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Eglana.torx notes

The following abbreviations are used in this report:

ASRCT Applied Soientifio and Researoh Corporation of Thailand
FFA Free fatty acid
psi Pounds per square inoh

The designations employed and the presentation of the material in this
document do not imply the expression of any opinion whatsoever on the part of
the Secretariat of the United Nations concerming the legal status of any country,

territory, city or area or of its authorities, or conceming the delimitation

of its frontiers or bhoundaries.
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INTRODUCTION

The Seoond General Conferenoe of UNIDO, held at Lima, Peru, in March 1975,
in adopting the Lima Declaration and Plan of Aotionl{ oalled upon UNIDO to
assist the developing countries in .he research, development and applica- .
tion of innovative ieohnologies, ard in the establ.shmeni of small-scale rural-
oriented agro-industries. Also stressed in the Lima Declaration is the need
for oo-operation between developed and developing countries and among the

developing countries themselves in the transfer of industrial teohnology.

In order that it might better discharge these new tasks, UNIDO was res-
truotured to inolude ai International Centre for Industrial Studies and, within
it, a Development and Trausfer of Technology Section. A projeot given priority |
by the Section was to undertake research and development on a small-socale 1ow-
oost rice bran stabilization unit (ID/B/173 and A/C.5/31/11, para. 103, item
3.4, project No. UI"[‘-S/76). This decision was taken in view of the need for
more economic and effioient utilization of rice bran in the developing
countries. The proposed project would have an impact on the development and

application of technology in rural areas where the rice mills are looated.

To define the scope of the projeot, an Expert Group Meeting was oonvened
at the headquarters of the Eoonomic and Social Commission for Asia and the
Paoifio (ESCAP) at Bangkok, in May 1976. The Meeting reviewed the importanoe
and usefulness of the projeot and recommended that a researoh projeot be
suboontracted to the Applied Soientific and Researoh Corporation of Thailand
(ASRCT). Acoordingly, ASRCT was entrusted with developing the techniscal
parameters, and with defining en appropriate design for a small-capacity,
low-cost rioce bran stabilization unit for attaohment to existing small-scale
rioe mills. On oompletion of this study, UNIDO oconvened the present ad~hoo
Expert Group Meeting on the Research and Development of a Small-Soale, Low~
Cost Rice Bran Stabilizing Unit, with the main objeotives of identifying
alternative prooesses and designs and of promoting the co-operation of institutes
in developing countries in the further development of the project. The Meeting

-1/ Endorsed by the United Nations General Assembly at its seventh
speoial session (resolution 3362 (S-VII)). |




was held at UNIDO headquarters in Vienna from 6 to 10 Deoember 1976. The 1list
of partioipants is given in annex I. The titles of the papers presented to
the Meeting appear in annex I1I. W.H. Tanaka, Aoting Head of the Development
and Transf~r of Teohnology Seotion, was eleoted Chairman of the Meetings;
H.G.R. Reddy, UNIDO Regional Industrial Adviser, ESCAP/UNIDO Division of
Industry, was elected Rapporteur; and H. Koening, UNIDO, acted as special
technioal adviser to the Meeting.

In his opening statement, Mr. Tanaka drew attention to the importance of
the project and briefly sketohed in the background. The world output of
paddy was 300 million tons, which was equivalent to a rice production of 200
million tons. This would oorrespond to the availability of 12 million tons
of rice bran with a potential of nearly 2 million tons of rioe bran oil. It
was known that rioe bran was at present being used to a limited extent in the
extraction of oil and that a large quantity of it was not being put tc the most
eoonomioal and profitable use. The main issue was the poor quality of the bran,
whioh deteriorated rapidly immediately after being separated from the grain in
the milling prooess. The teohnology of rioe bran stabilization was known, but
the question was to adapt the technology to a low-capaoity industrial scale
unit to be attaohed to rioe m‘lls in rural areas, and to make it available at
a oost that the average rice miller oould afford. It was emphasized that tho
foous of the Meeting should be the development of a new design for a rice bran
stabilizing unit; this should be simple in design and operation while low
in energy oonsumption. The long—term objeotive was to make rioe bran a

valuable industrial raw material by stabilization, not only for the extraction

of oil but also as one of the ingredients in the feed industry.




I. PARAMETERS OF A SMALL-SCALE, LON-COST RICE BRAN
STABILIZING UNIT

The Expert Group had before it a disoussion paper, the ASRCT report
"Draft study on the definition of the most suitable rice bran stabilizing
teohnology, its verification and the speoification of its teoniocal parameters"
(ID/WG.240/2). It was agreed that a disoussion of the fundamentals of rice
bran stabilization should preoede consideration of alternmative proocesses and
designs. It was deoided that the oonolusions of the report would be taken up
during the general disoussion on the fundamentals and prooesses of rice bran
stabilization. To make the disoussion effeotive, an attempt would be mage
to reach agreement on the parameters of the projeot. In the disoussion that
followed, in view of the importanoce of stabilizing rioe bran at the souroce of
its produotion, it was deoided that the looation of the unit should neoessarily
be at the rioe mills.

The Expert Group oonsidered existing rice-milling teohniques and oonoluded
that only about 15 per oent of oommeroial mills would be suitable for the
attaohment of the rice bran stabilizing unit. It was known that a large
peroentage of the rice mills did not have proper iare—prooessing equipment,
partioularly the dehusking machinery whioh resulted in the mixture of bran,
husk and brovken rice. The Group therefore decided that the stabilizing unit
would be appliud, on a seleotive basis, mainly in oonjunotion with rice mills
of an average milling capaoity of one ton of paddy/hour.

As a large number of rice-milling units had no equipment for the separation
of husk and bran and since a substantially large quantity of bran of
acoeptable quality would beoome ava:i,labie provided oertain pre-prooessing
equipment were attached, the Expert Croup agreed that the installation of
proper husk separators and the adoption of multipass milling techniques would
augment the availability of rioe bran suitable for stabilization, as would
also the introduotion of simple bran sifters.

The oonocept of rioce bran varied from country to ocountry, as a result of
the different milling practices employed; what was referred to as bran also
oontained husk and broken rioce to a varying extent. It was deoided, therefore,
to define rice bran as the product ocomposed of the outer and imner layers of
rioe grain and the germ, with the exclusion of the husk partioles and brokens,
and therefore containing a high peroentage of fat and protein.




There was oonsiderable disoussion on the physical and chemical properties
of bran available in the rioe mills. These properties oould vary aocording
to temperature, atmospherio humidity and storage conditions. The Expert Group
therefore deoided that the bran would have the following charaoteristios:
initial free fatty acid (FFA) of not more than 4 per oent and a moisture content
of 12 to 13 per oent.

The Expert Group deoided that as researoh and development on stabilizing
oonditions varied widely, it was necessary to define certain limits within
whioh the stabilization oould be ocarried out. Therefore, it was agreed that,

depending on the prooesss

(a) The temperature of the bran should be around 100°C;

(b) The duration of stabilization should be short;

(c) The residual moisture oontent should be optimumj

(51) The FFA oontent of stabilized bran should not exceed 10 per oent;

(e) The stabilized bran should have a keeping quality of at least four
weeks for oil extraotion and eight weeks for use as a feed ingredient.

It was well known that bran was used as a feed-stuff for livestook and
as an ingredient in the produotion of oompound animal feed-stuffs (balanoed
rations). The quality of the protein in the bran was an important faotor
from the point of view of nutrition and therefore the oonditions adopted for
stabilization should not disturb the nutritional value of the bran. The Expert
Group agreed that thcre should be a minimum of denaturation of protein to be
measured by the availability of essential amino acids in the bran to be used

as a high-quality feed ingredient.

The Expert Group also oonsidered the effect of heat treatment on the bran,
whioh resulted in the formation of oxidation produots or rancidity. It took
into aooount the ocolour of the oil, whioh is likely to be fixed under oertain
oonditions of heat treatment. The Group agreed that the effeot of hydrolysis of
triglyoerides and the formation of oxidation produots or rancidity should be
kept at a minimum in the appliocation of heat. Colour fixation in the oil
should be avoided.

The Expert Group noted that, while oonsiderable work had been oarried out on
the technology of rioe bren stabilization, little or no attention had been
paid to what might be referred to as post-stabilization teohnology. Its
importance wae recogniszed sinoe once the bran had been stabilized, its keeping




quality should be prolonged so that it would be a useful industrial raw
material, both for oil extraotion and the feed indusiry. The Group agreed
that the post-stabilization teohnology should inoludes

(a) Prevontion of regeneration of the lipase aotivity, of inseot
infestation, of the growth of mioro-organisms and of rodent attaoks; ]

(b) Packaging oonditions;

(o) Storage and transport oonditions.

There was oonsiderable disoussion on the reed to motivate the rioe
millers to take up the stabilization of rice bran, whioh neoessarily involved
additional oapital and operational ocosts. It was also suggested that, unless

suffioient inoentives were available or the stabilization unit oould be proved -
eoonomical, it might be diffioult to have it adopted on a oommercial soale. -
The Group agreed that the inoentives to the millers, and the oost benefits

of the stabilization of bran should be exanined.
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II. TECHNOLOGY OF RICE BRAN STABILIZATION

When the Expert Group had established the parameters of the project as a
whole, it discussed the processes and designs so far known for the stabiliza-—
tion of rice bran. In the light of the information available and the research
and development work that had been carried out, the Group thought that the
stabilization of rice bran could be broadly divided into two processes: dry
heat and moist heat. In developing a low—cost, low-energy stabilizing wnit R
the use of rice husks as a source of energy was of particular interest. It
was decided, therefore, that the ge.ieration of heat or energy through the use

of rice husks should be examined separately from the technology of stabilization.

Considerable discussions took place on the comparative merits of the dry-
and moist-heat processes. In support of the dry-heal process, the Expert Group
considered a theoretical concept of a dry-air, small-scale, low-—cost rice bran

stabilizing plant (see figure I).

It was generally thought that the capital cost of dry-heat equipment might
be less than that of a moist-heat process. According to available information
on the dry-heat process, the reduction of moisture was from 12 to 6 per cent.
It had the disadvantages of denatu.ation of the protein owing to direct contact
with the hot air and of agglomeration of the bran in a fluidized-bed gystem,

In weighing the dry-heat process further, doubts were expressed as to the con-
trol of the hot-air temperature, the extent of cooling of the treated bran and
the possibility of ash being mixed in the bran itself. 1In support of the pro-
cess, it was mentioned that instead of blowing the hot air directly, the possi-

bility could be explored of introducing a heat exchanger.

With regard to the moist-heat treatment, it was claimed, on the basis of
the research and development work carried out, that it destroyed not only the
lipolytic enzyme-lipase but also the oxidative enzyme—oxidase, both of which
were responsible for the deterioration of the quality of the rice bran. 1In
the process that had been tried, it was argued that the disadvantage of agglo-
meration (aggregaters) of bran had been overcome. The keeping quality of the
stabilized bran was reported to be at 6 per cent FFA fo:* a period of 90 days
with reference to the protein quality of the bran. It was noted that this pro-
cess had not been tried sufficiently under the humid tropical conditions pre-—
vailing in the developing countries where rice bran is produced. In the dis-—
cussion of this process, reference was made to the possibility of adding water

insteal of steam at the initial stages.




- » " .
" NV TPT7IIFHIS : . : 1
¢ , A , :
. M\I R J 1 | 2914p yoieq Apped ® Jo; padoyassp se Tt
_ ! sjuouodwc o paUSIsap-THY] jo osn Futsew 3Tun 3urZT(IqQE}S ”
B oo uelq 1800-MO] [BTIIENPUT S[BOS—][eUWs ate-£ap e jo jdeouoy I auxndtd ‘L“;-|¢
i i
et
. *3L61F Jequaesag 01-¢ |
Blleld fuiTu) £O1ZT1Tqeg weay so1g - o
$E00~MOT STROG-T(BUE ® Jo juendorsaag !

TUe JOIEISod oy} U0 FuTisap dnodp
ModXE OOH-TV. ‘OCINT :50dnog

PO PPAD 4 NVIe YNINMOGyYE ¥F 3 2X I
ANOIDAD P : WVILS JISY™M DWISH . INVHOXT L3
Sy 10200 thrg F , UIONYNIING LVIH HLIM
A T TT I Iy S | QILVvINIVILY FHVYNINS A hH

At Rl T A I (
{ |
l i
| | |
1 f

ﬁ

N
|

[ samiLvNdILTV

ﬂ * P a1 2- & “427F Yo {4 4-4 h D1y Ly

Y dewsd OPUIDIY ONE
Pl Peves LY 284 T
R | NO SO~ PO

2 e 2ok

- R | T
- - " r ’v
-1 w LIOPC ¥O rudNTT? : —— —a L 14
. “ -t Y svons
- ” R MOMOPE bSO NIVYD
i ¢ T R ¥ T ODwek 1y

B (orsovorve)

A oL o VS RIMOTIY
BE{ SO ww NPADT
/K\Q.V.VK Saweeovgm

1
i
t
1

ya // “ Y I ary wSOHN
{ - - ThvTs W LOWY . !
Yrewc/y ~o¥YQ _ Prs SPOYaO> ™ -——
- — AYDsmrt FOMNML SIT VV.&W\V\“'

SR R e e A B S v B e PR L R e S R R B e it e e B it B e B R s e
R+ i




- %;;'

-11 -

In view of the competing claims regarding the advantages of both proces-
ses, a comparative diagram was drawn (figure II) from which it may be seen that
in the moist-heat process there is the additional step of steaming the rice
bran. Except for this, the drying process in both methods would amount to a
removal of about 4.5 per cent of the moisture. The dry-heat process results
in 95.6 kg of bran with 8 per cent moisture content, whereas the moist-heat
process results in 100 kg of bran with 12 per cent moisture content. The latter,

therefore, is of greater commercial acceptability.

In the ensuing discussion, particular reference was made to the possible
disadvantages of moisture centent in the moist-heat process, such as (a) the
growth of micro-organisms, (b) hydrolysis of triglycerides, (c) rancidity and
(d) agglomeration. It was explained that the moist-heat treatment did not pro-
duce these adverse effects and, in the view of the Group, such deterioration -

occurred only when the moisture content was higher than 12 per cent.

It was also mentioned that a large number of rice mills in the organized
sector were already equipped with steam boilers, and the steam wa: readily
available. In addition, the use of rice husk, which at present is considered
to be a waste material, would economize on the cost of fuel for raising the
steam. The requirement of steam in the moist-heat treatment was said to be
about 10 per cent of the bran weight, which was considered an insignificant
amount. Contrary to these advanfages, the dry-heat process still suffered
from a number of drawbacks, such as the risk of the regeneration of the lipase
activity with the increase of moisture content and the more serious problem of
agglomeration of the bran in the fluidized-bed treatment. The process developed
by the Central Food Technology Research Institute was also briefly considered;
it involved the dry-heat process, and the Group came to the general conclusion
that because of the design of the equipment and the use of electricity as a

fuel it might not be a suitable process to be considered within the parameters

decided upon for the project.
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IIT. IDENTIFICATION OF RESEARCH AND DEVELOPMENT ACTIVITIES

The Expert Group was not in a position to identify specific designs for a
small-scale, low-cost rice bran stabilizing unit within the parameters defined
and according to the technology discussed in the previous section. The Group
felt that before a decision could be taken, further extensive work would have
to be carried out on the analysis and evaluation of the competing processes,
and on designs that might already be available or that needed to be developed.
The Group therefore decided to divide itself into three working groups covering:
husk furnace a.nd/or heat exchange; rice-bran heat processing; and packaging,
storage and transportation of heat-processed rice bran. The conclusions and

recommendations of the groups are as follows:

Husk furnace a.nd[or heat exchange

Heat efficiency

Assumed effective heat production: 1 kg husk = 2,000 kcal
(Bff. = 66 per cent) (12 to 14
per cent moisture content)

Furmace efficiency: 90 per cent after providing for 10 per cent
radiation loss

Consequently, the furnace is to produce 1,800 kca1/1 kg husks

Parameters for construction

Fuel
Variable control of husk feeding (stoking) from husk hopper to
combustion area
Continuous discharge of ash
Provision to arrest the fly-ash from flue gas

Air

Ad justable primary air inlet
Ad justable secondary air inlet
Porced draught (direct or indirect)

Heat exchanger

(if required for flue gas)
Flue gas through-flow area should be accessible for cleaning
Heated-air through-flow area should be accessible for cleaning
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Exchanger should not cause excessive restrictions to flow of flue
gases or heated air

Optimum efficiency in heat transfer should be in balance with con-—.
struction costs and heat requirement

Construction should permit economic and easy replacement of worn-
out parts

(if required for steam)

BExchanger should be designed for low-pressure wet steam: maximum
1 kg/om2 or 14.5 psi

Steam through-flow area should be accessible for cleaning
Heated—-air through-flow area should be accessible for cleaning

BExchanger should not cause excessive restrictions to flow of steam
or heated air

Optimum efficiency in heat transfer should be in balance with con-
struction costs and heat requirements

Construction should permit economic and easy replacement of worn-
out parts

Provisions for condensate removal should be included

Specifications

Capacities of furnace and heat exchangers, the velocity of heated air, the
temperatures of flue gas and heated air should be compatible with stabilizer

design and requirements.

Rice-btran heat processing

Stabilization methods

Heat stabilization is generally accepted as a method for the stabilization
of bran. It can be divided into two processes, depending on the means of
heatings

(a) Dry-heat stabiligers are heated with either direct or indirect con-
tact heating to achieve an efficient heating effect. The dryers may be heated
by hot air or flue gas resulting from husk burning and can be divided into ro-
tary dryers, conveyors, or fluidized beds;

(b) Wet-heat stabiligers are divided into autoclaves, conveyors, stack
cookers. They depend on moisturization of the bran to be stabilized, followed
by a drying process.
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General requirements of stabilizer

Low—cost with an efficient stabilization
Suitable for attachment to small rice mills in rural areas
Easily operated with less attendance

Basily maintained

Design and function of stabilizer

The stabilizer is designed for 100 kg/h and should fulfil the following
conditionss
Temperature of the bran should be around 100°C
Shorter residence i1ime of the bran, i.e. 3 to 5 minutes
Efficiency in heat transfer

FFA per cent of the stabilized bran does not exceed 10 per cent on
an average

4-8 weeks storage depending on environmental conditions

High=quality oil and protein constituents

Packaging, storage and transportation of
heat-processed rice bran

The conclusions of this working group were as follows:

(a) "Stabilization" should be taken to mean the process commencing with
heat treatment of the bran after milling, and terminating with its use as an
animal feed or as a raw material in further processing. However, it was gener-
ally understood to mean the heat processing only, and attention was drawn to a
possible problem of terminology in this connexiony

(b) There was an urgent need for studies of the physical properties of
rice bran basic to packaging, storage and transportation;

(¢) There was also an urgent need for detailed studies of biochemical
microbiological changes in heat-treated bran stored under normal commercial
conditions, particularly in the humid tropics. An objective of such work should
be the establishment of criteria for safe storage and the development of pro-
cedures for monitoring changes;

(d) Considering the hazards and costs associated with storare and trans-
portation of bran in reusable gunny bags, it was recommended that a study should
be made of altermatives, including simple forms of bulk storage and transport;

(e) The importance of "good housekeeping practices" in storehouses for
bran at rice mills and of further:processing units was emphasized;

(f) Control of infestation by rodents and insects was an integral part
of the bran stabilizing process and, in particular, facilities should be avail-
able for disinfestation when required;
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(¢) There was a need to promote research and development work on post-—
stabilizing 1echnology. 1In this connexion, the development of a standard labor-
atory stabilizing unit would be helpful.

The question of pelletizing the stabilized bran was considered in the »
operation of continuous solvent extraction plants. It was known that the
batch system did not require pelletization of the bran, whereas in the case of
the continuous plants this was a prerequisite. Opinion varied as to the suit-

ability of pelletizing the stabilized bran. However, the Expert Group desired

o o, s | i

that this question should also be examined under the post-—stabilization technology.

! The conclusions reached by the three working groups could form the basis

i for the continuation of the project on the rice bran stabilization programme.

T

R
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IV. ECONOMIC AND SOCIAL ASPECTS

The main consideration should be the availability of incentives for the
rice millers to justify the additional capital and operational costs involved
in the installation of stabilizing units. One view was that the solvent extrac-
tion plants that were interested in securing raw material of a superior quality
might be interested in investing in wnits for attachment to rice mills. Since
the extraction plants were economically more powerful, they could perhaps under-
take this activity once the stabilizing units had been succegsfully developed.
However, a reservation was expressed about the problems that might arise in the
dual control and management of the units. In support of investment in the
stabilizing units, it was mentioned, on the other hand, that it could create
additional employment opportunities in the ancillary branch activities in rural
areas, and also that the higher cost of the raw material would be sufficiently
offset by the sale >f rice bran o0il for the domestic or export markets and of-

defatted bran of a higher protein content and better keeping quality.

It was also suggested that a conscientious effort be made to create mar- .
kets for the stabilized bran. To this end, feasibility studies had to be care
ried out, especially on market demand or demand analyses with particular refer-
ance to the rate of return and the benefits that would accrue by the installation

of stabilizing units.

The Expert Group placed considerable emphasis on the choice of equipment or,
in other words, the adaptation of a technology appropriate to the conditions pre-
vailing in the rural areas. This was broadly interpreted as generating employ-

ment and keeping capital costs low.

The traditional use of rice bran in rural areas, such as for livestock
feed-stuff, could not be changed unless alternative low-—cost feed-stuffs were
made available to the farmers. Another point to be considered was the problem

of middlemen in the purchase of the raw rice bran from the millers.

The extraction of 0il from rice bran had been a well-established practice
for the production of both edible and industrial-grade oils in some countries

such as Burma, India, Japan and Thailand, whereas in such vegetable~0il expor-

ting countries as Indonssia, Malaysia, the Philippines and Sri Lanka it had not
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Yet been found feasible or profitable to extract oil from rice bran. Covern-

ment policies and incentives would also affect, to some extent, the increased

use of rice for industrial purposes.

In order to examine the numerous economic and social problems confronting
the profitable utilization of rice bran as an industrial raw material, the
Expert Group agreed that a project be initiated that would encompass the issues

discussed.

The Group recognized that the stabilization of rice bran was the first
essential step towards its fuller utilization as an industrial raw material,
both for the extraction of o0il and for the feed industry. Much remained to be
done through research, development and extension to promote its most economic
and profitable utilization. To this end, the Group recommended that a manual
be published containing comprehensive informatior on the science and technology

involved as well as on the potential of commercial utilization of rice bran.
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Annex II
PAPERS PRESENTED TO THE MEETING l

Draft study on the definition of the most suitable rioce
bran stabilizing teohnology, its verification and the
speoification of its teohnical parameters
by the Applied Socientifio Researoh Corporation of
Thailand (ASRCT) -

Rioe bran stabilization
by H.G.R. Reddy, UNIDO Regional Industrial Adviser, ESCAP/
UNIDO Division of Industry, Housing and Teohnology,
Economio and Social Commission for Asia and the Paoific
(EscAP), Bangkok, Thailand

General outlook on heat stabilization of rioe bran
by M.H. El-Mallah, Research Professor, Naticnal Researoh
Centre, Cairo, Egypt

Rioce bran stabilization
by D. Adair, Head, Industrial Development Department,
Tropical Products Institute (TPI), Berkshire, UK

Socio-economic aspects of rioce bran stabilization in rice

produoing countries
by M.H. El-Mallah, Research Professor, National Research

Centre, Cairo, Egypt

Stabilization of rioe bran
by S. Barber, Deputy Direotor, Instituto de Agroqufmioa y
Tecnologfa de Alimentos (IATA), Valenoia, Spain

General outlook on industrial dryers
by N.H. El-Mallah, Research Professor, National Research
Centre, Cairo, Egypt

Engineering aspeots of a simple low—cost rioce bran stabilizer
by P.S. Barton, Agricultural Engineer, International Rice
Research Institute (IRRI), Bangikok, Thailand
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