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FOREWORD

Within its work programme for 1976, UNIDO initiated a global
programme of research and development geared to the design and
manufacture of a prototype, low cost rice bran stabilizer suitable
for manufacture and use in developing ccuntries where ricc forms
a main factor of food consumption and agroproduction sutput. The
stabilizing equipment is to be characterized by the feilowing basic

criteria:

l. Suitable as an attachment to existing small and medium

capacity rice mills;

2. An cffective stabilization proccess is to be carried
out by technically simple ancd unsophisticated equipment

suitable for manufacture in developing countrics;
3, No stcam consumption;
4, No electricity consumption;
5« The use of rice mill by-products (husks) as fuel;

6. As far as possible automatic function not requiring

(expert) attendance;

7. Easy maintenance - not involvin¢ mechanical parts -

and limited repairs. .

The project is planned to be implemented in co-operation
with a number of selected international rescarch and development
institutions in the developed as well as developing countrics.

On this basis znd in view of the Applied Scientific Rescarch
Corporation of Thailand (ASRCT)'s previous expericnce in rice

bran stabilization technology, UNIDO offered ASRCT a Special
Service Agreement covering the first phase of the project, i.c.
verification of the most suitable rice bran stabilizing technology

and definition of its technical parameters.




In order to lay the basis for the definition of an

appropriate design of a small-capacity, low-cost rice bran

stabilizing equipment for attachment to existing small rice mills,

ASRCT agreed to undertake the following work:

1.

2.

3.

4.

S.

Carry out lit~rature survcys and prepar= a literature
survey report briefly outlining thce work done by whom,

when and where;

From the literature survey, extract those figures and
data which are relevant for the design of a small
capacity, low cost rice bran stabilizing prototype
(heating temperature, heating time, heating means,

stabilization efficicncy, re-activation time, etc.);

Report on the work done by ASRCT in the field of rice

bran stabilization by outlining:

a) the objectives and aims of the research work

carried out;
b) the methods used;
¢) the results obtained;
d) the conclusions drawn.

Based on the rcsults obtalned by ASRCT's own work and
considering the results achieved by other institutes/
organizations (literature review), elaborate one of
more stabilization methods which thc ASRCT considers
effective as an appropriate basis for the design of

a small capacity low cost rice bran stabilizing
prototype. Describe the prcpesed method(s) in detail
based on figures and data and elaborate (a) preliminary

process flow diagram(s);

Carry out rclevant laboratory and/or pilot plant tests
in order to prove the technological, technical, bio=
chemical and otherwisc substantive feasibility and

efficiency of the rice bran stabilization method(s)




the ASRCT wishes to recommend as the hasis for the
design of a small capacity, low cost rice bran
stabilizing prototype to be attached to existing rice
mills;

6. Specify the exact data of the recommended rice bran
stabilization method(s), prepare (a) detailed and
comprehensive process flow diagram(s) along with
material and cnergy balance sheets(s) and elaborate
(a) process description(s) explaining and outlining

the proposed mode of operatione.

In order to support the work outlined in items 1-€ above,
UNIDO made available the services of Dr. S. Barbcr from the
Instituto de Agroquimica y Technologia dc Alimentos, Valencia,
Spain as a rice bran processing expert to advise ASRCT staff for

a period 3 weceks (September - October, 1976).

This report describes the findings as outlined above and
specified in the UNIDO Purchase Order Contract No, 15-6-0027(76/23).
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LITERATURE SURVEY
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The work done on rice bran stabilization could be sectioned

into the following caotcgorics:
A. Basic princinrlce for rice bran stabilization. .
Be Processcs for the stabilizaticon of rice bran.
C. Equipment for stabilizing ricc bran.

De Energy producing units.

A. BASIC PKRINCIPLES FOR RICE BRAN STABILIZATION

Major causes of ricc bran deterioration should bc mentioned,

they are: (a) enzymes, (1) microorgonisms, and (c) insccts,

Rice bran contains lipolytic enzymes lipases which, after
being relcased during the iiiling process, promctes the hydrolysis
of the bran oil into glycerol and frue fatty acids. This reaction
is due to thc action of moisture in the presence of enzymes which

acts as a catalyst.

The location of lipases in rice kernel and its characterise-
tics has been reviewed by Desickachar (15). There is definite
evidence that the lipascs are present mostly in the layer just
peripheral to the zleurone layers or in the testa or Cross layer
of the ricec germs (i7). ‘When the tran is scoured and icolatad
from the grain during ricc milling the enzyme and substrat: arc
brought together and the lipolytic enzyme is triggered into

activity.

Rice bran lipasc is protein in naturc with a M.W. of 41,000
(18,41). Optimum pH for activity is 7.4 to 7.6. Only small amounts
of calcium although large concentration could inhibit th: enzymc.
Heavy metale (cu**, zn™™), EDTA, cN"and ¥ as also alcohol and
acetone inactivate the enzyme. Heating or the enzyme solution

at 60°C for about 10 minutcs has been found to inactivate the enzyme,



Of thosc cenzymes responsible for lipid alteration, pere
oxidase was found to bc th: most rcsistant to heat treatients ...
it has thc capacity te recover activity, cven after inactivation.
oxiditive doterioration caused Ly pericxidasc is favorable at low

moisture contont levils,.

Rice bran was found to bc highly contaninated by micro-
flora, with rcported counts for bactrsia and mold, respectivelv,
3,770,000 and 110,600 per gram {5}« The microbe contaninants were

found to be specics of Endomycopsis, Aspergillus, Mucor, Ponicillium,

S - sn o

Fusarium and Bacillus (26). ‘These microorganisms produce the lipases
which increases the UFA content of rice bran (26), while also pro-

ducing the dangerous nycctoxins,.

Other contaminants werc found to be insccts which included

the rice wecevil Sitophilus oryzac L., granary wcevil Sitophilus

granarius L., and rice moth Corcyra cephalonica Staint,

As mentioned previcusly, heat is a suitable means in
inactivating cnzymc lipase. Additional advantages of heat treatment

are that it can simulteneously kill microorganisms and insects.

The influencc of variablaes invelved in hecat processing -=
temperature, time, moisture anc pi =- of thc bran on the peroxidase
activity was studicd by Barber c¢t.als(7). It was found that the
heat rcsistance of enzyme rzsponsible for detecrioration depends
not only on the time and temperature of treatment but 2lso on the
moisture content of the bran. At moisture levels of 25-35% and
20%, after two minutes treatment, less than 2% and morc than 20%,
respectively of the initial peroxidase activity still persisted.
At a lower moisture content of the bran (20%) a longecr lengtn ot
exposure to hcat is ncoded to inactivate the enzymc. The initial
enzyme activity is lower with lowcr pHe However, the velocity of

enzyme inactivation seems to be similar in all cascse.

Heat treatment also causes agglomeracion of the bran into
coarser sizod particles preventing the proublems causcd by fine

particlcs during solvent extraction of 0il (15,24,49).




In order to determine tho offects of hcat on cnzymeg, most

workers measured the P7A produced by the action of lipascs on
fat. The method proposcd by San Clemente and Vadehra (20), with
slight rodification, were used in finding out the lipolytic

activity of cnzymes (43).

With regard tu the inzctivation of enzymes of rice bran, N
special attention was given to peroxidase due to its being the
most roesistant te hydrothermzl treatments ecpecially te its
capacity, after inactivation, to recover activitye Thus, peroxidase
activity coull bec used as en index of rice bran dctericration
through thc utilization of a Vetter, et.al. (41) modified analytical

method.

Heat treztment net enly inactivated enzyme lipascs, put
also, more or luss, afiected nutritive ingredients and toxic sube-
stances in rice bran. At least, the color of cil extractced from
heat trcatoed bran is changed to a darker shade (50) . Heat treatment
denaturcd protecins “nif proteins may reacts Wwith reducing sugars,
known ac maillard reoactione It is well accepted that rice bran
is rich in vitamin, c¢specially thiamine -- cven thouqgh, heat
treatment in the IATA (Instituto de Agroquinmica y Technologia
Alimentos) Process to stabilize ricc bran decreased thiamine

content about 5% (5).

Natural toxicants reported in rice bran were trypsin in.-
hibitor and hemagglutinine Over 95% of the total activity in
grain is locatcd in the geru and all the rice germ is in the Brin
The antitrypsin activity <£ 1.00 TUI/mge of sample, dry bhasic,
was fourid in commercicl rice tran (6). Hemagglutinaiing activity
in commercially degermed bran was found to be 160 HU/g (&) '
stabilization of commercial rice bran, involving 3-4 manutos
steaming and subs2quent flash drylng was proven tc completely
destroy hemagglutinating activity, and alsc trypsin innibitor .

(8,6).




B. PROCESSES FOR THE STABILIZATION OF RICE BRAY

. .. A A IR 8

Most of the processces developed for the stabilization of
rice bran involvud dry cr roist heat treatment. Use of chemicals,
gamma irradiation, as well as ctorage under inert atmosphere have
also been suggestad although they have never boen accented as

reliable or prractic:l procedurcs.

Chemical trcatments such as with 0.31% ethylenc chloro-
hydrin, 0,03% sodium cyanidc, C.19% prcpylenc glyeol diproprionate,
0.03%, 1,3-dimcthyl=4, 6-bis(chloromethyl)bonzenc, 5-20% sodium
fluoride, 5-20% sodium bremide, 5-10% sodium chloride, 5-10%
potassium iodide, C.5-1,0% Topanol OF and Topanol OC wer: ine
effective in preventing tho development of FFA (3,27,34). Storage
of rice bran under carbon dioxidz, nitrogen gas, or vacuun were

also ineffective in preventing detericration (27).

Rice bran was aloc irradiated with gamma rays at the rate
of 1,200,000 Re Aftor 6 wceks storage the FFA content incrcased
from 2 to 3% (16). This dose of ¢amma radiation seems to inhibit
completely the activity of the lipolytic enzymes in the rice bran.
The application of this method on an industrial scale depends not
only on the economic potcntialities of the process but also the
problem in attaching the process at the mill si*e. Secondary

effects were not reported.

In the new X--M Process for the extraction of oil from rice
bran, the oil was extractcd the moment the bran was released from
the rice. Hence, the oil recovercd was almost  fully at a very low
FFA. However, the solvent extracted rice bran still contains a
small proportion of oil (0.5-2.5%) and can continue to degrade
(28). Even hcre, the extracted bran will havc to be heat trcated
for the destruction of the enzyme, as well as, for desolventisa=

tion.

Besides, the processes of stabilizing rice bran stated
above, other treatments can be divided into two groups: dry

‘and moist heat processing of rice bran.



1. Dry heat processing of rice bran

Possibilitics of dry huat trcatment have keen extansively
1nvcstigatod. A paper published in 1933 deals with this subject
in detail (48)e In gencral, dry heat does not inactivate lipases
totally. Many papcrs statc that only partial inactivation is
achieved (48,51). The temperature used inactivating lipases should
be about 105%C (48),

The proscnt stotus of krnowledge regarding dry heat pro-
cessed is tabulated in Table l. The table, covering ncating means,
treatment condition, moisture content of bran after stabilization
and during storagc, keeping quality, as well as comments, is used

as a direction for the dry heat treatment discusscd below.

tleans of hcating as a basis for the description of pro=

cesses can be classified under the following categorices:
(a) Pan with stirrer;
(b) Cven or chamber;
(c) Jackcted drumg -
(d) Revolving drumj;
(e) Screw conveyor;
(£f) Fluidized or moving bed;
(g) 0il expeller.

The bran heated at 110-~120°C for 15-20 minutes in a pan,
was tested for cnzymc octivity. It is apparent that the
temperature anc time used was sufficient to inactivate lipases
(43). However, in outlying districts in the Philippines, the
fresh bran was heated and stirred in a frying-pan over a direct
low fire for an hour charred the bran (48). It is rcportcd that

the trcated bran could bc kept for only one weck, in a tightly

closed container.




Inactivating the bran in an cven or a chamber was ceported
in many papers (1,3,4,19,27,35,48,50). The hcating tempurcture
-
~ o} o) .
used rangcd fron 2907 to 200°C and the time used ranged from
5 minutes to 6 hours. The low molsture content (2-5%) of

stabilized bran wes also applied as a rcquired factor (27,50).

Jacketed drum or cylinder provided with stcam was uscd as
a selective process to stabilize rice bran (3,3l). An cffort
was made to hcat the bran thorouchly, hencc, a stoam rotary dryer
was enmploycd (29,30,34,48). Quitc a wide range for heating

e} . . .
temperature (80-1507C) and times (3 minutes tc 3 nours) were used,

In addition tec the stoam, used to goencrate heat for the
jacketed drum, oil kurncrs and electricity were alse cmployed to
provide hcat to the rotary drum (39,47). The temperature uscd
ranged between 110° to 150°C with the time ranging between 3 to
10 minutes ... with the results shown in Table 1.

The stcam jackctod screw conveyor was cnother alternative
employed as a inactivator device fer a small factory in Taiwan (14).
Flue gas generated by burning agricultural wastes was also
employed to heat bran bcing conveyed by a screw in a tube (33)
see With the ricc bran temperaturc 80°% at dischargec. The capacity
of the unit was about £€-~16 kg/hre. at 2 to 4 r.pem. After 32 days
storage the FFA content increased from 3.5 to 5.9 percent, for

double pass trcated rice bran.

It is believed that, if rice bran is uniformly exposcd
to the environment for an appropriate length of time, rice bran
enzymes may be satisfactorily inactivated. Thereforc, fluidized
bed or moving bed was adopted. In such processes, air, pro—l
duced cither by air compressor or blowers was usced as a medium for
transforring heat. It scems to be a high tewmperature (105-200°C)
and short time (1 sccond to 10 minutcs) process which includes a
1abo£atory scale stirred fluidized bed (32), combined phase

fluidization (25), and pneumatic conveying dryer (36).



The possibility of using somc form of frictional htat of
an oil cxpcller for Jdeveloping required tempoeraturce to inactivate
the enzynes in raw wran has nlso been reportod (:€), It was found
that coffcctive contrel of lipazes is possibla only whoen the

. . , o
temperaturc attained by the bran 2t the dlscharge end is 1107Ce

The -fficicncy of processing is meogurc! by FFA developnent
during storage, :ut ncither the storage condition nor the size of
bran samplc were Jgivene  Ther: is a lock of knowledee of sccondary

effacts.

The data in Taible 1 shows quite o wide range in the cffeocts,
and the optimum valuce for the time and tempernture recommended
differcd dranatically (2,4,48). Some popers claim that FFA content
will no. incrcasc after he~t treatment, nrovided noisture content
was keunl wt about 5 per cont (27,31,34)¢ Most of the authors recommends=
cd that the stabiliz.d bran nust be stored in molsture-proof container
to prevent the moisture rising bigher than 3.5 per cent (14,48).
Under this condition, oxidative detorioration of oil may take place,

however, no reference to it is available,

2. Moist heat preccessing of rice bran

Moist heat has gencrally proved to be the most effective in
inactivating lipases. Treating bran with live steam at atmospheric
pressure for 3 minutes, the enzyme activity seens to be absolutely

terminated (.13),

When moist heat is used to inactivate lipaces, the process
is normally followcd by drying and or cooling. Modst heat pro-
cessing of rice bran results are tabulatcd in Table 2. The table
covers the heating, drying and cooling conditiocns, modsturc
content of ktran after stabilizcotion and during storadgce, kecping
quality, as wcll as comments ... and has been uscd for moist

heat trecatment mecthod discussion belowe
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Mcans of moist heat treatment as a basis for the description

of processes werce classified into the following cateqorics:
(a) Steam cooker and allied process;
(b) Rotating drum;
(c) Tempering and prcconditioning units of oil eXpellor;
(d) Screw conveyor;
(e) Screw extrucion,

The most simplce process for moist hceat treatment of raw
bran was done by stcaming the bran in a steam cocker or autoclave
(9,10,39,43,46)s The stuaming temperature and time varied between
100-125°C and 1 minute to 3 hours. Very few rueferences were
availoble on the drying and cooling conditions after inactivating
(26,46) s Tunnel cxhausters in cannina lines were also used as a
steaming unit ... however, stabilization could not be achieved
(10)s Instcad of dir.ct injection of steam inte the kran, some
workers added water until the moisture of the bran had reached
17 to 40 per cecnt, and then dried it either in a2 grain or a
rotary dryer (10,34)4.. howcver, the treated bran was not stabilized
by this mean. The bran may not have beon steamed thoroughly and the

keeping quality, thus, differed extcnsively (43),

Rotating drum was used as an alternative in trials to
steam the bran homogeneoucly (20,34). The bran was stcamed at
100°%c for 5 mins, then dried and cooled (20). This treated bran

kept satisfactorily for 3 months.

There are several other methods cmployed in the treatment
of parboiled rice or oil seeds, offering <~rtain possibilities
as stabilizers, ce.g. tempering and preconditioning units of oil
expcller and parbeiling stcam kettles (45). The treated
temperature was between 95-97°C for 8 to 30 minutcs. Moisture
picked up during steaming was 2 to 3 per cent, but this was lost

during overnight shade drying. It is rcported that the treated

bran remained stable for approximately 25 days (d5).




- 12 -

A patented method of enzyme inactivation was proposed to
take place in a 90=~foot screw conveyor divided into sections to
steam (lOOOC), dry (102~104°C), and cool the bran (13). A
Japanecse vlant consisting of three succcessive scooW Zonveyors
(steamer, dricr, and cocler) necds the removal of the final
moisturc content of bran to 3 per cent to assure good keoping .

quality (50,51),

Instituto de Agroquinmica y Technologia de Alimentes (IATA)
in Spain ho2s developad thae JATA process shown to be especially
suitable te industrial requirements (7,17). The process bogins
by dircct hcating and wetting the bran with stcam in ¢ U=shaped
through mixer. The bran then runs through a steam jacketed screw
conveyor where trcatinent is completeds The inactivited bran is
unloaded inte a flash dryer to get a dry and cool powdcred product,
The complete precess takes about 4 minutes., Storege tasts have
proved thc irrevesibility of the enzymatic inzctivation illustrating
what appcars to be the real stabilization of fresh rice bran with
properties achieved being suitable for commercial nurposes (7,17)

ees and the stakilized bran claims 6-months safe storage.

The principle of screw extrusion was used in the stabilizing
method. Adequatc moistened raw material was pressed into a specially
designed indirectly heated chamber and forced through a die, followed
by drying & cooling (7,17). The stabilized bran could be kept for
6 months. Hewever, this process has not been uscd or scaled-up
at present, A similar process was cmploved by Anderson Company,
known as the Expandolex Process (2,49)., The expander was a high
spead, high prcssure unit and the treated rice bran was dried to

between 7 to 10 percont moisturc levels. It was reportced that the

FFA content remainced stable for 84 days.




C. EQUIPHENT FCR STARILIZING RICC BRAN

Most of the avoilable papcers deal with the processes
carried out at the iaboratory scale. Only a few of which are

listed and described briefly below were used in pilot plant unitse

le Dry hcat processing equipment

{a) Electrically heatced roaster (47). The stabilizer is

an electrically jacketed revolving drum provided with a tightly
fitted lid. After charging the bron into the toaster, the
temperature is mainteined at 110-115°C for S minutes. The moisture
content of the bran is reduced to 8 per cent. The stabilized bran
is then allowed to cool. The capacity of the toaster is about

20-25 kg. bran per batch,.

(b) Stecam jocketed screw convevor (14). A small factory

at the capacity of 15 ¥T/day was biult up in Taiwan. The stabilizer
composed of steam jacketed screw conveyor in whish bran is heated

and drioed to inhibit the enzymatic action and stop ¢il dcecomposition. S
The treatcd bran is then air cooled before packing in moisture

proof container.

(c) Steam jocketed inactivatcr (25). The system requires

an inactivator and a cooler. The inactivator is a steam or hot
water jacketed drum provided with the helix agitator. The bran is
maintained in the inactivator at 105°/llOOC for a period of time
and then discharged to cthc conveyor belt cooler. The capacity of
the equipment is about 1 ton/tatch. It is rcported that the
equipment is suitable for mills with capacity up to 5 tons/hr.

of paddy.

2. Moist hcat processing equipment

(a) Jepancse plant (50,51). It consists of three

successive screw ccnveyors to stcam, dry and cool the bran.
Raw rice bran was picked up by a bucket elevator through' the

steam cooker, steamed to 95% for 3 minutes, and then flows




dovn to two continuous dryecrs. Tho molsturce contoent of the treated

bran is roduced to 3-4 por cent. Tho dried bran is then air cooloda

(b) Micro-ct.hilizer (20)e. Th2 plunt has onn rotatirg drunm
steamcer, one dryer and onc coolere The bran is steamed at 100°C for
5 minutcs, dried a2t 509 for 40 minutes with hot cir and is atmcs—
pheric coolud to 25°C for 15 minutus. The meisture content of
stabilized bran is about 10 per conts It is5 reportod that the bran

is capable cf 3 months safe storage.

(c) UeSeA. potointed nlant (13). Is a 30-foot screw con-
veyor dividud into scctions to steam (20 foot), to dry (6C foot)
and to cool (10 foot) the bran, respectively. The Lran is expelled
from the hopper and empticzd into a screw conveyor where 1t is
steamed at 100-121°C for 1.5 minutes, then dricd at 102-1C4°%C for

3 minutcs and cooled for 0,75 minutz,.

(d) Expandolex (2,49). The cxpander is a high spced,
high pressure unit. The bran is conveyed threugh the barrel by a
continuous worm shaft toward the discharge plate, watcer and steam
(121-128%) are added raising the moisture level and completely
blendinqg and mixing the material. As the sterilized bran is
extrudcd from the expander through the die plate, the sudden

decreasc in pressure causes the liquid water to vaporisce

After expansion, thc rope~lile or crumblc products is
usually dricd to 8-10 per cent moisture levels and, also, to
harden the particles, It is clzimed that, thore was no change
in FFA content after storage for 84 days. Howcver, the unit
requircs large zapacities (100-300 ton bran/day), ncods high

investment, and high power consumption.

(e) IATA stobilizer (7-17). The unit compriscs an

inactivator, a dryer and a coolcr. The inactivator consists
essentially of a U~shaped trough mixer (primary stabilizer) with
the bottom perforated by a series of small holus through which
steam is injected, and a thermally insulated screw conveyor

(secondary stabilizcr) which acts as an "extra=holding" bodye.
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As fresh bran enters the primary stoabilizer, steam conden=
sation increcases its moisture about 5 percentage units and heats it
to the equilibrium opcration tempurature. In these conditions
enzyme inactivation including peroxidase is rapidly effected.
Finally, resulting treatcd bran is flash dricd and coolced to room
temperaturc. Total processing time, including drying and cooling,

is about 4~5 minutcs.

IATA process has bueen shown to be especially suited to
industrial requircments (5). The unit is continuous, ecasy and
simple to opcrate, practically only a watchman is requircd in
operating the equipnent. It is made from low cost material. The
equipment is compact and does not require any special work to
install, 1ts prcduction rate can be voried to suit requirenentse.
At prescent, plants have been constructed to meet requircment of two
different p:odﬁction retes:  (a) pilot plant scale: about 100
(50-200) kg« bran/hr., and (b) commcrcial scale: about 450(100-500)
kg. bran/hr.

D. ENERGY PRODUCING UNITS

A G - 2

All stabilizers developed require either hot air and/or
steam production, thereforc, a boiler is uscd as a steam gencrator.
Pew references mention the source of energy used in rice bran
stabilization (5,38). One adopted an oil (petroleum) burner as a
heat source for rotary drum (38), and another used gas-oil, petro-
leum, or fucl-oil as steawm generator in stabilizing bran (5). Only
one éroup uscd flue gascs, generated by burning agricultural wastcs
or any solid fucl to hcat the tube in which bran was stabilized

(34).

There is a need for simple, low~-cost, locally manufactured
stabilizer utilizing rice husk as the fuel for steam and hot air
for mill use (20), However, solely, stabilized bran using rice
husk is under studies at TATA, Spain (5).
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CHAFTER I1

A S - -~ . an

RELEVANT DATA FOR THE DESIGN OF

RICE BRAN STAPILIZING PLANT

In designing a small capacity, low cost rice bran stabiliz-
ing plart, the assumption should be made that the stabilized bran
should have a shelf lifc of at least one month and the FFA content

should not increase more than cne percent from the initial figurce

It is presently known that, only heat treatment can effective=-
ly inactivate enzyme lipases. From the literature survey in
Chapter I, the details of necessary figures and data were tabulated
and shown in Tables 1 and 2 for dry and molst heat treatments, res-
pectively. Therefore, either dry or moist heat treatment may
stabilize rice bran, but the degree of stabilization may depend

on the methods related to heating systems, duratron, and degreec.

A. DRY HEAT TREATMENT

Even though, dry heat was claimed to be a reversible des~=
truction of enzymc activities (50) compared to moist heat, yet, dry
heat treatment appears applicable and dependent upon the shelf life
required,land the process is rather uncomplicated. In places where
moist heat facilities might he unavailable, economically, and a
stabilizing unit urgently needed, the dry heat treatment should be
given priority.

I

Among the dry heat equipment discusscd in Chapter I, it
can be seen that, for effective stabilization, the equipment should
have some means o° agitatirg or stirring the rice bran. Screw .
conveyor or rotating drum may be the most suitable means technolo=-
gically for this purposce. The bran could be stabilized for at
least one month by treating for 20 minutes at t:omperaturcs between
105°to 110°c. The moisture content of the treated bran should be

lower than 10 percent before storage. The cost of stabilization



reporto oosang an olectrically revolving drun is Ue.S.$85 per tonne

(46).

the MOIST HEAL TREATMENT

e e -

Moist hcat has becen proved to be more effcctive than droy
heat in stabilizing rran {or longer shelf-1ife (4334 For offecilive
and cconcaical stanilization, the process should he continucus and
consist of an inactiwvetor, 2 dryer, and a coolar, Moist hweat pro-

cessine oouipment previsusly reported (Chanter 1) dncludad pristing
drur, and scroew conveyor type inactivators, thercforea, the ine
activatnr should be eguipped with soune means of acitating or

sticring.

Only 5 minutes suposure to live steam is roquired to ine-
activate caty "es in rlue tran.  However, when rico rran is injected
with live steam, the nmolsturs content «7 the hran will increase,
thus, the stoamed bral sheould o d-ied Lo lore than 10 mercent
r it ir o te ke ostosod in tropical

moicture contornt, escocia

conditions.

+

The reported cost of stabilizacion o4 rice hran per tonne
@

of Japanese plant (5C) ard TATA plant (7,17) wore UeSe33e4 and
¥ P y

3.75, respectively,



CHAPTER 11T

STUDIES ON RICE BRAN STABILIZATION AT ASRCT

Rice bran stabilization methods were studied at ASRCT for
laboratory scalc as well as pilot plant including the preliminary
cost study of th: pilot plant in order to explore the possipility

of a commcrcial process for stabiliuing rice bran.

A. LABORATORY SCALE

l. Stabilization bv soaking in hexane

Hexane could not stabilize rice bran. Aftcer soaking raw

rice bran in hexane, the FFA content increased gradually (52).

2. Rice bran stabilization Qx'drv Feal treatrwznt

- R = R T T A L R N e ]

. . . -0
Rice bran was sprcad on tray and heated at 100-1057°C in an
electric oven for 1% to 2 hours (24). The trcated bran was stored
. o, - -
at room temmeraturc (28-30C). It was found that the FFA contcnt

increased from 10,1 to 25.8 percent in 44 days.

In order to £find *+Y . .ptimum time in stabilizing rice bran
the study was carried out by choosing th. hcating temperature at

110°C and the heating time interval ranged from % to 4 hours (52),

The treated bran was then stored in pclyethylocne bag in
laboratory (24% during working hours). Aftcr 9¢ days storagc,
the FFA content increcased from 3.6 to 19,07, 1.8 to 17.93%, 4.7 =o
11.3%, 4.6 to 6.8% and 5.8 to 13.2% for tnc trnated time of b, 1,
2, 3, and 4 hecurs, respectively, It was reported that deying tince

of 3 hours at 110°¢ gave the best result.

The effect of temperaturc of treatment on fermation «
FFA in ricc bran was also investigated (11}, Rice bran of 3,0 cm.
layer thickness was heated at llO-lSOOC for 3 hours., The treatcdt
bran was packed in polyethylena bag and stored at the laborvatery

condition.
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The effect of storage containers and conditions on the
formation of FFA of saturated stcamed rice bran in layer of 3.5 cm.
thickness at l.4 kg/cm? gauge for 15=30 minutes was further ex-—
plored (1l). The moisture of thc treated bran was between 12 and

13.9 per ccnt.

It is reported that the trcatud temperature and time uscd
could not stabilized the bran, eaven though, the trcated bran was
packed in polyethylcene bag and at low tempcrature (240C, €0%
humidity), unless the steamcd bran was further dricd at 105~116°¢
for 30 minutcse The moisturc content of the bran treated in this
way was reduced to 2.4 per cent, and the bran packed in polycthylenc
bag could be kcpt well for at least 3 months in air-conditioncd rocm

(24°c, 60% humidity).

Be PILOT PLANT SCALE

only moist hcat treatment process was studied for pilot

plant scale (23). The pilot plant for batch, rice bran stalzilization

consists of a steam chest in which a trolly with 4 trays could be .-
moved in and out. The steam chest was a cylindrical autoclave
horizontal type, with a length of 150 cm. and a diamecter of 100 cm,

and the inside pressurec was 3 kg./cmz.

The study was designed to find the optimum condition for
rice bran stabilization by varying: (a) steam pressure (0.7 to
2.0 kg/cm2 gauge), (b) steaming period (7.5 to 15 minutes), and
(¢) rice brar layer thickness (1.5 to 6.0 ci or S kg to 20 kg
bran/tray). The moisture content of the treated bran varied
betwcen 11.6 %o 13,5 per cente

The bran was packed in cheese cloth bags and stored in an
"open" room at 23-32% and 50-90% humidity. It was claimed :hat
it is technically possible to stabilize rice bran by steaming it

in an autoclave,
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The proposced stabilizcd condition should be: (a) steam
pressure: 2.9 kg/cm2 gauge, (b) stcaming period: 7.5 minutes, and
(¢) layer thickness of 3.0 cme Therefore, the cepacity of this unit
was 40 kg bran/batch. The FFA content of the bran treated as above

incrcased from 3.4 to 5.9 per ccent in 20 days.

The effect of storage containers and conditions was studied
on the formation of FFA of saturated steamed rice bran by using
the above equipment (11)., The thickness of bran layer was only
2 cme (30 kg bran/batch). The treated pressurc and time used werc
l.4 kg/cm2 gauge and 15«90 minutes, respectively. However, the
treated bran was not packed in the same series of containcer and
stored at the samc series of condition for the different treatment
times. So, it is quite difficult in intcrprcting the results,

Thus, it was concluded that:

(a) Stabilized condition does not depend on steaming time
only, but also storage containcr as well as storage

condition,

(b) Steamcd bran with 10 per cent moisture and packed
in a cheese cloth bag is usually stabilized for 20
days in an "open" room of 60-20% humidity and

24-32°C temperaturc.

(c) Packing of steamed bran in polyethylene bag is
recommended when moisture in bran is lower than
10 per cent, othcrwise molds will easily grow and

develop a high FFA content,

(d) Steamed bran packed in chcesc cloth bag and stored
in low percentage humidity place such as air-
conditioned room (55-70% humidity) can be stabilized

for at least 4 months,

(e) Steamed bran packed in plastic bag can also be
stored in refrigerator of 4°c without deterioration

for at least 6 months.
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(f) Additional drying (% hour at 105-110°C) of bran after
steam trecatment will ensure the bran stabilization,

in this way bran can be stored for at least 6 monthse
C. COST STUDY

A prcliminary cost of two rice bran stabilization plants
was studiecd (21,22). The first one was the batch type pilot plant
experiment proposod by ASRCT group (23)., However, the storage
test of the trcated bran has been conducted for only 20 days and
it appears to have a definite increasce in FFA content. In the
second one, thc Expaindolex process, which needs greater pzwer,
greater pressurc and a larger capacity unit was adopted (21).
However, this plant appears, under present conditions, invalid

for economical application in Thailand.




CHAPTER 1V,
PROPO%EP RICE PERAI STABILI1ZING MEREODS

The causcs of ricc bran deterioration arc not only the
enzymes present in the bran, put also microflora and inscctse
Heat has been claimed to inactivate enzymes and simultancously
kill microflora and insects. Howcver, heat affcets the nutritive
value of rice bran, more or 1css, depending on the degree of the
treatment, whilc it also Jdestroys the natural toxicants which may

appecar in ricc bran.

The assunptions in designing the low cost rice bran
stabilizing cquipment was made carlier that thce stabilized bran
should be stcred safely for at least one monthe. The recommended
FFA content should not increcase more than 1 per ccnt from the

jnitial value ... which should also be less than 5 per ccnte

Bascd on the rosults obtained from the work done in
different countries already reported in Chapter I,II and III,
the conclusion as wecll as the recommendation ¢an be drawn along

the following lines;

A. Proposed rice bran stabilizing method for dry hecat

treatment.

Proposed rice bran stabilizing method for moist heat

trcatment.

In-linc quality controle.

A. PROPOSED RICE BRAN STABILIZING METHOD
FOR DRY HEAT TREATMENT

Most workers attempt to stabilize rice bran while still

lacking fundamental knowledge concerning the basic principles of
rice bran stabilizetion. Dry heat treatment may not inactivate
lipolytic enzyne totally (50), and availeble data does not assure
complcte and irrcvesible stabilization of all cnzymcs concerned

with rice bran detcrioration. However, dry hcat is capable of




stabilizing bran =~ under sufficient time paramcters, especially
in those placces where a boiler and moist heat facilitics arce

comparatively unecconomical to provide,

If the dry heat process is proposed, it should include
drying and cooling procedurcs. Values of different dry heat para-

meters are recommended as follows:
(a) Temperature, lOS-llOOC;
(b) Time, 20 minutes;

(c) Moisture content of bran after stabilization should

be less than 10 per cent;

(d) While heating (drying), soie type of agitator should
be provided.,

The flow diagram fcor dry heat treatment is shown in
Figure I. Parameters selected are based mostly on the basic
principles of rice bran stabilization discussed earlier (Chapter I,
II,I1I and Table I), The temperature range 105-110°C and the
agitator aided trecated time of 20 minutcs should not char the -
bran (4). |

The only purpose of dry heating is to 4inactivate enzymes,
~not to dry the bran, In tropical country, the moisture content of
the treated bran should be lower than 10 per cent to assist in the
keeping quality of treated bran., 1In decreasing the temperature of
trcated bran down to room temperature, a cooling process should be
employed. Fursthormore, cooling may help prevent autooxidation and

spontancous combustione

The drying equipment designed is equally important in
order to heat the bran thoroughly. Any heating equipment with

any type of agitator, e.g. revolving drum and screw conveyor

may be recommended,




Figure I. Flow diagram of dry heat process.

RAW BRAN

M.CJN 12%

!

DRYER
Heat ——p ~Screw conveyor Temperature, 105-110%
~Rotating drum Time, 20 minutes
M.co & 10%
COOLER

STABILIZED BRAN
Moc.  10%
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B. PROPOSED RICE ERAN STABILIZING METHOD
FOR _MOIST HEAT TKEATMENT

Moist heat has becn proved to be more cffective than dry
heat in stabilizing bran (43). Moist heat treatment on the
appropriate condition of moisture contoent, temperature and time
achieved total irreversible destruction of all enzymes in bran
oil detcrioration ... also, destroying infestations by micro=

organisms and insccts (5,7,17).

Therefore, moist heat treatment under appropriate conditions,
allows the stabilization of rice bran of excellent keeping quality

and effects the nutritive value of rice bran very mildly.

Drying and cooling are also important stcps in assuring

the keeping quality of stabilized bran.

Assuming moist heat treatment is uscd, the process should

be continuous and include stabilizing, drying and cooling phascse

Conditions nccessary for satisfactcry stabilization are

well known, values of different paramet .rs are as fcllowss
(a) Moisture, 16-=18 per cent;
(b) Tempecrature, 100-105°C;
(c) Time, 5 minutes;
(d) Heating source, steam;

(e) Activator should be equipped with some type of
agitator;

(£) Moisturce content of bran after stabilization
should be less thon 10 per cente



Figure II. Flow diagram of moist heat processe

RAW BRAN .
MeCen)12%
ACTIVATOR
Steame—) -Screw conveyor Temperature, 100°¢
~Rotating drum Time, 5 minutes

MoC oz 16%

A

FPLASH DRYER

M.Co { 10% -

b

: |
’ FLASH COCLER l

STABILIZED BRAN
MeCe ¢ 10%



The flow diagram for moist hcat trcatment is shown in

Figure II. Paramcters sclected are based mostly on the basic
principles of rice bran stabilization discussed earlier

(Chapter I,II,III and Table II).

Flash drying should be most appropriate, since it is
quite mild treatment &s concern bran quality, it assures uni-
formity of drying and is suitable for continuous process. Again
the moisture content of the treated bran should be lowcr than
10 per cent to assure kceping quality, especially in tropical

conditionsa

In bringing the temperature of treated bran down to room

temperature, flash cooling is recommended.

C. IN-LINE QUALITY CONTROL

Among the enzymes found in rice bran, peroxidase is the
most heat resistant, thorefore, that process which inactivates
peroxidase will have destroyed other enzi mes damaging bran, €ege
lipases. Mecasurement of residual peroxidase activity has proved
to be a rcliable and practical method for assessing the effective=
ness of stabilization. Available quick methods for peroxidase
evaluation allows in-line quality control of the stabilization
process, which is of outstanding importance to assure successful

industrial practice.



CHAPTER V

CHARACTERISTICS OF STABILIZED RICE BRAN

D, 4 D AT e 4. B A M Y B M. o O R AT . T LD WD S A A

Rice bran stabilizing methods werc proposed in Chapter 1V
In order to indicatc the technologicial, bioechemical and otherwise
substantive feasibility and efficiency of the rice bran stabilizae-

tion methods, laboratory and/or pilot plant tests were carricd out.

Dry hecat treatment was conducted in a stcam jacketod kettle
with stirrer, using 2 kge. bran per batch. The raw bran was heated
at 105-110°C for 20 nminutes. For the moist heat treatment pProc:ss,
a cylindrical autoclave (23) was uscd, 7The thickness of bran lever
was about 0.5 cme The steamcd bran was then dricd in a steam

jacketed kettlce with stirrer for 10 minutes at 105°C.

A. PHYSICAL CHARACTERISTICE

ith reae to particle sizc distribution, sir aneous
With rcogard to narticle s Mstribution, simultanecous

n

stabilization mecans some advantage On the other hand, stebilized
bran powder also contains a lower proportich »f £fine particles than

the raw matcrial as shown in Table 3 belowe

Table 3. Effect of heat treatments on particlce

size of bran

(%) bran retaince? on screen

ASTM
sieve Raw Dry Moist heat
NO. bran hcat -
(mesh) : Boefore Afver
drying drying
20 5.2 7.8 7.8 10.8
40 33,2 17.4 28.4 23.8 '
60 £0,0 64,0 53,8 57¢5
80 11.4 10.6 58 1.6

N 100 0.4 0.2 0.2 0.2
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B. PEROXIDASE ACTIVITY

Peroxidase activity is used as an index of rice bran
deterioration. The mcthod uscd in peroxidase determination is
the modification of Vetter, eteal. (44). Peroxidase activity of

the treated bran is shown in Table & wlov.

Tablc 4., Effect of hcat trecatmnents on

peroxidase activity of ricc bran

Peroxidase activity
(absorbance units per gram)

Raw rice bran 26,25
Dry heat treated bran 0
Moist heat treatcd bran, before drying 0
Moist heat treated bran, after drying ¢

.Co MOISTURE CON:: NT

. The moicsture content of raw and stabilized bran is shown
in Table 5 below.

Table 5. Effect of heat trcatmcents on

moisture content of rice bran

Moisturce content

(%

Raw rice bran ' 12.1-12,2
Dry heat trcated bran 3.9~ 443
Moist heat treated bran, before drying 14.3=17.2

Moist heat treated bran, eftcer drying Tel= 946




The result of moisture content parameter of rice bran
It is clear that

after stabilization arc shown in Figure IIT.

the bran, moisture content after stabilization 9.4-9.8 per cent,

could be stored safely for at least one month, while the treated

bran of 12,2-12.6 per cent molsture content could be kept for

only 9 days.

De MICROORGAMISMS

The process of stabilizaticn destroys the microorganisms

(Table 6).

The destruction of mold spores is specially important

in order to prevent their growth and lipase production.

Table 6.

the microorganisms of rice bran

Effect of heat treatments on

Total count
microorganisms/q

Molds/g

Raw ricc bran 120-160 million

Dry heat treated bran 200=40C0
Moist heat treated bran, before

drying 10-40
Moist heat treated bran, after

drying 20-50

52«68 thousand
not detected

not detected

not detected




% FFA CONTENT (AS OLEIC ACID)

Figure III.

bran on FFA content during storagc.

Effect of moisture content of treated
The bran was
kept in cheesc cloth bag and storced in open room
(temperature 24-30°C; relative hunidity 60=90%):

(A) Bran stcamed at 1.4 kg/cm2 pressure, bran layer
thickness 3.5 cme, laboratory scale experiment,

(B) Bran steamed at 1.4 kg/c:m2 pregsure, bran layer

thickness 2 cm., pilot scale experiment,

MOISTURE CONTENT 12.2=12.6%
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CHAFTZR VI
THE RECOMNENDED RICE BRAIL STABILIZATION I'ETHORS

Technologically speaking, it appears that, as a result of
the prescnt comparative study of rice bran stabilizing technologics,
the moist hcat treatment iz meost effective and, thus, should be
recommendad for use as the basis for dcsigning arnd development of
a rice bran stabilizing ¢quipment. However, it is economically
unattractive if such ecquipment is of small scale destined for
develcpricnt and usc in develeoping countrics whore simpliciey of
operation and very maintcnancé are dosirablcs. Therefore, a dry

heat mcthod is hereby recommendcds

Since smnll sized rice mills processing less than 5 tons of
paddy per day usually produce lower quality rice bran, cege. a -
mixture of coursc and fine rice bran containing only (approximately)
13 percent oil, which is notr cconomical if the rice bran is intended
for oil extraction. If, such small quantitics of rice bran may be
readily stabilized == to cnhanco keeping qu-lity == through simple

toasting (dry fryving) in a pan, with stirrcr, over an open fire.

However, a larger sized rice mill (processing 5-10 tons of
paddy pcr day) is the ninimum sized unit which yields 300-600 kilo-
grams of ricc bran (per 3 hour day) of oil cxtracting grade. Thus,
the practical and ccononical capacity cf a rice bran stabilizing
unit should begin at apvroximatcly 600 kilograms por day (75 kg/hrs)

go as to corrclate with the rice milling pracesse.

Description of thc recommended dry hcat rico pian st topbilizmoern

With a proposed 75 kg/hr. rice bron stabilizing capacity
as the basis, it is expccted that an innctivator utilizing indirect
heat and mechanical stirring will be used as the stabilizer. : .
(see Pig.IV). Bran produced by the rice mill, with upproximatoly
12 percent moisture content at temperaturc at 25%¢ or higher, is

fed into the drier at a rate of about 75 ky/hr.
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Bran fed directly into the stabilizer, from a mill hopper,

should normally have a tcmperature higher than 25°C, thus, reducing
the initial cnergy consumption nceded to raise it to the 105-110°%
level (within 20 minutos) required for stabilization. At the same
instant of heating the moisture content is reduced to less than

10 percent (approximately 8 pcrcent is used in the calculation). ‘

The stabilized bran is discharged at the end of the heating
tube and allewed to cnol, naturally, to 70°c before being packed in
gunny bags (60 kg/rag)e The flow diagram of the reccommended rice

bran stabilizing process is shown in Figure V.

The material balance is summed up as follows:

Rate Composition
Feed 75 kg/hr. bran with 12% 66 kg. bran
moisture content 9 kg. moisture
Product 1) 71l.74 kg/hre bran with 1) 66 kg. bran
8% moisturc¢ content S5.74 kge. moisture --
2) 3.26 kg/hr. water vapor. 2) 3.26 k3. water vapor.

With a screw conveyor inactivator heated by flue gas from
a rice husk furnace, heating through a jack:t, the stabilizer's

energy balance is summarized as followse.

Rate of bran fed 75 kg/hre
Maximum power 4,5 hpe
Diameter of screw conveyor 9 inche
Length of screw conveyor | 3.8 metres
Rate of hcat required 4407.8 kg-cal/hre

(heat loss by scrow conveyor is negligible)
Rate of heat reaquired 5510 kg-cal/hr.

(25% heat loss by screw conveyor is assumed)
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Temperature of flue gas in 300°¢

Temperature of flue gas out 140°%
Heating value of rice husk 1400 kg-cal/hr.
Rate of rice husk consumed 4 kg/hr.

(heat loss by husk furnace and pipe is negligible)

As for the mechanical power requirements of 4-6 hJ%epowcrs
a simple pulley and bclt system tapping the spare power (20-40%)
from the rice mill power system would be adequate and should be

economically attractive.
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