'/f 
| | l4 d q 9) c) A It

t91.1'lu t[9t0uln t:nnlil tulJl?nn0{u{ tlavll?
f4 ^i 

qY 6t 4 v 4
lila 0 nu il tilp{ a ntt yl 9roo.1 luuu ?vl l{tq u ?nu n0

tY
tnq4r<s.n:q tliluod:vtv'ttJ1u0u1'1:?qt: ? t9tutilil lv

'Aiduty
O U'l{ U.l Yl : s U Y t? A 1 nl : In U fl ? OU'l{1J'l ? U'l u 1 [ [a v

aod.iq
ofuilnillu n1: lfr u d{fr .:rrda{ru dR-r:Yrqao {1u: ilqqgq
j ql I d u
m 2 ttng tilt{nnl:mqAo{tUUtqU?flU Yasumatsu

et al., (1964), Shibuya ttOU Iwasaki (1982), Sharp

rrdu Timme (1986) nr:1r?nrrrufoufi'ud'rotir.r

rh r 1 u n : v r ? u n r : r{ A n flr': ujr riu r fl u a r t?r E I o {

nr:'hJdraro

& zi a j , ud
d't1J utu odnl?v nt: tfl u vtt?lu tu dtJ 0u1{ t: nfl ]u

d q i o'
nr:rfi ufnurfi qnrn4frcir (4'c) drrur:fl 'irusvao

: i' u s a vy L a
n1:r1ru1ju10{n:q lt|uuocT:v t9r uufio a9nl:

d d u I Y li9 |

[14 il U l.t U I O.t 9t ? 0 U 1 { 1J 1 ? A { tgr S? U : n U lq il n 1 }I
u I I q 9@ d t d,

I 0.: 9t ?ou'l { I 1? tl.l u.l ft { dn lil9t 0u uulo{g

nstfr
r:l'- rri<*.

3,, lF:3,. ,-,.-. :;' : j .-,.
:'" ' t" -" *.

: '" t4'

-! :: 
''*€i-**.-- 

-*,,

orr lrilr!

nliJ
rror {ritr}

,ra{tletj

g rJ fi r n r: tr-l6u u uil a.:il?urnr'lt riu vir u ru n (meanF-S.D.)

1 u d'r o d r.r cir'r : c fl 'i r { n r : t fi u :h u r tfl u tr a r 0 - 6 tsro o u



22 ersars0flcnssufl.lao$sruuonafrgqS

a

rrnv 25"C drnlrruru^etq{qqana{rfi0{ t:.0:zo

LLdy 25.67 Vo n tru cir d'u nt: a q n w o { ri r n'l r U H riel
u

4{qq n r n n I : il qa o.: fi 1d'r.r n rriu rd u? fiu nr:
tr

:1U{1U1O.: Martin tt0U Fitzgerald (2002) S,1

,. t-i r s t s | 4
cT'ur4 9t rJ I 0 I n n r : ril n u u r rlj a { t n r { di "t.t 

zu o il I l_J : n u
i dp d1 i I q I
cf .: [ lJ U 0 { n il : V n O U fl U { 'lJ 0 .l I I '] t U : V 1'l ? I .l

du:n:YU?Unl:tnU:nUl U0n01nU Zhon et al.,

'dcrA(2003b) lru?rn t:rfl uqtro0r{1r1ytqiuilnil 37"c
o6lt' 4 9, u I

u0 n 0 rnm r [?1fl tn ? tru ?1u9t 4{ qq oq a { un ?u{ d,:
vt-A

r{ a si o n r : a q n.: I o.: ri I n I : rl u 9i'? niu fi'u fr .r 1#
| 4 - A\cJ hy6l

t{a nt:ilqn0{lTutqu?nilil t9t : tu.ltu [? [u.l-lu
v9,

i 6'o fi r rqi rt'.r fi o''qr : r n r : n q a { ri{ fi a r rr e o r n il o 6'el

4raude)-Jds)Aou6l tuu su9tlo.liluq1l? 9t,:uufl1:tnu111yl
ol I rj r ua

q flJ ?f Q rJ 9r r 0 y ry'l u Ty n 0 n I : ril n u u r ril a { q iu du u 9l

ti'ril x nrun rY'ttlnv m r{rafi 'ld

firrdfmCl

t+-

'5:_

{i1r {riiri,l

t''

F

rta

;ilfi z nr:nJduuuila.:ritn: e'hfiu 6a:v (meanES.D.)

lu d": o ti r.r {r r : y ri r r n r : rfi r :-n u r rfl u r? n r 0-6 uroo u

9.4 Frouo{nt:tfi uYnursionr:ujduuurjolEir
ooi

E6ucrtJil9llildgts (Pasting property )
!.

n r : ril 6 u u rrr.l a.r q or aru riet^ril ast^ I I o I {r r
BR, PB rlnv pp rrdfl{lunt:t{fi 3, 4 rlov 5 el'trJ

dtau 0tnt{dnt:Yt9to0.l

n u'j r ni r n': I rl r.r fi or q.: q er t o .r pi'r o d r.r rir.: ri'.r
4 s9,/ s , A i d

1{ tJ 9t U I rU ? t U U A q A { t q Utq il't y 0 u't { u { yt n I : rfl u

qiuy4rJ^ 37'C lurarsfiqarr4fi 4"C rrav 25"c fi
. -._S 9 4 d il | | dt[u? [urJdqn{rTtrj{ranuou tsu ntn?]ruruqd.t

d9fto.: PP aqn,: 41.9lVo nd',:nr:rfiufiqGurnfi

37"c rflunot 5 raoou lursusfirfiu Gu otutrnrJ^ 4'c

|.t
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en:r{d : nr:nJduurnJnrqararurifirnana.rro':chrndor:vwjxnr:rfirfnurfiqiur41il^ 4, 25 rrny 37"c
dr4

rilul?nt 0-6 r9t0u

qacrfn^rra6l

RVU

qilfi{rr

fc)

:luvnar (6ou)

0123456
n1n?1u1{un

g{qn

Peak viscosity

nln?M{un

qnriru

Final viscosity

rirnr:qurir

Breakdo*n

rirnm!n{6r

Consislency

nlnltflugt?

Setback

25

25

4

25

4

25

25

247.50+2.81""

247.50+2.8t^"

247.50+z.Bt'"

r:r.rs+:.gl*'

:zr.+s+z.s/"

323.1s+2.814\

84.63*1.4 I 
tnt

8{.63+l.4li''

8.{.63+1.41d')

I 60.58*l 44r''

I 60.58*l .44{"

l6o.i8rl.44o"

7 5.95+2.1742\

Is.9s+2.n""

75.95+2.t'1""

227.1*l.BEattt

230.50+4.59"'t'

228.38*1.59'o'

299.58+1.354:'

:t3.os+o.+1""

326.08+2.59o''

87.90+1.36"'

88.12+2.24"''

88.61 *3.63r"

1 59.78t1.25dr)

170.87+2.15u1)

186.32€.78o"

71.88+1.66rtr

82.55*3.23*'

97.?oll.35d'1)

220.35+r.58"''

242.33+rz.zo""

225.054.291"

302.17*3.07r')

350.83+l l 20n')

36g.1 g+g.26ds)

84. l4*2.33nn'

^--^ ---\:)d /.bH.Jo

67.08+2.04"')

165.95*2. t 6{r)

196.10*s.63*''

2ll.22r'1.0845)

8 1.82+2.41n"

108.50+.1.98w'

144.13+6.64"")

216.90+4.53n'-'

22g.61*r.l3n''"

zoi .zoti.rg""

3ol.+t+:.ssn"

351.?2+1.85n"

361.89+4.3 I "''

80.85+4.07d'r'

72.43+3.oontt

51.94+l .294'

t66.43*4.o5uo'

rg1.52+3.7{rr

206.63*3.g2d5'

85.58t3.76{al

122.08+t.?5(')

I 54,69+3. I 1""'

229.53*3.09n"

240.6+7.sgottt

zoa.tt+6.60"'

307.6l*5.gzu"

375.3219.53o''

350.68+8.osn'"

83.6t +t.+6"t0'

72.3 I *3.78(r)

1s.89+2.34*'

I 6 t .68+3.O0dr)

2w.96+s.az"''

194.39t3.95"'

78.0?+3. l04r

134.65+4.57n"

l48.so+2.33oo

205.56+1.74n"

zz t-oorts.to"'

rgo.g4+2.35n"

283.07*2.35t"

345.45r1 5. I 3d'l

332.40*t.2ln"

72.21* t.ot 
(')

72.20*5.s':'nt'

18.20*l.97"'r

ttg.7t*2.3t'"

196.05+6.33dr)

l'rg.65*4.29n"

'17.51+l.gl42i

123.84*l.66{45'

14t.45+2.800r)

zZJ.t lU.4t

227j2*3.28n"

179.05+:s.80r'r

300.98+4.64ttt

355.13i3.16u'?'

302.68+3. l0{')

80.08+2.02"'

70 Glr5.3on"

3i.;ir3.3t""

155.35+2.1or'i

I 98. l0t,f.69ur)

159.38*2.85{1)

1s.26v2.69"''

12'1.42t2.63n"

123.63*5.48u31

s{e exPr6src a3 ruatrE},u. oI nve oetruauoN. t! a allru, nrus tollowed by the roe tetts ae oot
t. ln a row- mean followed bv the sme number are not simificantlv difTdmt rt P<O O{ hv fhrncan's multinlemultiple mge

I a I c4 4 tr ,io
fl 1n 1ril l.tu9t qqil turil u0 nr u ifi tmlno n1:

rjrrdual
tu a u u t ru n { : y ?t'l I i n : s u ? u n 1 : lnu : n u tgt ? 0 u ].t
I I 14 d a i oltr? 0ur.r l:nflril nr:rnil BR ytqiu?tQUa] (4'C)

rra'
n u'j r ri r n r r ru r rTo q or ri'r u n.: fr 1 u rir.r 3 rno o u r r : n

Aa&,d
tta y afl d.ttu ot?a tn 1:tnilutlu tufl u luulqu? nil
__ jaf 4 gt Aq I

PB milnrfl ?riluu9td9tyt tun{il tuT?.1t[: n1J0{n1:
6 d 19r' 

Y

lnurrnyrurru? tuilaaa.:fi'{ 3 .ieIocurnn^Iorufi
qq

d'fl:rnr:aqon 18.512o, 19.957o LLav 20.5gqo fi
q[uilQil^ 4"C,25"C rrdy 37'C qrrrucird'u rirrfit
pp firrurl#ruaqa{ (p<0.0s) rd'.:nr:rfiu 5 r6ou
j 

^--^- ,d, A i d y
ilqGufigil 25"C LLay 37"C rlnruntrilrJfluronuou
ia e d a -i
vuq 0 u qq n'ru1 o { n'r: lnil (6 rgt 0 u ) ctr.ll rfl n fl 'r{ 0 r n

di^^Aioi
nr:lnumqiufi nil 4"c [uo{0tnilqcu?tQlJulllj?1

| 4 I o,i ur< st
n lfl ?'l tJ ?t u 9t d9t yt I u il n I t u n { til u I tu ? I u il Tq tn u

1 u rir.r 3 16o u r r: n r rsi o.: a.: o u fi ri r rio u fi an fr 16o u
tJdvtl

cT9ryltu1j0ilnt:tnu ttau0tnt{nn't:yt9tdo.tu.liltu?tn'l
r9ry<radrdqrjo

n r : tJ u n ? il n I til lJ I u 0 u t.t : ? 9r r: ? tu : y l.t ? I i il lJ n I :
dur14a

rniln?our.r BR, PB rldy PP ry?{laoulr:nlrasil
v,f 4 < a t)

nrzuun.: 9roOqnt:tnumn 3 :yauo€uHnil untiuqq

u d i-.,-id se/ d
nt:nqtnilm 37"C milrru? tuuafl a{olnlnout[5n

44ydil
0uit.:t9t0ucT9lynu1j0nnl:[nu ctr.:nt:nqa{10':ntnt:

qalitsg/Std
uun?rnq0lnn t:lil auul rlj on tn: n6Y: r.tfl 0.1 tlj: 9ru

rr - idr d1 ,t 3J-
I t a v [1 u u 1l tu u o n n u : v n o u I o .t,lJ I ? yt.: u d.: [n a'l 91

' i oqye) i,
? 1 n I: Yt fl 1 n 1 : U U n ?A q A { il I tl.t 1J ]?ylru IU n I : ?t { ef nqq

Y d4vvrl4rta4
t [a ? lil a q 0 v t: u.: fl ? n u o u I { fl 1 u i ttJ ttJ 1J : r ra n r : o

u ru 0 uru n : il T1 l 4l,122l,126l
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elr:r{fi 4 nr:lil6uurrilornararurisr^ruasr^rror{rrnd'o,ru'r:vwixnr:rfiufnurfierunnn^ 4,25 Lta:- 3i'cqqs

rflurrar o-o 16ou

qoralrifirna6.:

R}'IJ

qaruQ!

Cc)

rvucne r (r6ou)

012]456

n1n?1!riln{{qa

Peak viscosity

rirnrrrnu'nqnfrru

Final viscosity

rirnr:qun-:

Breakdorn

rirnrrun'rfrr

Consistacy

r4u
n1n1:RUn',l

Setback

4

25

4

25

4

25

37

4

25

25

7o.g2g.48to 50.96*1.84*"

7\.g2an.48a') 50.83i1.0/rl

lo.g2to.48t" 47.4?,t!.8go'

77.92:{.33"' 55.s2*l.2rn"

77.g2to.13u" 54.38+0.69v"

77.g}ta.13o' 52.03+1.12{')

11.31ro.5oot

1.t.3 t lO.50"t

1.1.3lt0.so"'

2l.32+$.34ot't

21.32t1.34""

21.32t4.31""

7.0OtO.25{"

t.&+1.25o'

7.00*0.25t'

I8.97+l.38ttn'

25.63*l.B'twst

\g-97+{:1r""

zz.szttl.gr*'

29.t8*1,59*'

24.37t{..1ttt)

4.54r{.91"

3.55r{.82'"

4.61+0.65t"

sg.s2.g.2s"t' sl,g3te.2o*t

s1.43+s.6iLt 5't.70*4.1?ot

59.85*3.3611) s5.r6t2.82ot

64:r8ly''Jzt" 63.50*2.02o'

62.2"1*s.3111t 62-i7+s.o64"

68.48tA.i64't 6t.Bl*3.224t

l8.lGrl.lznt'

t2.55+1.87""

13.85+0.65""

23.3'.1+1.3'.t4"

22.38*l.l64tl

22.48+1.36a')

5.26l{..'15\t])

4.83ro.95n"

8.63+1.s3"')

I 1.49:{.36t"

16.38+O.?4*'r

11.634.86€)

20.07+l.o7Ht'

21.00+1-47n"

1?.74+1. I 8*)

8.56*r.26ot'

+.62tn.92"t

6.1oro-43n''

65.03+2.89o"

58.00+3.o5nt'

48.63+3.14t"

?1.43+3.26n"

65.16+2.22n"

ss.rz+t.of

t9.80*0.78{" t3.98rl.l3M)

l4.8ltl.66uil) 13.93r0.88t?r

12.g3+r.rd! 10.48+l.ld"

26,19*o.9ldn 20.t8+1.52n'

2r.g8+2.14n" 20.42+o.9ok'l

l9-62t1.084i !4-g2r{.54tt'

6.39+0.88i" 6.20r{.87*'

7.t6rt.5g4r 6.48+o.l3s'

6.68+0. o' 4.Mxr.zd"

48.96+l-69n" 60.18+2.20n"

47.53*3.41*" 4?.80*2.68*"

42.25+l.fiit xn*t.sft

55.16*1.?2n" 64.92-1.85u1)

54.02+3.03!ri sz.3s+z-g/"

+s.ag*t sd" so.6'r+2.22""'

r7 .7r+7.1'rnt)

lz.gg+1.21""

14.48+0.66""

22.45+a.gsnt"'

,7.57+1.451t)

18.35+o.7ze)

4.74t{,.46t"

4.58r{.82""

3.8?+1.05{t)

mffi
rugc t6t. I! a rcw, rcn followed by thc roe nmbsr aro not signifi@tly diff@nt at P<0.05 by DE@'s multiple nge test.

en:r{fi s nr:nJduurrila{niudilri6rnasrawo.r{rrnjf;onutrl:uil'jr{nr:rfirlfnurfieililnfi 4, 25 LLav 37"cqq{

dtA
tljut'la'r 0-6 lgtou

qilffljuntildnr

RVU

qil'r4lJ

fc)

:su3t1a1 (160u)

012)456

n1n11!riilnq{qa

Peak viscosity

rirnrunu'nqnfro

Final viscosity

rirnr:qlueTa

Breakdour

rirnlunrfr':

Consistency

fl1n]tRUn2

Se{back

4

25

4

25

25

25

4

25

70.92:s.48"o 50.96+t.8+t"

70.92,{,.48"" 50.83{1.07v'}

70.92+o.48{n 17.12t1'3g""

7'r.9?to.33"" 55.52*l.2ln"

7'r.92to.33t" 54.38+0.69n"

'r7.9?+0.33"' :2.o3+r.12*"

l 4.31*o.5o"t'

'l4.3 
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