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Extent 01 Quality Alteration in low Temperature Parboiling"
Cum Vacuum Drying in Paddy

P. PILLAIYAR! and R. MOHANDOSS

The intensity and duration of "heat treatment during parbofling and drying Enilupgg
the quality. Tho extent of quality change in fow temperature parbailing cum vacuum d_n_..rT_
ing was studled. Three varieties of paddy was parboiled at B0® and 90°C b:,f closed heaung.
for 10min snd driad ynder vacuum st 809, 907, 1007 and 120?(1. The hydrotion paitern, .-a“i'h-
1ot valug, optimal cooking time, linear elong=tion and breadthwise expansion in cooked
kornel and the palatobility were determined. The EMC-S ol padd',r right after psrtg_ui_!ingf
var:uum drying was also determined, Samples parboiled at low temperatures sustained (ess
guality alteration than in the customary open steamed peddy, Repid vacuum drying !:u_-,r ;‘_na__iq_..
taining @ high temperature did not alier the quality to such an extent as: hap?aned in hot-ak
drying, Perceptible quality chenge had occurred only when the grain moisture fell below
174f, Tha starch retrogradation accompanying low temperature parboiling as well as vacuum

drying was minimal; the cooking snd eating qualities of these samples Wwera comparatively:

boiter,

Parboiling of paddy results in
changes such as gelatinization of
starch (Raghavendra Rao and Juliano:
1970), retrogradation of the gelatini-
z6d starch (Ali and Bhattacharya, 1976
g, b) or the solubilization of -amylose

and amylopection fractions and theil | __.

subsequent complexing (Priestley, 1976,
1977) and, disrzption of protein bodies
(Raghavendra Rao and Juliano, 1970).
The degree and intensity of heat treat-
ment during each step of (soaking:
steaming and drying) parbeiling pro-
cess (Roberts et al., 1954; Mecham
et al. -1961; Jayanarayanan, 1964;
Bhattacharaya and Subba Rao, 19266;
Ali and Bhattacharya, 1972; Mokan-
doss and Pillaiyar, 1978) grestly in-

fluence the nature and extent of change - -

1981 b) and eating (Mohandoss &nd
Pillaiyar, 1980) qualities in parboiled
rice are correlated with the intensity
and duration of parboiling temperature,
Hot-airdrying also influences the qua-
lity (Mohandoss and Pillaivar, 1981). A
method for production of parboiled rice
at low temprature (80° and 90°C fol-
lowed with vacuum drying -had been
indicated (PMlaiyar and Mohandoss,
1981 ¢) and the qualities of the resul-
tant samples were studied. -

'MATERIAL AND METHODS: -

in the end product. The colour, hard.:" *

ness, (Pillaiyar and Mohandoss, 1981 a)
cooking (Pillaiyar and Mohandoss,

IR 20,/IR 34 and' Co-25 paddy was
soaked in warm water (Bhattacharya
and Indudhara Swamy, 1967) and par-
boiled at 80°C and 90°C by closed

‘heating (Pillaiyar. .and-- Mohandoss,

1981¢) and also by the customary open
steaming (0 psig) methods for 10 min,
Samples paiboiled at 80 and 90°C
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were dried* by vacuum by connecting.
the ¢losed heatinig box right after par-
boiling to aJebivak high vacuunypump.

by still imimarsing thé box in the oil,,

bath maintained at desired temperatures

to attain 80°, 80°, 100%,and - 120°C

of drying temperatures and under a
vacuum of 450 mm Hg throughout
(Pillaiyar and Mohandess, 1981 c).
Samples. parboiled by open steaming

and a lot.at 90°C were dried in -shade

as such. “After drying in vacuum for

10,15, 20 and :25 .min, drying was .
completed in shade. To compare .the .

quality of these samples with the hot-
air dried sample, a lot of coaked paddy

(IR 20) was open steamed and dried

in LSU dryer by .mzintaining a hot-air

temperature of 120° C and with an ‘air

flow rate at 200 cfm/gtl for3 hrtoa
mo sture content of 14%, (as -practised
in regular o; eration). All the samples
were dehulled in a Satake grain testing
mill and polished in ‘a McGill miller
no. 3to 6+=0.1% bran removal.-Only
sound whole kernels were taken for
different tests. '

The equilibrium moisture content
attained by rice onsoaking in waterat

room temperature ,(EMC-S) was deter-
mined as desecribed by . Indudhara

Swamy etal.,(1971). Tostudy the starch |

retrogradation, the EMC-S of paddy
tight after parboiling/vacuum drying

was determined by immersing samples .

in water, cutting grains longitudinally
into two halves each,
husks and allowing to soak for 24 hr
(Ali and Bhattacharya, 1976 b).

The water uptake values at 60:C
(W.t)y and &t beiling temperature
(We'} were determined’ by hydrating

799

removing the -
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. the samples at the respective tempera-
v ture for 15 min.

and their ratio- W,,":
Ws:? was calculated (Bhattacharya and
Sowbhagya, 1971). The linear elonga-
tion and breadthwise - expansion of
cooked kernels were determined by
cooking 20 whole kernels to optimal
cooking time and measuring their
length and breadth before and after
cooking with the :aid of agraduated .
card board (Pillaiyar and: Muhanduss,
1981..b).

The alkali reaction value was deter-
mined by immersing six kernels in 0.5.
(Co 25), 0.6 (IR 34) and 1.1% (IR 20).
KOH (by titration) taken in a closed
petri dish (Bhattacharya end . Sow-
bhagya, 1972) and the breadthwise
expansion measured at the end of 4 hr
reaction {MDhEndDSE Bﬂd F’I”BI‘F&F,
1980 b). The obtimal cooking time
was ﬂeterm]ned by cooking hernels
till the disappearance of opaque-core
(Bhattacharya and Sowbhagya, 1971).
The palatability of the cooked samples
was determined by extrusion test
(Mohandoss and Pillaiyar, 1980).

The moisture was datermined by
drying in an oven at 105°=1"C for 24
hr, the moisture content' of materizls
expressed on wet basis (w. b.); while
water uptake values on dry basis(d.b.).

RESULTS AND DISCUSSION :

The grain moisture at the end of
parboiling by closed heating ranged
from 30. 4 to 31.8%  and of vacuum
drying from 22. 6 to 14. 3% (Table 1),
The extent of quality change depended
mostly on the temperature of parboi-
ling-the EMC-S, We™ W' ind aikali
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reaction values were' higher for open
steamed lots (100¢C) than that for the
samples parboiled by closed heating

(80¢ or 90° C) (Fig.1). Although high

temperature drying affects the quality
(Mohandoss and Pillaiyar. 1981) the
changes noticed in this study (vacuum
drying at 90° for IR 20 and 90°to
120°C for IR 34) were not perceptible-
the EMC-S of the vacuum dried sam-
ples was lower than that of the respec-
tive dried samples. The EMC-S of the
parboiled paddy determined right after
parboiling was higher than that after
usual shade drying, suggesting starch
retfogradation * following parboiling

(Ali and’ Bhattacharya, 1976 b); but

the magnitude of difference in EMC-S
of ‘paddy and rice {i. e. the extent of

retrogradation) was rather low in 90°C

parboiled samples (Fig. 2), demonstra-
ting the. positive influence of parboil-

ing temperature on the starch retro- "

gradation. Even within the open stea-
med paddy the extent of starch relro-
gradation depended on the duration
of steaming-longer the steaming time,
the greater would be the starch retro-
gradation (Ali and Bhattacharya, 1976
b). The influence of drying tempera-
ture during vacuum drying on the
starch retrogradation seemed to be
minimal (Table 2),
paddy at hot condition andjor hot-air
drying severely altered the quality, of
parboiled paddy (Mohandoss and
Pillaiyar, 1981). But onthe other hand,
even after retaining the paddy at 90°C
or at a higher temperature for diffe-
rent, durations during vacuum drying,
(though equel to hot-conditioning)
the rapid moisture extraction would
have retarded starch retrogradation’ in

Holding parboiled
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these cases. Vacunm drying of Co'25
samples resulted in a d;fferent pattern
of change. In this case, the- drying:
conditions (0*. and. 100°C) adopted
seemed 1o be some what severe to this
low GT variety and consequently a
marginal increase in both the EMC-S
and Wu": Wae® values had occurred
(Fig. 1). A similar behavioural pattern
for this variety was noticed in hot- ~air’
drying andfor hot-conditioning of par-
boiled paddy (Mohandoss and Pillaiyar,
1981). Alkali reaction test values also
indicated a more or less similar frend
in quality following parboiling cum
vacuum drying. The: changes brought
about in the 80°C-purboiled paddy dried
at B0°C under vacuum were the"least,
Considering its close hydration values -
with the. raw samples, the 80°C- -par-
boiled sample was rated .high (Pillai-
yar and Mohandoss,.1981 b).

The water uptake 'values at low
and high temperature hydration of the
samples drawn at the close of 10, 15,
Zq, 25 min. of vacuum drying of 90¢-
parboiled samples indigated that the
change in quality upto 20 min. drying
was comparatively samll and thereafter
the change could: be felt appreciably
(Table 3); but undoubtedly at'a low
ebb ' than 'that' in the open steamed
paddy dried in shade. throughout' The
magnitude of change was the greatest
in the hot-air dried sample [Flg 3).

Cuukmg characrens!;cs

" Not much difference in optimal
cooking time (18:19 'min.) existed
among the ‘'samples. The texture of
cooked, raw rice was very tender and
that of the cooked sample of open
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steamed pﬂdi:h,r after shade and_hot-air
&rwng was slightly tough to .very
tough; other parboiled sample, remai-
ned to be tender on cooking. = Hot-
air drying of parboiled paddy at 110°C
for 30 min. followed by at. 80°C for 30
min. adversely affected the cooking
quality (Mohandoss and Pillaiyar, 1981):

but vacuum drying even on maintaining -

a high temperature right after par-
hnumg did not dnwngrade the quality,
This may partl‘;r be due to the ratardmg
effect on the starch retrogradation.
Rapid removal of moisture rrght after
parbmilng retarded starch retrograda-
tion) Ali and Bhattachacharya, 1976 b).
Starch retrogradation can be prevented
by rapidly . reducing the moisture to
18%, as retrogradation was progressive
only above this moisture level (Ali-and
Bhattacharya, 1976 b). SRS

The extent of starch gelatinization
and $nluh|h5¢t1nn in 80" and 90°C par-
bmllng and under the dryrng conditions
(vacuum) acopted in this study may be
low than thiat oceuired in open steamed
samples as these two properties are
extremely  temperature  dependent
(Priestly, 1876). Gelatinization was
complete in.20 min at 10 psig while .60
min was nécessary in order to achieve
80% gelatinization at'0 p sig; but the
Kernels had not reached a maximum
apparent starch solubility after 60 min.
at this pressure (Priestley, 1976). The
interconnected effect ot a low degree of
starch gelatinization during parboiling
and ilie retarding effect of quick drying
on starch. retrogradation may be. res-
ponsible for maintaining a good qulity.

Not much difierence in the lincar
elongation -of cooked kerncl ~among

QUALITY ALTERATION IN PADDY

defererit samples_of IR 20 and IH 34
Exrstad but there seemed to be a
d’:fferenna influence of parboiling
cc:-m:lrtmns on the breadthwise expan-
sion. Parhmling conditions pamcuiarly
the open steaming greatly affected the
linear elongation and breadthwise ex-
pansion in Co25 kernel after cooking
(Table 4). Parboiling temperature and
linear elongation of cooked kernel were
correlated  negatively *[Piliaivar and
Mohandoss, 1981 b). The selective
influence of parboiling - and drying
conditions on certain properties ob-
served in this study may be due to the
application of uniform processing con-
ditions to all samples irrespective of
their gelatinization temperatures.
Varietal influence on parboiling had
been observed (Mohandoss and

. Piliaiyar, 1981).

801

Eating quality:

The palatability of parboiled rice
samples are related to their processing
condition (Mohandoss and Pilllaiyar,
1980a; Pillaiyar and  Mohandoss,
1981 b). MNegative correlation existed
between the extrusion test values and
the ' temperature of ' parboiling
(Mohandoss' and”  Pillaiyar, 1980),
The palatabllity as determined from the
extraction test value of the opitimally
cooked samples of the vacuum dried
|ots dried to 10, 15, 20, 25 min. was
better than that of the open steamed
paddy diied in shade and hot-zjr
(Fig. 4). The cooked rice of the sample
parboiled at BOC had been rated along
with raw cooked rice for its palatability
(Mohandoss and Pillaiyar, 1920 a)

Sincere thanks to Mr. AM. Dya-
neswaran, Project Head for providing
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facilities and to the authorities of the
Food Corporation of India for their
help in conducting this study at their
|sboratory, Sembanarkoil. The help
rendered by Mr. Md. Kudharathulla is
greatly acknowledged, -
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TABLE 1, Conditions of Parboiling and Irying and the Grain Molsture at the Closa of vacuum drying

Variaty Parboilivg Drying Moisture at the snd ot
tempt. tsmpt, vacuum drying
(°C) (°C) (%) *
IR 20 80 80 19
80 80 16.4
B8O B0 201
80 18.6
IR 34 a0 100 16.8
120 16.7
' BO 80 22,6
80 14.8
Co 25 80 100 143

*Dtying completed in shade to a_molsture of 149 and- miled

TABLE, 2, EMC-S of Parboiled paddy before and sfter vacuum drying and rice,

EMC-S in paddy Tempe- Moisture EMC.S in rice
. st the end of rature ot the . aiter milling*
Varlety _— of drying ond of
Par- Vacuum drying
boiling  drying
(Yedb) (%db) (°C) {%w.b.) (% d. b)
AT 98.5
108.1 U 185 95.1
IR 34 115.1 BL.G 100 16.8 78.5
a7.6 120 16.7 85.8
RT : 98,9
Co 25 108,0 925 a0 e 14.8 109.8
83,6 100 14.3 1115

E——

#Aftar completing drying in shade to a moisture of 4%, the samples were milled

803
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i Table 3! Effect of Diffetént drying Conditions on ‘the Hydration Characteristics of rice

i : Moistura . . | EMC-S .~ " « ~Wg,° W © -

TR otthe - 1 (%d.b)  (ge.d.b)  (ga,d.b)
Condition of drying end of . (e B )
" vacuum
drying®
’ (w. b)
Parbof led at 80°C . ‘
Vacuum dried for 10 min 209 68.4 0.57 2.01
o 15 min 185 C 702 0.57 1.98
o 20 min 171 68,7 0.54 1.87
w 25 min 16.6 7.3 0.58 1,89
Open steaming ‘ y b
Shade dried ' 71 0,63 1.89
Hot-air dried . 79.2 9.69 : 1.79

#nitial moisture 32,09, in the samples parboiled 90°C and 33.69%, inopen steamed sample, Ail
samples were milled at 149, moisture by complating- drying in shade,

Table 4 ‘Influence of Paroboiling and drying Conditions on KemeAl'Elongatlon and E’xpansio‘n"'
.=, -after cooking «u-- - - e V. S

.
. APl % 3 b
niv 5 % 8 A

. i i , ¢ .
Increase over uncooked Samples %,

Samples - - -
Lengthwise elongation Breadthwise Expansion

IR 20 oe
Raw 42,0 “50.0
0SS, 423 357,
80/80. - 435 8.6
80/S . 413 321
90/80 42,9 42.9
IR 34 t
Raw; ' 44,8 46.6
0SS 451 43.2
80/80 423 43.2
80j8 40.4 42.0
80/90 40,6 40,6
20100 42.5 40.9
80/120 ; 40,7 A 40,9
Co25
Raw 60.0 50,0
0SS 36.1 28.1
80/80 44,0 36.0
80/s 40,8 36,0
9090 44.1 36.1
90100 ‘ 39.8 315

.--585-Open steamed paddy drie”in shaded 90/S.Parboiled at 90¢C -and--dried in—shede; in othe,
cases the first tigure under first column refers the parboiling and the second figure tha drying (vacuum)

temperature in °C.
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Lifect of Farboiling and Orying Conditions on EMC-5

and Alkoli Heaction walues

Wia®

W“ﬂ H

Fig. 1.

for samples

Paddy snd Rice
Parboiled at Diffarant Temperatures.

Fig. 2. EMC.5 of

A and

B-Samples parboiled at 100 and 90°C Ras-

poctively.

in X-Axis

in Shade: first numbers

Dried

s'

05, Opoen steaming,

tndicate the Parboiling Temparature (809 and 90%) and the second

numbers indicate the Urying Conditions {800

yacuun,

10092) umder
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