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ABSTRACT

A laboratory parboiling apparatus and methods used in evaluating parboil-canning
stability of new rice varieties and early generation breeding material are described. The
system permits the conduct of all operations involved in the rice parboil-canning process.
This includes presteep vacuum treatment, steeping, steaming, drying, milling, and
pressure canning of the parboiled milled rice in excess water. Canned kernel stability is
subjectively evaluated according to clarity of broth, Kernel splitting, and fraying of edges
and ends. Objective methods are based on the amount of soluble and insoluble solids lost
during canning of the parboiled rice. Solids loss for selected commercial and
experimental rice varieties ranged from 9% (excellent parboil-canning stability) to 44%.
The development of new and improved longgrain rice (Oryza sativa L.)

varieties, having the parboil-canning stability required for use in heat-processed
formulations such as canned soups, is an important part of our rice breeding
programs. Varieties with kernels suitable for parboiling and canning have the dry
fluffy texture desired in home-cooked rice and are utilized widely in the
manufacture of quick-cook and other rice products. Thus, determining the
parboil-canning stability of new rice varieties provides an essential means of
evaluating their potential for many uses.

To aid in evaluating new rice varieties and hybrid selections, a laboratory-scale
parboiling apparatus was designed and constructed®, under our supervision, for use
at the Regional Rice Quality Laboratory®. The apparatus, parboiling and canning
procedures, and subjective and objective methods of routinely evaluating kernel
stability of canned parboiled rice are described. Parboil-canning, as used in this
report, refers to rough rice that is parboiled, dried, milled, and pressure-canned in
excess water.

The apparatus was designed to produce parboiled rice comparable to that
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manufactured commmercially in the United States. General phases (1,23 4) involved
i the production of parboiled rice are; steeping rough rice 1o moisture contents of
) 1o 35%; wearming to pelatinize the starch in the steeped kenels; drving the
parboiled rce to 12 to 13% moisture; and milling. In commercial plants (5.6,7.4),
Various presteeping, steeping, and sieaming conditions ure employed, Tliese
variations in parboiling treatment include: the use of reduced pressure prior to
steeping: steepang al atmespheric or under hydraulic pressure in cold, wikran, o hel
Water, und steaming over rather wide ranges of temperature and pressure. The
apparitus was developed (o permit these flexible varigtions in parhailing
technigues, as well as glose control and reproeducibility of expeririser il
eonditions®,

The component parts of the laboratory scale parboiling apparatus aie dhown in
Fig. 1. These are: a retort chamber, o vacuum punyp system, an air compressor, §

Fig. 1. Laboratory rice parboll-comning apoaeratus: 1, water hoater; 2, s fmp o porcehle
compressor; 3, wopuum system; 4, rotort chansber; 5, samplo rack and bmkets: 6, stesm
gererator. Tha horzontal autoclave, 7, facllions eanning of parboiled rica.

steum generator, and & waler heater® . The vacuum pump, air compressor, steam
peoerator, damd water heater are standard eloctrically operated systeins and are
connceled directly to the retort chamber in which (e rice is parboiled. The retor
chamber w constructed of 6005, st sixinless-sieel tiebing and is 27 in. high gnd
13 in. i digeweter. It is equipped with three thermometers located at the top,

':'Dqu]m| e eifialinn fue the design and operailan of the Apperalus sre svallable froem o
dithore
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middle, and bottom of the chamber to measure water temperature during steeping.
Three flexible heating tapes connected to powerstats are wound around the
chamber to maintain constant steeping temperature. Automatic air and steam
pressure controls on the chamber maintain constant conditions during parboiling.
Asbestos sheeting is taped around the chamber for insulation purposes.

Rough rice to be parboiled is inserted in the retort chamber by means of a
stainless-steel sample rack and wire-mesh sample baskets (10 in. in diameter and 1
in. deep) equipped with inside fitting lids. These baskets permit holding the rice in
even layers throughout the parboiling procedure.

MATERIALS AND METHODS

Parboiling, Drying, and Milling Procedures

Clean, dry rough rice samples (130 g. each) are spread evenly in each of ten
sample baskets and inserted in the retort chamber by means of the sample rack.
After sealing the chamber lid, the samples are subjected to reduced pressures (25 to
50 mm. Hg) for 30 min. Immediately following the vacuum treatment, steep water,
preheated to 70°C., is introduced to fill the chamber to within 4 in. of the top. Air
pressure (80 p.s.i.) is applied and the rice steeped for 2 hr. at 60°C. After steeping,
the water is drained and the rice steamed for 10 min. at 15 p.s.i. to gelatinize the
starch. The chamber is vented slightly during steaming to evacuate any accumulated
moisture. After steaming, the parboiled rice is allowed to dry to approximately 12%
moisture content in a storage room maintained at 25°C. and 55 to 60% r.h. The dry
parboiled rice is milled by using the modified McGill No. 1 milling method (9).

Pressure Canning Procedure

Samples (15 g.) of parboiled milled rice prepared by the above procedure are
transferred to 250-ml. Erlenmeyer flasks and 150 ml. of distilled water is added.
The flasks are placed in a constant-temperature water bath maintained at 95°C. and
precooked for 20 min. After cooling to room temperature in running tap water, the
contents of the flasks are transferred to No. 1 tin cans and additional distilled water
is added to within 0.5 in. of the top. The cans are sealed, placed in the autoclave,
and retorted for 1 hr. at 15 p.s.i. After processing, the cans are cooled in running
water and stored at room temperature until evaluated.

Evaluation of Canned Kernel Stability

The canned parboiled rice samples are both subjectively and objectively
evaluated for parboil-canning processing. Kernel stability of each sample is rated
subjectively, according to broth turbidity, kernel splitting, and fraying of edges and
ends. An over-all numerical value (1-5, minimum to maximum) for these characters
is assigned to each sample. The five subjective rating classes for canned kernel
stability are illustrated in Fig. 2. Rice varieties or selections receiving a value of 2 or
lower are considered to be potentially suitable for parboil-canning uses. Samples
receiving a rating of 3 show a tendency toward kernel instability. Those samples
receiving higher values would be unsuitable for these processes.

Canned samples of each variety are evaluated objectively by determining the
amount of solids (dry matter) lost in canning the parboiled rice. Relatively low loss
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Fig. X Samples of paboiled-canned long-grain rice dlustrating nsmerical ratings for hermel
siabiting.

aof solids mdicates satisfactory siabiligy. Solids logs is determined by washing the
comtents of the canned smple over a L&mm. (116 in,) wire-nwesh screen, That
portion of the sample retaimed by the screen, which includes whede Kertels and the
larger prain frapments, i spread on filler paper and dried overnight a1 70°C. in a
forced air oven. Solids lows is obizined by calcolating the difference in weighi
between the dry matier conlent of the ongimal parbodled sample and the dry matter
content of the sample retained by the sereen. This loas is expressed o peseent and
pechedes soluble and maoluble solids of the canned product whech pass through the
I G-, serewin. Statatically, the standard eeros of the mean for percent solids loss
was .22 and standard deviation 081 Tor &0 replecated daily check samples
parbodled and canned over a period of several monthe,

Altermats Procedure

In rice bresding programs il @ necessny each year to evaluate parboil-canning
stability of several thougand eady peneration dee beoeding semples. To sccomplish
this screenmg program, the procedures described in previous sectqons of this report
were modified For wse with 10-p. rough rice samples. In the modified procedure, o
10-g. sample & placed in a 2 ¥ S-in. sinpledayver cheesecloth bap. The samples are
arranged on eacks as Alustrated in Fig. 3 and inserted in the retort chumber, Up o
100 samiples are parboiled at one time by this technique. Procedures for parboiling
and drving of the samples are conducted the same as before. Micro-milling methods
{10 are vsed to mill the parboiled samples,

Canming of the small smples is simudated by tmnsferring @ 5, sample of the
parboiled milled rice to a 250-ml. Edlenmeyer flask contaming 100 ml, of distilled
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Fig. 2, Arraigomsni for parboiling emall ssmples of rloe brosd ing material.

waler, The contents of the flasks are precooked at 957C. For 20 min,, sl conled to
roan lemperatwre in running tap water. After coolimg, the Masks ond contents are
autoclaved for 1 hr al 15 ps.i. Objective evaluation, besed on solids Toss, of (he
henlprocessed smples 5 carried out a8 before. Thowsands of carly peneration
breeding selections have been evaluated by this procedure, 1t is sufficiently sccurate
for effective selection of varictwe possessing satisfactory parboil-canning stability

(i

RESULTE AND DISCUSSION

Typical results showing varletal differences i kermel stability, a5 indicated by
pereent soluds lost during canning, of slected commercial and experimental rice
varielics are given in Table 1. Values listed for each variety epresent the average of
three seasons and Tour locations of growth. Yaneties showing relavively Tow solids
loss {20 or less) uswally have the clearest broth and show o minimum grmean| of
kernel splitting and fraying of edges and ends. Canned saniples of variedies showing
silids Josses of 25% or more are charscterized by high booth nerbidity and exiensive
disintegration of the canned kernels. OF the varieties slown in Tabde [, Jojutl, a
Mexican variety not adapted wm the U5, s the lowest percentage solids loss and is
considered to have excellent kernel stability for parboilcanning processes (12).
Sorlids lose for VLS, commercial long-grain varieties ranged from 15% for Bexoro to
e tor CBI‘II:I.IL}" Patma 231. OF these, dwe varieties Cenfury Patna 231 and T,
both long-grain types, are completely wndesirabde for tis type processing (9,120, In
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TABLE I. VARIETAL DIFFERENCES IN
PARBOIL-CANNING STABILITY
(SOLIDS LOSS) OF SELECTED
COMMERCIAL AND EXPERIMENTAL
RICE VARIETIES

Grain Type . Parboil-Canning
and Stability
Variety (solids loss)
Av. %3
Long-grain
Jojutla 9
Rexoro 15
Belle Patna 18
Bluebelle 17
Dawn 19
Bluebonnet 50 21
Century Patna 231 36
Toro 33
Medium-grain
Nato 33
Saturn 34
Nova 66 33
Calrose 30
Short-grain
Caloro 30
Colusa 28
Mochi Gomi (waxy endosperm) 44

3Values listed for each variety represent the average
of three seasons and four locations of growth.

some instances, short- and medium-grain varieties are parboiled in the U.S. but they
are not used for the canned products described.

The results obtained by the parboil-canning techniques discussed have aided rice
breeders in recent years to develop and release new high-quality long-grain varieties
(13), adaptable for use in heat processed semi-liquid formulations such as canned
soups.
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