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Cooking Characteristics and Firming Rate of Cooked Parboiled Rice

Myung-Sun Lee and Eun-Ja Cho
Department of Food & Nutrition, Sungshin Women's University

Abstract

To investigate physicochemical and cooking properties of parboiled rice, choochung paddy processed to par-

boiled rice by three methods (PL, PT, PA) milled and examined hydration, cooking qualities and firming rate
of cooked parboiled rice. The results were obtained as follows. The longer the steaming time during par-
boiling the larger EMC of soaked parboiled rice. Water uptake rate constants (k) of all the parboiled rice dur-
ing soaking except for PT rice were generally increased than those of raw rice. The longer the steaming time
during parboiling the greater volume increase rate constants (k,) of parboiled rice samples. The glelatinization
temperature of parboiled rice flour by DSC was more increased than that of raw rice flour. Gelatinized en-
talpy was decreased and gelatinization content (%SG: degree of starch gelatinization) was increased by par-
boiling process. In cooking tests, parboiled rices were harder than raw rice and softness (reciprocal of hard-
ness) was greater PT30, PA, PL30 in turns the cooking time of the parboiled rice took longer 3-10 min than
that of raw rice, PL30 took longer time than anyother rices. Cooking water of parboiled rices could be ob-
served lighter turbidities than that of raw rice. Firming rate constants of cooked rice during storage 24 hours
were generally decreased by parboiling-processing. The time constants, reciprocal of firming constants of

cooked PL30 rice were 2 times slower than those of cooked raw rice.

Key words: parboiled rice, choochung paddy, water uptake rate, degree of gelatinization, firming rate

. A a2

s} 2 A v](parboiled ricey= gl %7} 7)ol m] F24)7)
EF o149 ghek. PN AEsh P ek
da] AmlE glon AAY o B AYgdix
A1 L5 7 9w dx e AA4ERe] 1/20], AA A
Abgke] 1/50] IR A=) dudr|= oyl F2]4
(cooked rice) ol¢jolx ZHE &g, BxY AF
(canned rice), % 3}#|-E (expanded, flaked rice)S W=
= 5 HEER o] 8E 2 Qi Hrdg Ae s 29
o|5shy AL wol WA I 1 F F83 &
A wste] shk= 43}(hydration)2} Z2]4J(cooking
propeties), 2|1 &A1, 2| F5-A (product-making quality)
o] #A3 wglo]cpo*® mlmodu)e] zejsh: Eob
o] #EFSE RrUsA] b AR (raw rice)ir} ot
the ol dF e FEEo] o, sfr e %
& A= 33 Eol3H60°C)ollr = ARHh

_46_

o] we] 3l 2 $34-8 FRdsl st AlF R
we}l Adesie W2 33T o] AN96°C)d A 9] 4
= AR 22 & BE ek £33
= AR 24 rdelE zes U g
Hr} o] 22 Azho] AP ™, Ar}F o] Falefat
o B3 AFoA FHrdrle] 2T AW (raw
rice) e} £ |7} AESE s3ddve}
e 9= 7hagichy 1O e dnls 2o A
& u] JokEe] i, ZelA] 2l nYE
A o] Zhasta x| %o o] Jeje Y =
oF 18 A FH I 2R A] Q= EXo] o7
= 9low P ol2|jk AAle] Wisle o] AL
o] = fFedo] = Aelel. az} Sehvjal ubio
2 AL srdr] qhe] FuiSAdn Hut 39| 3ol
g A7 Bolx] 9w Qlul B JFE K o]
ojA] 371A] v o2 A 23 vfr dwu)e] Hul g
354 -& &8s} g

L=N-)

o



5} 2 o v (Parboiled rice)e} o]3}hal B4

. A¥RlE U gk

1. AER U ARH=

B A3 AHeE A8E 19934 10Y9)] 483 =
Hu A st APzAA AF el o
Zro] A &3},

PADDY

SOAK

soak in water at RT®
12 hour to saturation
(about 17.5% moisture w.b)

'soak in water at 65°C
3.5 hour to saturation
(about 25% moisture w.b)

DRAIN DRAIN

cook by steaming”
(10 min, 20 min, 30 min)

cook by steaming”
(10 min, 20 min, 30 roin)

cook by steaming”
under pressure.

(1 kgem’, 10 mi)
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Laboratory'® Pressure Traditional
Parboiled Rice Parboilied Rice Parboiled Rice
PL10, PL20, PL30 PA PT10, PT20, PT30

¥ RT: room temperature (18°C-20°C).
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Fig. 1. Changes in moisture content of parboiled mill-
ed rice during soaking at 30°C.
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Table 1. Hydration quality of parboiled milled rice during soaking at 30°C

Water Volume
Sample EMC Time water uptake EV Time volume uptake
. rate : rate
(%) (min) (minm) (%) (min) (minlfl)
R 37 30 0.0592 35 30 0.0636
PA 65 90 0.0642 81 110 0.0591
PL 10 63 90 0.0600 70 110 0.0531
PL 20 78 120 0.0671 95 120 0.0717
PL 30 86 140 0.0815 100 120 0.0822
PT 10 49 60 0.0507 50 100 0.0391
PT 20 52 70 0.0519 64 110 0.0487
PT 30 60 80 0.0578 70 110 0.0514
EMC: Equilibrium Moisture Contents.
EV: Equilibrium Volume.
Table 2. DSC Characteristics of parboiled milled rice flour
Temperature AH %SGY Heaﬁi rice
Sample To T Te AT Yield
(0 (C) (O (O (callg) (%) (%)
R 62.06 69.08 78.28 16.22 1.71 0 74.06
PA 67.31 73.43 81.67 14.36 0.92 46.2 35.08
PL 20 68.06 72.69 81.69 13.73 0.60 64.9 28.38
PT 20 65.80 71.16 71.16 13.05 1.02 40.0 37.92

Y AT: Difference between conclusion temperature (T,) and onset temperature (T,)®.

%% SG: [(1-AH,,,/AH,,, )] X 100™.

on
Qrs

©PLI0
@rL20

APL30
arPTI0
APT20
APT 30

100

¥ ®F 9
[S]
%]
=
= 60 o
% /‘/‘r—‘
= 60
g
= 40F -
=J
[*]
>
wf I

n " A 1 N : 1 X

40 80 120

0
TIME (min)

Fig. 2. Volume change of parboiled milled rice during
soaking at 30°C.
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Fig. 3. Relationship between the reciprocal hardness

of cooked rice grains and cooking time.

Table 3. The cooking rate constant and terminal point

of cooked rice

Terminal point of

Sample ke cooking time
min” (min)
R 0.0794 20
PA 0.0702 25
PL 30 0.0640 30
PT 30 0.0732 23
R: Raw rice.
PA: Pressure Parboiled rice.
PL: Laboratory parboiled rice.
PT: Traditional parboiled rice.
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Fig. 4. The rate of uncooked portion of rice grains as
a function of cooking time.

Fig. 5. Turbidities of cooking water of cooked raw mill-
ed rice and parboiled milled rice for 30 min.

A, R; B, PT-10; C, PT-20; D, PT-30; E, PL-10; F, PL-20;
G, PL-30; H, PA.
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Table 4. Hardness of cooked rice stored at room tem-
perature

Storage Time (hrs)
3 6 9 12 24

R 023 029 033 036 036 040
PA 038 039 040 040 041 042
PL30 037 040 041 042 043 045
PT30 038 039 041 042 043 047

Sample

Operating condition of rheometer
Force scale: 1 kg
Table speed: 50.00 (mm/min)
Chart speed: 80.00 (no/sec)
Clearance: 0.7 mm

02

(=]

'
Q
N

(b) cooked for 30 min

Fig. 6. Volume of cooked raw milled rice and par-
boiled rice for 10, 30 min.

A, R; B, PT-10; C, PT-20; D, PT-30; E, PL-10; F, PL-20;
G, PL-30; H, PA.
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of cooked rice stored at room temperature.
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Fig. 8. Plot of loge (E.-E,) against time of cooked rice
stored at room temperature.
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Table 5. Avrami exponent (n) and time constant (1/k)
for cooked rice

Sample n 1/k, (hr)
R 1.0227 6.69
PA 0.9996 10.71

PL 30 0.9992 11.66

PT 30 0.9905 8.88

Table 6. Retrogradation ratio of cooked rice stored at
room temperature

E,-E,
Sample E, E. E. E_-E, x100
R 0.23 0.38 0.40 83.33
PA 0.38 0.41 0.42 67.35
PL 30 0.37 0.43 0.47 64.58
PT 30 0.38 0.43 0.45 73.61
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