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ABSTRACT 

The annual production of rice bran is approximately 40 million tonnes. 
Out of this 6-8 million tonnes consists of edible oil, a similar quantity consists 
of high-quality protein, and there is a high proportion of vitamins, trace 
elements and other nutrients. In spite of this, rice bran is at present an 
under-utilized by-product. 

There is a great deal of information on rice bran, but it is widely scattered 
and difficult to obtain, in some cases muddled and in others incorrect and 
generally fragmentary. A publication which assembles, classifies and critically 
examines the information available will therefore be useful for teachers, 
researchers and industrialists concerned with the post-harvesting technology of 
rice and, in particular, with the problems relating to a by-product as valuable 
as rice bran. 

The United Nations Industrial Development Organization is aware of the 
importance of this subject and of the need for a comprehensive source of 
information, and has therefore published the present volume, which simul
taneously assembles and analyses the existing information on the subject and 
presents a rational and systematic discussion of the scientific and technical 
basis of the industrial processing of bran. 

The publication covers in its six chapters the production of bran, the basic 
principles of stabilization, the characteristics of the by-product, control of the 
process, the technology for stabilization, and the problems of conservation and 
storage. 

The subject of bran production is dealt with from its beginnings, with an 
analysis of the rice grain and an examination of the manufacturing process, 
a~tention always being focused on the by-product, bran, rather than the 
primary product, rice. An understanding of the grain as the raw material for 
the production of bran must include a knowledge of its morphology, 
microscopic structure and chemical composition. The entire process of bran 
production is discussed: cleaning, husk removal, husk separation, paddy 
separation, whitening, polishing, collection of fractions of bran and germ 
separation. Various types of plant are discussed with the aid of numerous 
diagrams, covering the technologies, ranging from the simplest to the most 
sophisticated, that are used throughout the rice belt. 

Two chapters deal fully and in detail with the problem of stabilization. In 
chapter II the basic principles of stabilization are set out, with descriptiotts of 
the inactivation of enzymes, the destruction of micro-organisms and the 
control of other harmful constituents. This information is supplemen!ed by a 
consideration of stabilization methods, the stability of the constituent~ of bran, 
and the effects of the different treatments on the composition and properties of 
the by-product. 

A chapter is devoted to the morphology, anatomy, histology and histo
chemistry of the discrete particles that make up commercial rice bran. Special 
attention is paid to the rice germ. 

In dealing with the control of rice bran production, the work sy~
tematically analyses the methods for measuring the degree of milling and their 
application to process control in the husk-removing, whitening, po:ishing and 
grading stages. 
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Another chapter of the publication is devoted to the storage of rice bran. It 
describes the different types of deterioration, analyses the causes and factors 
that determine them, and discusses the changes that take place in the chemical 
composition and properties of the by-product. 

Chapter V is devoted to the specific technology for stabilization. It reviews 
physical and chemical methods of stabilization, paying particular attention to 
processes using heat, and it describes and critically examines the processes, with 
their many variants and diverse conditions, and the corresponding machinery. 
The chapter ends with an analysis of the criteria for evaluating stabilization 
methods. 

The publication includes a large number of tables, graphs, diagrams and 
photographs and some photomicrographic material to contribute to the 
understanding of the information presented. The wealth of carefully chosen 
bibliographical references reinforce the facts and opinions in the text and 
provide sources of additional information. 
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SOMMAIRE 

La production annuelle de son de riz avoisine 40 millions de tonnes. Sur 
ce total, l'huile comestible represente de 6 a 8 millions de tonnes et Jes proteines 
de qualite une quantile equivalente; on trouve aussi une forte proportion de 
vitamincs, d'oligo-Clements et d'autres elements nutritifs. En depit de ces 
atouts, le son de riz est aujourd'hui un sous-produit insuffisamment utilise. 

II existe une grande quantite d'informations sur le son de riz, mais celles-ci 
soot eparpillees et difficiles a obtenir; elles soot quelquefois confuses, 
quelquefois imprecises et presque toujours incompletes. II serait done utile pour 
Jes enseignants, Jes chercheurs et Jes industriels de disposer d'une publication 
qui rassemblerait, classerait et analyserait de maniere critique toute l'infor
mation disponible sur Jes techniques utilisees une fois le riz recolte et, plus 
particulierement, sur l'ensemble des problemes relatifs a un sous-produit aussi 
precieux que le son de riz. 

L'Organisation des N:itions Unies pour le developpement industriel, 
consciente de l'importance du sujet et de la necessite d'une source exhaustive 
d'informations, a done decide de publier le present volume, qui rassemble et 
analyse Jes donnees existantes sur le sujet et procede a cette occasion :a un 
examen rationnel et systematique des for.dements scientifiques et techniques de 
la transfonnation industrielle du son. 

Les six chapitres du present ouvragc examinent la production du son, les 
principes de base de la stabilisation, les caracteristiques de ce sous-produit, la 
maitrise du procede, Jes techniques de stabilisation et les problcmes de 
conservation et de stockage. 

La production du son est envisagee en amont : analyse du grain de riz et 
examen du processus de fabrication, l'at!ention s'attachant toutefois au sous·
produit - le son - et non au produit primaire - le riz. Pour connaitre le 
grain dans sa fonction de matiere premiere pour la production de son, ii faut en 
comprendre la morphologic, la structure microscopique et la composition 
chimique. L'ouvrage examine dans sa totalitc le procede de fabrication du son: 
nettoyage, decorticage, separation du riz d'avec Jes balles et le paddy, 
blanchiment, po!tssage, ramassage des brisun:s de son et extraction des germes. 
Differents types de plants soot examines a l'aide de nombreux diagrammes qui 
rendent compte des techniques - depuis la plus simple jusqu'a la plus 
elaboree - utilisees dans la riziculture. 

Deux chapitres exhausuf s et detailles som consar.rcs au probleme de la 
stahilisation. Le chapitre II en presente les principes de base, decrivant 
l'inactivation des enzymes, la destruction des micro-organismes et la maitrise 
des autres composants nocifs. Cette information est completee par l'etude des 
methodes de stabilisation, la stabilite des elements constitutifs du son et les 
eff ets des divers traitement~ sur la composition et les proprietes du sous
produit. 

Un autre chapitre porte sur la morphologic, l'anatomie, l'histologie et 
l'histoc:1imie des particules discretes qui constituent le son de riz commercial. 
Le germe de riz retient tout p<articulicrement !'attention. 

En cc qui concerne la maitrise de la production du son de riz, l'ouvrage 
analyse systematiquement les methodes permettant dt· mesurer le degre 
d'usinage et !'application de ces methodes au controle des procedes, aux 
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diverses etapes du decorticage. du blcmchiment. du polissage et du classement 
par qualite. 

Un autre chapitre est consacre au stockage du sous-produit. II decrit Jes 
differents types de deterioration, en analyse Jes causes et facteurs determinants 
et examine Jes modifications intervenues dans la composition et Jes proprietes 
chimiques du sous-produit. 

Le chapitre V est tout entier consacre a la technologie specifique de 
stabilisation. II passe en revue Jes methodes physiques et chimiques de stabi
lisation, en insistant tout particulierement sur Jes procedes faisant appel a 
la chaleur. et ii fait une description et une analyse critique de ces procedes avec 
leurs nombreuses variantes et la diversite des conditions dans lesquelles ils sont 
employes. ainsi que des machines correspondantes. Le chapitre se termine par 
une analyse des criteres d'evaluation des methodes de stabilisation. 

L'ouvrage comporte un grand nombre de tableaux. graphiques. dia
grammes et photos, ainsi que du materiel photomicrographique qui permet de 
mieux comprendre l'information presentee. D'abondantes references biblio
graphiques, soigneusement selectionnees, viennent etayer Jes faits et opinions 
consignes dans le texte :t representent une source d'informations comple
mentaires. 

6 



EXTRACfO 

La producci6n anual de salvado de arroz se aproxima a los 40 m~~lones de 
toneladas. De ellas, de 6 a 8 millones corresponden a aceite comestible, y otras 
tantas a proteinas de buena calidad, asi como a una elevada proporci6n de 
vitaminas, oligoelementos y otros nutrientes. A pesar de ello, el salvado es, en 
la actualidad, un subproducto insuficientemente utilizado. 

Existe mucha informaci6n sobre el salvado de arroz, pero esta muy 
dispersa yes dificil de obtener, en algunos casos, confusa, en otros, incorrecta 
y, en general, fragmentaria. Una publicaci6n que recoja, ordene y analice 
criticamente !a informaci6n, serci, por tanto, util para los educadores, 
investigadores e industriales interesados en la tecnologia postcosecha del arroz 
y, en particular, en la problematica de ese valioso subproducto que es el 
salvado. 

La Organizaci6n de las Naciones Unidas para el Desarrollo Industrial, 
consciente de la importancia del tema y de ia necesidad de contar con una 
fuente global de informaci6n, ha editado el presente volumen, en el que al 
mismo tiempo se reline y analiza la informaci6n existente sobre el tema y se 
presentan y discuten, de forma sistematica y razonada, las bases cientificas y 
tecnicas de la industrializaci6n del salvado. 

La publicaci6n incluye, a lo largo de sus seis capitulos, la producci6n del 
salvado, los principios fundamentales de la estabilizaci6n, las caracteristicas del 
subproducto, el control del proceso, la tecnologia de la estabilizaci6n, y la 
problematica de su conservaci6n y almacenamiento. 

El tema de la producci6n de salvado se aborda desde su origen, 
analizcindose el grano de arroz y examinandose el proceso de elaboraci6n, con 
la atenci6n siempre centrada en la obtenci6n del subproducto, el salvado, antes 
que en la del producto primario, el arroz. El conocimiento del grano como 
materia prima para la producci6n de salvado incluye la morfologia, la 
estructura microsc6pica y la composici6n quimica. Se examina todo el proceso 
de la producci6n de salvado: limpia, descascarillado, separaci6n de la 
cascarilla, separaci6n del palay, blanqueo, pulido, recolecci6n de las fracciones 
de salvado y separaci6n del germen. Se examinan diversos tipos de plantas con 
ayuda de numerosos diagramas sobre las tecnologias, desde las mas simples a 
las mas complejas, utilizadas en todo el cintur6n arrocero. 

Dos capitulos tratan, con amplitud y detalle, del problema de la 
estabilizaci6n. En el capitulo II se exponen los principios basicos de la 
estabilizaci6n, describiendose la inactivaci6n de cnzimas, la dcstrucci6n de 
microorganismos y I.a lucha contra otros componcntcs pcrjudicialcs. Esta 
informaci6n SC COffifiCmcnta con Un analisj~ de los metodos de estabiJizaci6n, 
la estabilidad de los componentes del salvado y los efectos de los distintos 
tratamientos sobre la composici6n y las propiedades del subproducto. 

Un capitulo esta dcdicado a la morfologia, anatomia, histologia e 
histoquimica de las particulas discretas que constituyen el salvado comercial. Se 
concede especial atenci6.n al germen de arroz. 

Al tratar del control de la producci6n del salvado de arroz la obra analiza 
sistematicamente los metodos de medida del grado de elabcraci6n y SU 
aplicaci6n al control del proccso en las etapa~ de descascarillado, blanqueo, 
pulido y clasificaci6n. 
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Otro capitulo de la publicacion esta dedicado al almacenamiento del 
salvado. En el se describen los distintos tipos de deterioro, Se analizan las 
causas y factores que los determinan, y se estudian los cambios que se producen 
en la composicion quimica yen las propiedades del subproducto. 

El capitulo V esta dedicado a la tecnologfa especifica de la estabilizacion. 
Se revisan los metodos fisicos y quimicos de estabilizacion, dedicandose 
espedal atenci6n a los procec!:mientos termicos y se describen y examinan 
criticamente los procesos, en sus multiples variantes y condiciones, asi como la 
maquinaria correspondiente. Cierra este capitulo el analisis de los criterios de 
evaluaci6n d\! los metodos de estabilizacion. 

La publicacion incluye gran numero de tablas, graficos, esquemas, 
fotografias y material fotomicrografico, que contribuyen a la comprension de la 
informacion presentada. Las ref erencias bibliograficas, cuidadosamente selec
cionadas y muy abundantes, respaldan los conceptos y opiniones expresados en 
el !exto y proporcionan fuentes de informacion adicional. 

8 

'· 



RICE BRAN: 
AN UNDER-UTILIZED RAW MATERIAL 



UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZAUON 
Vienna 

RICE BRAN: 
AN UNDER-U'l'll,JZED 

RAW MATERIAL 

• UNITED NATIONS 
New York, 1985 



The rlesignations employed and the presentation of th.! material in this 
publication do not imply the expres!>ion of any opinion whatsoever on the part of 
the Secretariat of the United Nations concerning the legal status of any country. 
territory. city or area or of its authorities, er concerning the delimitation of its 
frontiers or boundaries. 

Reference to names of firms or to commercial pru<!ucts and proc~ses does not 
imply endorsement by the United Nations. 

ID/320 

UNITED NA TIO NS PUBLICATION 

Sales No.: E.84.Il.B.3 

02100P 

ISBN 92-l-!06199-7 

0 



Preface 
Rice is undoubtedly one of the world's basic human food items. It is by far the 
most important cereal food in South-East Asia and the Far East and is fast 
gaining in popularity in Africa and Latin America. 

Rice, however, differs markedly in structure from other common cereals, 
and specialized processing methods are required in order to make it edible. 
Paddy is thus the raw material for an important branch of the food-processing 
industry, namely the rice-milling industry. In an efficiently run mill, the 
production of white rice will go hand in hand with the production of its 
by-product-rice bran. So far, however, rice bran, with its rich oil, protein, 
mineral and vitamin content, has not been given the attention it deserves as an 
extremely valuable secondary raw material for the production of vegetable oil 
and protein human food or animal feed. 

Many national and international research institutes have been working to 
develop the production and processing of rice bran and thus pave the way fo:: 
efficient industrial processing operations. As a result of their efforts, and 
certainly also in \/iew of the fact that the vegetable oil industry in developing 
countries is sufferi~g from a severe shortage of raw materials, rice bran appears 
to be well on its way to becoming a recognized raw material for the production 
of vegetable oil and protein animal feed. Nevertheless, a great deal of work will 
still have to be done in this area before the food-processing industries can 
extract the full value from this by-product, thereby enabling it to make an 
effective contribution to human food supplies, particularly in developing 
countries. 

The present publication has been prepared by Dr. S. Barber and 
Dr. C. Benedito de Barber, of the Instituto de Agroquimica y Tecnologia de 
Alimentos, Valencia, Spain. It is intended to provide all those interested in 
rice-bran production and processing operations with detailed and comprehensive 
information on rice bran as a by-product and as potential raw material. The 
United Nations Industrial Development Organization (UNlDO) hopes that the 
publication will provide answers to many of the problems besetting the 
development of this useful by-product. 
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ABB RE VIA TIONS 

Besides the common abbreviations, symbols and terms and those accepted by the International 
System of Units (SI). the following have been used. 

CBB 
CEM 
FDNB 
FFA 
HgBPB 
Kl.ff 
KS 
NPU 
PAS 
P[R 
psi 
RHE 
rpm 
sp/g 
TBA 
TDT 

AOCS 
CFTRI 
IATA 
PPRC 

Technical abbretialions alld symbols 

coloured bran balance 
carbon dioxide exchange method 
fluorodiritrobcnzene 
free fa•ty acids 
mercuric chloride - bromophenol blue 
Korean Institute of Science and Technology 
Klett-Summerson 
net protein utilization 
periodic acid reagent 
protein efficiency ratio 
pounds per square inch ( I psi = 0.069 bar) 
relative humidity at equilibrium 
revolutions per minute 
spores per gram 
tiobarbituric acid 
thermal destruction time 

Organizations 

American Oil Chemists Society 
Central Food Technological Research Institute 
Institute of Agrochemistry and Fnod Technology 
Paddy Processing Research Cemre 
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I. The rice grain, milling and 
the production of bran 

The rice grain: raw material for the production of bran 

Anatomy of tire rice grain 

The rice grain (paddy) (sec figure I) is composed of the caryopsis 
(dchuskcd or brown rice) and associated struc .. res-lemma, palca, rachilla, 
sterile lemmas and arista (I], which together make up the husk. The rachilla is 
found at the lower extremity and is separated from the pcdicel by an abscission 
layer; on top of the rachilla there arc two sterile lemmas ( .. sterile glumcs", 
.. external glumcs"), with two flowering glumcs, the lemma and the palea, which 
envelop the caryopsis. The two sterile glumes, which may differ in length and 
shape, arc shorter than the lemma and the palca. The lemma, which is located 
on the ventral side of the caryopsis, covering the germ, has five vascular 
bundles. It is longer, wider and of more uniform thickness than the palca 
(about 0.1 mm), but slightly smaller. The palca, which is on the dorsal side of 
the caryopsis, has three vascular bundles. At its edges it has a lodiculc, ensuring 
hermetic closing with ~he lemma [2]. Both the lemma and the palca terminate in 
an extending tip or apiculus, with a filiform extension-the arista, awn or 
beard-in the case of the lemma. The external surf ace of the lemma and palca is 
covered with numerous trichomcs, but hairless varieties have been obtained, 
with very f cw or no trichomcs (2, 3). There is a space between the husk and the 
grain, varying in width from one variety to another, which may partly explain 
why husking is more difficult in some cases than it is in others (4). 

During the threshing process, the grain normally becomes separated from 
the pedicel at the abscission layer. In some varieties, however, the separation 
can occur when the pcdicel itself is broken [I]. When the grain is husked, the 
caryopsis is uncovered. It has elongated or rounded oval-shaped fruit, largely 
composed of seed [5], with ridges on the surface, corresponding to the ribs of 
the lemma and palea [l]. The external layer of the caryopsis is composed of the 
pcricarp, which envelops and protects the seed, to which it is closely attached. 
Immediately below the pericarp is the seed-coat, or tegmen;1 then come the 
aleurone layer and the starchy endosperm. 

The germ is lodged in a hollow, in the lower abdominal region of the 
grain, adhering to the endosperm. It is covered by the aleurone layer, the secd
coat, the pericarp and, finally, the lemma. 

'The legmen is often wrongly referred to as the testa. The testa is derived from the internal 
teguments of the ovule, which is destroyed before the caryopsis matures. The legmen represents the 
internal cellular layers of the internal teguments of the ovule [I]. 

I 



1 Rice bran: an under-utilized rail· material 

Figure I. Rice grain (1addy rice. rough rice) 



The rice grain. milling and the production of bran 3 

The morphology of the grain, together with other characteristics (geo
graphical distribution, morphology of the plant, ste1 ility of hybrids and 
serological reaction), has served as a basis for classifying cultivated rice into 
three subspecies: indica, japonica and javanica. The grain of the first is thin and 
rather flattened, that of the second short and rounded, and that of the last wide 
and thick [I]. 

There are marked differences in the length and shape (ratio of length to 
width) of cultivated rice grain, with or without the husk or processed (see 
tab!e ! ) .. The differences have made it possible to establish grades of rice based 
on these characteristics, which have been incorporated into the legislation 
regulating the rice market. 

In cultivated rice the proportions of the various anatomical parts of the 
grain also differ (see table 2). 

TAHLE I. DIMENSIONS OF RICE GRAINS OF COMMERCIAL 
VARIETIES0 

(Millimf'trer) 

Typt ofricr &11g1h Y..'id:h Thick;inr 

Milled: long grain b.7-7.0 1.9-2.0 i.5-1.7 
medium grain 5.5-5.8 2.4-2.7 1.7-1.8 
short grain 5.2-5.4 2.7-3.1 1.'1-2.0 

Brown: long grain 7.0-7.5 2.0-2.l l.6-1.8 
medium grain 5.9-.;.1 2.5-2.8 i.li-2.0 
short grair: 5.4-5.5 2.8-3.0 2.0-:.1 

Paddy: long grain 8.9-9.6 2.3-2.5 1.8-1. 9 
medium grain 7.9-8.2 3.0-3.2 l. 9-2.1 
short grain 7.4-7.5 .1.1-3.6 2.1-2.J 

Source: Webb (6). 

aehauacharya ( 1974) (7) .• as reported more extreme values: lengtlis of 
10.84 mm for p ·ddy and 3.99 mm for milled rice; widths of 2.28 .nm for paddy 
and 1.71 mm for milled rice; thicknesses of l.S9 mm for paddy and 1.43 mm for 
milled rice. 

TABLE 2. ANATOMICAL DISTRIBUTION OF MASS IN THE 
RiCE GRAIN 

Anatomical part 

Husk 
Pericarr 
Aleuronc: and seed-co•t 
Starchy endosperm 
Germ 

DMost usual val Jc ranaes. 

hJuliano [8). 

Rrlativt man 
(ptrcrntaf{t) 

17-22° 
1-2b 
4-6b 

g9.94b 
2.3b 
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Histology of tlr~ ric~ grain2 

Husk 

The histological structure of the two flowering glm~~s is similar, but there 
are some differences; for example, the region of the principal rib is rather 
thicker and the epidermic cells are slightly smaller in the palea :ban in the 
lemma. The average thickness is about 120 µm [2]. 

In a cross-section of either of the two flowering glumes, four layers of 
tissue can be seen: the outer epidermis, the sclerenchyma, the parenchyma and 
the inner epidermis (see figure 2) (2, 3]. The outer epidermis has a sinuous and 
ridgy surf ace formed by radially lengthened epithelial cells with thick walls, 

Figure 2. TraDSYer-..e section of the lemma of the rice grain 

(Magnification 140X: stained with safranin-phcnol) 

in1e dimensio:-~ given !r: thir. section may be influenced by the specimen preparation 
tcc:hr.iques, and this fact should be taken into account. 

' ' _.....,,_...,_,..._ 
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wrinkled, with deep recesses and arranged axially in rows. In histological 
preparations of samples steeped in nitric acid and potassium chlorate, the 
epithelial cells of the palea have been found to vary in length from 30 to 80 µm 
and in width from 20 to 100 µm, and those of the lemma have varied in length 
from 60 to 90 µm and in width from 50 to 120 µm [2]. The trichomes are evenly 
distributed between these cells. They stick out through the cutin-silica layer and 
penetrate inside cis far as the sclerenchyma (see figure 3). The trichomes (see 
figure 4) are conical, transparent, colourless, hollow and unicellular, their size 
depending on the varietf of rice and the position of the trichomes in the grain 
(those in the dorsal region 2re longer than those on the lateral surfaces). Their 
walls are thicker at the base and as they age the wall thickens and the cavity 
decreases in size [2]. The sclerenchyma is formed by tWI} or three layers of cells 
(measuring 150-600 µm in the histological preparation~ of steeped samples 
referred to above), with very thick (4-6 µm) angular walls. The parenchymatous 
layer varies in thickness and is composed of from two to four layers of spongy 
cells [9]. These are of two types, either tangentially elongated, with thick ancf 
sinuous walls, or short, with thin walls [2]. They are 20-30 µm long and 
10-15 µm wide [9]. The parenchyma!ous cells include tubular and cross cells 
[3, 10). The vascular bundles lie between the sclerenchymatous and paren
chymatous layers. Those of the palea, especially the central vascular bundle, are 
more differentiated than those of the lemma. The inner _epidermis, which is 
6-12µm thick [9], is made up of some three !ayers of isodiametric cells, with 
very thin walls and empty lumen; these layers are tightly compressed, and 
therefore difficult to differenti~te [2, 10]. 

Figure 3. Histological transverse section of the rice husk 

(Magnification 400X) 

(10)------Y< 

(1)---~~ 

Key: 

(1) Cuticle 
(2) Apex of siliceous covering 
(3) Longitudinal siliceous bands 
(4) Outer epidermis 
(5) Branched scleren.~hymatous cells 

Souru: AnaJadeue ( 10). 

~'~~rlrf4---(5) 
~~~~?r.C 

~--(6) 

---==t---(7 I 

(6) SclP.renchymatous fibres 
(7) Tubi..lar cells 
(8) Longitudinal cells 
(9) Inner epidermis 

(10) Attached hair (tnchome) 
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Figure 4. Trichome or ~ rice bask 

(Magnification 800X; stained with ~ranin-phenol) 

The sterile glumes have a s!mpler histologic,d structure than the f!owering 
glumes. They are boat-shaped, pointed at the front and U-shaped at the other 
end, where they touch the rachilla. The length along the rib can m:asure from 
3.35 to 1. 75 mm [9]. In the ~ransverse section the sterile glumes consist of an 
onter epidermal cellular layer and a!lother inner one, formed by rectangular 
cells, tangc:ntially elongated, \Vith thiclc: walls. Between these layers are two or 
more layers of parenchymatous cells; some are elongated, with thick and 
corrugated walls, while others l\re short, with thin walls; in the rib region, the 
surface shows little differentiation [2]. 

Covering structures of the caryopsis 

The covering of the caryopsis is made up of threr layers; the pericarp, the 
seed-coat or tegm~n and the nuc~llus (see fiiure 5). The tissues of the pericarp 
can be very tightly compressed, making it difficult to distinguish their 
characteristic component layers. In some varieties they (8, 11] can be seen to 
consi$t of several cellular layers (sec figure 6). Because of the!r different 
morphological characte,·istics they may be subdivided intrJ epidermal, hypo-
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Figure 5. Se-=tlon of rice bran 

(Magnificatio:i 92SX: stained with Schifrs periodic acid reagent (PAS)) 
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Fi1ure 6. Hlstolo1y of the pericarp of the rice 1raln 

A. G'11trt1I strwt11" of tJ11 ptrirarp 

(Magnif1r.ation 200X> 

I nq ~ (1) .::::: s < 

B. Lungir11dinal section of tht mtsocarp 

(Magnification 200X) 

(2)1--f~ 

Key: 
(3) Endocarp 

(3) 

(4) 
(5) 

. r= (6) 

(5) Aleurone layer (7) Tubular cells (1) Epicarp 
(2) Mesociup (4) Hyaline layer (6) Starchy endosperm (t., Lon(litudinal cells 

Sourer: Angladette [ 10]. 
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C. Trans11trst Jtction of iht mtsocarp 

(Magnification 200X) 
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dermal. transversal and tubular cells. The epidermis consists of a layer of cells. 
transversally elongated. with ridgy walls. on which there is a cuticle. Sizes have 
been recorded from 5 x 3 µm to 20 x 10 µm (9]. The hypodcrmis is formed by 
several layers of parcnchymatous cells, partially flattened with straight walls 
and transversely elongated, whose dimensions range between 5 x 12 µm and 
15 x 80 µm (sec figure 6). In a longitudinal section. from two to five layers of 
transverse or crossed cells can be seen, elongated perpendicularly to the major 
axis of the grain. some 6 µm wide and 1-2 µm thick; in a transverse section they 
look like puncta (sec figure 6). These cells arc very numerous and parcnchyma 
and transverse cells combined produce a tissue that looks somewhat like a 
grating. The innermost layer is made up of tubular cells. They arc elongated 
and approximately cylindrical in shape. with a diameter of 3-5 µm. The 
pcricarp of two varieties of rice (Oryza sativa cv. Calo10 and Oryza sativa cv. 
Labelle) has been measured recently (12] and shown to be about IO µm thick. 
Immediately below the pericarp is the seed-coat or legmen, which consists of: 
(a) the fatty cuticle; (b) the spcrmodcrm on the side nearest to the pericarp; and 
(c) the perisperm on the side of the aleurone laye1 The cuticle can be I µm or 
more thick and is sometimes discontinuous (9, 13]. The legmen is thinner in the 
vicinity of the germ than it is near the endosperm; in short-grain varieties 
(Balilla x Sollana) thicknesses of 0.8-1.5 µm and 1.5-2.3 µm, respectively, have 
been found (14]. The cuticle in the region of the germ is also thinner (about 
0.5 µm) [12]. At the back of the seed-coat. and between it and the alcuronc 
layr.r, is the nuccllus. composed of a thick (0.8 µm) outer cuticle and a layer of 
flattened nucellar cells. in the vicinity of the germ [12J. These empty cells. 
reduced to a mere cellular wall, are arranged in rows. forming a thin but strong 
membrane [I. 15]. In some cases, the nucellus of the caryopsis of the mature 
rice has not been detected, while in others it has been found to be present only 
as a cuticle (12, 14]. 

Aleurone layer 

Botanically, the alcurone layer is part of the cndo~pcrm in which it 
originates (sec figure 7). It is located beneath the nuccllar layer. enveloping the 
amylaceous endosperm and the germ to which it is attached, except in the 
immediate area of the scutcllum and the colcorhiza (sec below, under "Germ"). 
The thickness and number of layers of cells in the alcuronc varies according to 
the variety of the grain, the region in which it is cultivated, and the conditions 
under which it is grown [ 15, 16. 17]. 

In the alcuronc, two different types of cells have been identified: one 
around the starchy endosperm and another around the germ (12. 14]. The cells 
of the aleurone layer surrounding the endosperm are largely polygonal; those 
on the ventral side are almost perfect rectangles and those on the dorsal side 
irregular hexagons [13. 16]. They are parenchymatous nucleate living cells [5], 
roughly 15-30 µm in size, with walls of uniform thickness {about 2 µm) (9. 13, 
14]. In the cytoplasm of the cells, the presence of aleurone granules, "fatty 
bodies",1 plastids, mitochondria, microbodies, vesiculas and endoplasmic 
reticules has been noted [12]. 

1Also known as "lipid bodies", which are merged intc a largrr, single body by mechanical 
action [ 12). 
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The aleurone granules are spherical, with a 1-3 µm diameter [lS, 19], and 
have at least two constituent parts: a particle with a high phytinic content, 
which is the nucleus of the protein granule; and the surrounding coat, whi~h is 
composed of proteins and carbohydrates [20]. Th: nucleus of the granule, 
which it has been suggested shl)uld be called the .. pbytinic particle.. or 
.. phytinic body". has recently been isolated [20]. The phyi.inic acid accumulates 
in the aleurone particle [21) or, more precisely, in the phytini<; particle [20]. This 
has been demonstrated by using micro-autor;1diography to trace the distribution 
of 1H-myo-inositol, administered to the rice grains while they are maturing. The 
1H appears exclusively in the aleurone granul~. The diff ercn~ between the 
aleurone granules and protein bodies of the endosperm are pa:ticularly marked 
with respect to: (a) location, as the former are found in the alemone and the 
latter in the endosperm; (b) composition, as the aleurone granules have a high 
proportion of phosphorus (12 per cent) and a low protein content (11.7 per 
cent), while the protein bodies contain little phosphorus (0.5 per cent) and a 
high proportion of protein (60 per cent); and (c) structure, since the pMtein 
bodies, when viewed through an electron microscope, are seen to be stratified 
while the aleurone granules have electron-dense bodies [lS]. 

The cells of the aleurone layer surrounding the germ are much more 
flattened (3-5 µm) (see figure SA) than in the region of the endosperm 
(15-20 µm) (see figure SB). chiefly in the vicinity of the plumule [14]. The 
cytoplasm in the aleurone layer surrounding the germ is less den~ely packed 
than it is in the region of the endosperm; the aleurone granules are absent, 
there are fewer and smaller fatty bodies and numerous ·1esiculae, thP
mitochondria and the plastids are dispersed in the cytoplasm and tiny fibres 
can be seen, some 0.0125 µm thick and up to 2 µm long. In place of the 
aleurone granules, other protein structures (possibly protein bodies) have been 
identified [12]. 

Starchy endosperm 

The starchy endosperm is surrounded by the aleurone layer, except in the 
lower ventral portion, where it is in direct contact with the germ. It is made up 
of parenchymatous cells, within thin walls (measuring 0.25 µm on average). The 
arrangement of the cells follows a common pattern for all varieties: small cells 
are arranged, like paving stones, around a central nucleus while larger cells arc 
arranged radially. Their shape also varies according to their position in the 
grain. The cells of the central portion arc rounded and polygonal (measuring 
from 45 x 50 µm to SO x 105 µm). The adjacent cells are larger and 
isodiametric, somewhat elongated or slightly flattened radially. The cells 
located in the dorsal or ventral zone next to the nucleus vary in shape, 
especially radially [13]. It has been pointed out that cultivated rice may have 
12-22 cells in the dorsal radius, 10-lS cells in the ventral radius and 10-17 cells 
in the lateral radius, and 103-256 cells in the longitudinal diameter [S, 22, 23). 

In the amylaceous endosperm, the sub-alcuronc region and the region of 
the central endosperm may be distinguished. The sub-alcuronc region has a 
relatively limited number of compound starch granules that arc oval in shape. 
The individual granules arc polyhcdric and very small (2-4 µm). Minute starch 
granules arc also found near the germ [ 13). The starch granules are surrounded 
by protein bodies [24, 25]. These protein bodies can be spherical, with a 1-2 µm 



Figure 8. Detail of the outer covering of the rice araln 

(Magnification 2,220X) 
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diameter, dense centres and concentric rings or radial faces, spherical but 
smaller (0.5-0. 15 µm in diameter), without dense centres but with concentric 
rings or radial faces, or round, crystalline, and made up of small angular units 
with a 2-3.5 µm diameter [26]. The central endosperm region is largely 
composed of polyhedric starch granules (5-9 µm), bigger than those found in 
the sub-aleurone layer [13]. The size of the individual granules can vary 
considerably (0.3 to 13 µm) [27]. The compound granules also vary in size 
(from 12 x 10 µm to 20 x 10 µm in the Bahia short grain variety) [9]. The 
individual starch granules are surrounded by protein material located in small 
sacs. Protein bodies are also found in the central portion of the endosperm; the 
only ones detected so far arc similar to the 1-2 µm spherical bodies found in the 
sub-alcurone layer [26]. There arc a large number of protein bodies in the sub
aleuronc region but few in the central portion of the caryopsis [28]. 

Germ 

The germ is lodged in a hollow in the ventral region and base of the 
caryopsis, close to where the grain is attached to the car. It is covered by the 
aleuronc layer on the outer face and by the amylaceous endosperm on the inner 
face. It is joined to the endosperm by a layer of flattened, protoplasm-deficient 
cells, with thin cellular walls. The thicknes:: of the layer is variable and it 
appears as an amorphous mass, in which it is difficult to distinguish the cells. 
When the germ is separated manually from the caryopsis, the layer remains 
partly attached to the germ. The flattened cells come from the endosperm and 
have degenerated during the maturing process of the seed, losing their cellular 
content. The germ, which varies in size, has a lenticular shape, with a 
longitudinal outer keel. In the japonica variety Balilla x Sollana, the measured 
dimensions of the germ arc 2.12 x 0.91 X 1.45 mm, and those of the grain 
6.03 x 3.2:; x 2.28 mm [14]. 

The germ shows considerable histological diff crentiation and has a 
complex anatomical structure (sec figure 9). It consists of an L-shaped 
embryonic axis, composed of the radiclc, the plumulc, the hypocotyl and the 
coleoptile; from it grow the scutcllum, the epiblast, the coleorhiza and the 
calyptra. 

As the germ is found whole and intact in the bran, of which it is one of the 
important physical components, its histological structure is described more 
fully in chapter III below, in which the histology of the bran is discussed in 
detail. 

Chemical composition of the rice grain 

In order to be able to use rice as a food, the paddy rice normally has to be 
milled in order to separate first the husk (husking operation) and then the bran 
(whitening operation). Although the only really inedible part is the husk, the 
separation of the bran increases the edibility of the rice and improves its colour, 
both of which characteristics are appreciated by the consumer. This change is 
due to the considerable differences in the chemical composition and physical 
characteristics of the .structure and constituent anatomical layers of the grain. 
The fact is that husking and whitening produce marked changes in the chemical 
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composition of rice (see table 3). During the husking process, the most 
dramatic changes occur in the crude fibre (- 90 per cent loss); during the 
whitening process the main changes are in the fat (- 75 per cent loss) and the 
fibre (- 70 per cent loss). Although the extent of these changes varies 
considerably according to the variety of the rice, its origin, the prior history of 
the consignment and the milling, they are always important. 

TABLE 3. CHEMICAL COMPOSITION OF RICE AND CHANGES OCCURRING DURING 
PROCESSING 

(Ptrctntagt) 

Rtla1i11t con1tn1 in Cluzngt dwir.g 

Comp011tn1 Paddyrict Broi.·n rict Milltdrict Husking Wlti1tni11g 

Proteins 9.24 10.12 8.38 +8.55 -17.19 
Fat 2.11 2.38 0.63 +6.16 -73.53 
Crude fibre 8.84 0.91 0.29 -89.71 -68.13 
Ash 3.35 1.19 0.55 -64.47 -53.78 
Nitrogen-free extract 76.44 85.30 90.IO + 11.59 +5.62 

If the data on the chemical composition of rice are considered in 
conjunction with the data on the materials remaining when paddy is converted 
into edible rice, the importance of milling and its by-products is readily 
apparent. 

Detailed descriptions of the chrr.1ical composition and chemical consti
tuents oi the rice grain have been given by Juliano [8, 29], Barber [30] and 
Kennedy [31]. 

The milling process and the production of bran 

No single publication deals exhaustively with the subject of rice milling. 
The grain, the machines, the working conditions and their effects on both the 
grain and its by-products, maintenance, management and administration are 
subjects that must be dealt with one at a time on a scientific and technical basis, 
taking into account many different fields of study, and focusing on a broader 
area than simple industrial practice. Excellent contributions have nevertheless 
been made recently in certain limited areas, for example by Gariboldi [32], 
Araullo, de Padua and Graham [33] and Spadaro, Matthews and Wadsworth [34]. 

Paddy rice is invariably processed in order to convert it into grain fit for 
consumption. Nobody processes rice just to produce bran. For this reason, 
milling processes concentrate entirely on the grain, on making sure that it loses 
none of its qualities and on improving its appearance; in short, the goal is to 
obtain a final product of maximum commercial value. Although this goal does 
not exclude the possibility of producing quality bran, the basic principles and 
peculiarities of the process may be ignored, with detrimental effects on 

'I ,. 
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subsequent use of the bran. This is quite apart from the fact that a thorough 
familiarity with the process of separating the bran must lead to improvements 
in the processing of rice and in the end product. 

In this section, the discussion is deliberately focused on the production of 
bran as part of the rice-milling process. A brief description of the process is 
followed by a description of the various types of equipment used a.id how 
they work; the characteristics of rice when the bran is separated are then 
analysed; and lastly, the effects of the different machines and operations of the 
process of preparation on the quantity and quality of the bran produced are 
reviewed. 

Processing 

The basic stages in the processing of rice are: (a) cleaning; (b) husk 
removal; (c) whitening; and (d) grading. The flow diagram in figure 10 shows 
how the process works. 

Figure JO. Processing in a European rice mill 

Kay.· 

(1) Cleaning 
(2) Silos for regulating the feed 
(3) Scales 
(4) Rubber-roll huskers 
(5) Husk separator 
('>) Separator 
(7) Aspiration 

(8) lf/hitening cones 
(9) Polishers 

(10) Bran separator 
(11) Germ set>arator 
(12) Whole grain separator 
(13) Grading of brokens 
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Cleaning 

At d:e mill, thl" paddy rice is cleaned so as to remove all foreign matter, 
including straw, scil, stones, twine, metallic particles and foreign seeds. 
Although the paddy will have been pre-cleaned before it is dried and stored, it 
may still contain impurities when it arrives at the mill. Cleaning is based on 
differences in ::he size, weight or form of the foreign matter in relation to the 
grain. The hghtest impurities are removed by aspiration or sieving; impurities 
that are denser than the grain but not of the same size are separated by sieving 
and those of greater density but the same size, by gravity; grains that are 
similar in size, form and weight are difficult to separate and therefore pass on 
with the rice to the following stage. 

The machines used at this stage, namely, the scalping machine (see 
figure 11), the !>l!parator sieve (see figure ~2), the vibratory grading sieve 
( .. plansifte1"). the gravity separn!or or densimetric table' and the disc separator 
[35, 36], may or may not ccmbine suction, sieving and gravity separation. At a 
later sta~e the impurities are separated by means of a magnetic separator [33]. 

Husk removal 

Once the paddy rice is clean, a husker is used to remove the husk from the 
caryopsis. The machines most often used for this purpose are the disc husker 
(see figure 13) and the rubber-roll husker (see f.gure 14).5.6 With the disc 
husker, the grain of rice is squeezed longitudinally and rubbed lightly to 
sepnate the lemma and p&lea and release the caryopsis. The machine consists 
of two parallel and coaxial iron discs, the facing surf aces of which are coated 
with an 'lbrasive material. The gap between the surfact"s is slightly smaller than 
the length of the grains to be huskt.d. The upper disc is fixed, with an aperture 
in the centre for the rice to enter, while the lower one rotates. The grains are 
forced to rotate outw~rds with the lower disc, until they are, for a moment, in a 
vertical position; they are then squeezed and rubbed between the surf aces, thus 
removing the husk. The rubber-roll husker (see figure: 14) works on the 
principle that if the sides cf the paddy train are pres!;ed between two elastic 
surf aces moving at diff ~rent speeds in the same direction, the glumes will 
separate [37]. The machine consists of two rollers made out of synthetic 
elastom:&, one in a fixed position and the mher adjustable so that the gap 
bet~een the two is always rather smaller than the thickness of the paddy grains. 
The rollers rotate in opposite directions at different angular speeds. The grains 
of paddy are husked when they pass ht.tween the rollers. 

The discharge from the husker is a mixture of brown rice, husk, bran, 
fines, powcier, r.halky and green grain3 and also unhusked grains-the huskers 
are regulated so d1at they husk about 95 per cent of the grains in a single pass. 
The bran and the powder arc removed in a scparatine sieve with a suitable 
mesh, or by suction applied in the up~r part of a sieve, and they are collected 
separately (or they can be incoiporated iato the bran stream of the whitening 

'Also separates Mon1:s. It is only used on clean paddy or on brc,wn rice that ha5 been 
dehusked before it goes into 1he whitening machine. 

'Cent~ifuae hu~ker~ havz a very limited application. 
'Actually, the "rubber" in a rubber-roll husker is a synthetic ela;;torr.er. 
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Figure 11. Scal~.1g machine 
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Figure 12. Cleaning sieve 

machines). The fines are usually separated in another sieve, before the husks 
are removed by aspiration, to prevent part of them from being carried away 
along with the husks. The green and chalky grains are also separated earlier if 
this can be done without difficulty. 

Gariboldi [37] and van Ruiten [38] have described several types of husk 
separators and the different methods used to separate the bran. In one 
machine, the separator (see figure 15) is combined with a ''plansifter", which is 
fixed to a solid steel frame placed immediately over the husk aspirator. The 
"plansifter" is equipped with two automatic unblocking sifters. The first sifter 
has holes with a small diameter, which will allow bran and powder to pass 
through them; the second one has larger holes to allow the fines to fall through. 
The mixture of husk, paddy rice and brown rice is rejected by the sifters. In 
another machine, the double-action husk separator (see figure 16), the mixture 
of husk, brown and paddy rice, fines, green and chalky grains, bra~ and 
powder is discharged into an oscillating sifter. The bran, powder and fines pass 
through the sifter and arc discharged into two openings (left and right) in the 
rear part of the aspirator itself. A stream of air, made to pass through the 
curtain of by-product, separates the bran and the powder as they fall from the 
fines, which are discharged through an aperture situated at the bottom of the 
machine. 

Both the disc husker and the rubber-oil husker produce what is called 
"husker bran". This consists basically of fragments of husk and may include a 
small proportion of pericarp, germ, rachilla, small fragments of endosperm, 
powder and soil. The disc husker is rougher, and even the most carefully 
regulated machine will scratch the pericarp and tear away a considerable part 
of the germ. It usually produces from I to 2.5 per cent of bran in relation to 
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Figure 13. Disc hushr 

(10) Frame 
(11) Base 
(12) Shatt 
(13) Bearing 
(14) Drive belt 
(15) Drive pulley 
(16) Bear;·,g 

(5) 

-----(9) 

•+------ (10) 

(f/) Disc clearance adjustment hand wheel 
(18) Shaft support arm 



Tiie rice grain. milling and tire production of bran 

Figare 14. R•bber-roll ltmker 
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paddy rice. The rubber-roll husker, if carefully regulated, docs hardly any 
damage to the pericarp and rarely separatts the germ from the caryopsis. 
Consequently, the bran in this case consists of fragments of husk and 
impurities. Its production represents less than O.S per cent of the paddy rice. 
The very small amount involved is aspirated along with the bulk of the bran or, 
more usually, discardect with the husk. 
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Figare 15. Haslt separator with ''plusifltt'' 
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Separation of paddy 

ZJ 

Industrial huskers only husk between 80 and 95 per cent of the paddy 
gra•ns at one time. Therefore, after separating the bran and the powder, the 
fines and the husk, a mixture of brown and paddy rice is left. Generally, green 
and c1•alky grains are present, since, as already noted, il is usually difficult to 
remove them at an earlier stage. The paddy· separator is used to complete the 
task. 

'I 
j 



Ric~ bran: an rurdu-utiliud raw matmal 

The most widely used paddy separators have a compartment-type 
assembly (see figure 17). Their operation is based on the different behaviour of 
paddy and brown rice when they move down an inclined plane. The grains of 
brown rice, being smaller, denser, rounded and smooth, slide more rapidly than 
the grains of paddy, which are bulkier, lighter and rougher. A more recent type 
of paddy separator is the tray separator (see figure 18), which also works on the 

F"IC'ft 17. Paddy separator witll co.,.,....u 
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So11rct: Garibaldi (37]. 
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basis of differences in the density and smoothness of the grains. It consists of a 
series of trays, arranged one on top of another, sloping and with toothed 
surfaces, driven upwards and forwards towards the highest part. The rice 
bounces on the tray; brown grains are impelled towards the highest part of the 
tray, paddy grains towards the lowest. Both separators- with compartments or 
with trays-can, if properly regulated, yield brown rice that is completely free 
of paddy. 

Whitening 

The brown rice passes from the paddy separator to the whitening machines 
to eliminate the bran from the grain and to whiten the rice. The machines at 
present in use operate either by abrasion or by friction. The abrasion machine 
can have either a vertical shaft, like the European whitening cones, or a 
horizontal shaft, of Japanese design; the friction machine is like the Japanese 
.. jet polisher", with a horizontal shaft. In abrasion machines, the brown rice is 
whitened when it passes through the empty space between an abrasive cone and 
a screen (European mill) or a perforated cylinder (Japanese mill). The abrasive 
cone-with sharp edges of vitrified particles-acts as a knife that cuts and 
separates small pieces from the bran layer of the husked germ, like peeling an 
orange by removing small pieces of peel one by one with a knife without 
cutting the flesh [39]. Industrial machines also produce some friction, but the 
abrasive action predominates (see figure 19). The machine (see figure 20) 
consists of a cast-iron conical rotor, inverted (upright in Spain), covered with 
abrasive materiaF and mounted on a vertical shaft, which rotates inside a frame 
or box. There is a screen or perforated sheet in the frame, divided into 
segments, which is some IO mm away from the abrasive surface. The screen box 
holds the rubber brakes, or resistance pieces, which run parallel to the cone, at 
a distance of some 2-3 mm. The gap between cone and screen and between cone 
and brakes may be regulated, thus varying the proportion of bran that can be 
separated from the grain. The brown rice enters the machine through the top; it 
is thrown outwards by centrifugal force, falling between the cone and the 
grating so that it rotates in the direction of the cone. The grains strike against 
the rubber brakes, where they accumulate and, impelled by the cone, are forced 
to rotate and rub against each other. The grains are thus subjected to the 
abrasive action of the cone and, to a certain extent, to friction between grains 
and with the screen (wire cloth or perforated sheet), until they are stopped by 
the brake. Gradually the grains escape from one brake, only to be trapped by 
the next one. They continue falling until they reach the outlet. The outer layers 
of the grain, separated as bran, escape through the holes in the screen, helped 
by the stream of air which goes through the machine to cool the grain. The 
bran is collected in a circular collector, from which it is discharged into the 
general trunk, impelled by rotating vanes. The air stream carries away some 
bran, which is recovered in a cyclone. 

The abrasion whitener with a horizontal shaft (see figure 21A) processes 
the rice as it passes through the gap between the abrasive central cylinder and 
the perforated steel cylinder surrounding it. The grain is held by pressure 

'For a detailed description of the characteristics of the abrasive materials and instructions for 
the preparation of the abrasive paste and coatin1 of the cones, see Gariboldi (37). 
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Fipre 19. Schematic rqwaeatatioll of die wltitftli111 process 

B. Wllitnilrg by /rictio• 

Souru: Kop [39). 
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Fipre 20. Wltiteaing msdline 
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caused by the outlet valve, which regulates the amount of time the grain is 
retained in the machine and determines the proponion of bran to be separated. 
Brakes, backing onto the perforated cylinder, change the trajectory and the 
velocity of the grains in their journey from the intake hopper to the outlet. Air 
is injected through the hollow part of the central cylinder, and this air i::asses 

Figure 21. Abrasiye ud friction "lliteaiag macllines 
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through the grains of rice, carrying the bran with it, and then comes out 
through the holes of the perforated cylinder. As a rule, two or more units of 
these machines are used at a time. 

The friction whiteners (see figure 21 B) work on a different principle. lbe 
bran is released and separated when the grains rub against eaci1 other under 
pressure. The friction machine consists of a perforated, partly hollow, silaft; a 
cylinder of cast steel with friction ridges and inlets for the injection of air, slides 
on to this shaft. The cylicder is located in a hexagonal chamber with 
perforated grooves, leaving an empty space for the rice to circulat4!. A screw in 
the base of the loading hopper feeds the chamber, while an adjustable outlet 
valve checks and regulates the flow of the grain, exerting pressure on the mass 
of rice. The rubbing action thus produced releas~ the bran from the surface 
and the air that passes through the mass of rice carries it away through the 
screen. The internal pressure and the time of re :cntion, which determine the 
proportion of bran that can be separatr.d from the grain, are regulated by 
adjusting the discharge valve. These mach.ines are used in many mill~ to 
complete the whitening process carried out with one or more abrasion 
machines. 

Polishing 

Although in many mills the whitening process ends at this point, in others 
it goes on to the polishing stage. Although in some countries whitening 
machines are sometimes called polishers, strictly speaking polishers arc quite 
different. Their object is to eliminate from the grain that has aiready been 
whitened the small particles of flour that adhere to the surf ace, so that the rice 
acquires a glossy satin-like appearance. At the same time a new fraction of bran 
is collected. The basic parts of a polisher arc similar to those of a whitening 
machine; the essential difference is that thev have no emery coating and no 
rubber brakes. The two types of polishers most often used-with vertical cones 
or with horizontal cylinders-are based on th~ same principle. In the first case, 
the cone is covered with wood to which strips of leather are nailed. The rice 
enters the machine in the same way as it enters whiter~ng machines of the same 
type; on passing through the g~? between the cone and the screen, it is impelled 
by the strips of leather which make it roll around, the grains rubbing against 
each other and against the grating and the leather itself. The powder thar is 
thus separated is drawn from the machine and is recovered in a r.yclone. 

Final steps 

In most countries, as far c.s the production of bran is concerned, polishing 
is the final stage of rice processing. Although as already noted, each i:tream or 
fraction of bran is generally produced separately, the streams are all combined 
before being marketed. The rice that is discharged from the whitening machines 
is a mixture of whole and broken grains-the latter of various sizes-which 
mus: be separated and ~raded before marketing. This is a very important part 
of rice milling, but it is outside the scope of the present study. The subject has 
been dealt with in detail elsewhere [33]. 
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Mills and tire type of equipment used 

Categories of mills 

The comt-Iexity of th\: methods used in the processing of rice varies from 
one c.:>untry or region t:> anothef and according to particulf'.r circumstances. 
Saunders aad others ( 40] have classified installatior.:i for rice conversion into 
categori~s of different technical and social complexity: (~) subsistence-level; 
(b) rustic; (c) quasi-commercial; and (d; export. The first category is so called 
be~ause !.he rice is produced solely ~or consumption, generally on an individual 
or family basis, with no investment in machinery. The second category is 
represented by the owner of a s'llall mill, consi;;ting of one machine with which 
he processes the rice- brought in sac;.cs by the customers (small farmers or 
others), from whom he extr:icts payment, often in the form of rice o: by
products. This is, according to the authors, the first level at which mechanical 
improvements of a certain d~gree of sophistication may be introduced, because 
the nec~ssary capital may be put up b} a group, directly (i.e. through a co
operative) or indirer:tiy (i.e. in the form of shares). The quasi-commercial 
category is represented by th~ miller who has very few machines in his mill but 
who investi; capital, has a commercial outlook, and shares the aims and 
problems of the miller at the next highest level. His field of action is 
nevertheless very limited, as are his resources. The export or commercial 
category differs from th~ preceding one chiefly in the field of action, which is 
not limited (since it may involve :xports) or is expansive (on a national scale), 
in the quality of rice it requires and in its competitive capacity and technology, 
which in this case means major capital investments. 

Types of equipment and the way they act Oi! the bran 

Leaving aside the manual processing of rice found at the subsistence level,8 

the most simple form of mechanical processing, typical of the rustic category,9 

employs a single machine, involving only two conversions: the processed rice 
(with a variable quantity of fines) and a by-pr0duct consisting of a mixture of 
ground husk, ground rice, bran and all kinds of impurities, such as straw, soil, 
stones etc. The machine most commonly used is the .. huller" (e.g. kiskisan) 10 

(see figure 22). It consists of a cylinder of grooved steel, which rotates on an 
axle, insid'! a housing with a ~creen at the bottom; the rice circulates through 
the gap between the revolving cylinder and the housing in the direction of the 
outlet, rotating through the action of the grooves in the cylinder; the first 
grooves are sloping and exert pressure on the rice, moving it towards the outlet. 
An adjustable blade controls the amount of rice that passes through and 
determines the proportion of bran that is separated from the grain. 11 The 

1ln the rural areas of some countries-Bangladesh, India, Indonesia, for example-a fairly 
substantial amount oi rice is processed with a pestle and mortar, operated either by hand or by 
foot. 

'Less usual at this level are installations with one machine for husking and another for 
whitening, with a sieve as a third unit to grade or separate. 

1°Kiskisan hullers are used for husking and whitening and in a single pass or in two stages 
and as a whitening machine in conjunction with a disc or rubber-roll husker. 

11 lt also influences both feed and discharge. 
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Figun 22. Hulitt-type mill 
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ground husk, fine broken grain, bran and impurities pass through the lower 
sieve and come out through the discharge mouth. The rice and large fragments 
of husk are discharged together through another outlet. The main trouble with 
these machines is that much of the rice is broken and the yield is low, 12 the loss· 
of the small and medium grains through the grating being a contributory 
factor. In addition, since these mills do not have a paddy separator to eliminate 
the residual unhusked grains from the final white rice, the rice has to undergo 
more extensive processing in order to ensure that as few paddy grains as 
possible are left behind. This is particularly true in the case of raw rice, in 
which the husk is not readily removed. In so far as bran is concerned, the 
disadvantages are c.,ovious, since the bran that is produced has a high silica and 
fibre content and a very low proportion of oil; in addition it carrie" along with 
it the soil and other impurities contained in the paddy. 

In spi: _ of all these disadvantages, owners of this type of mill are reluctant 
to undertake any modernization, particularly in areas where parboiling is 
practised. Furthermore, the number of such mills is on the increase. 13 Pillaiyar 
and others [ 42] have identified several reasons for this: first, the machine is 
heap, it is easy to install, operate and maintain, even in a rural environment; 

secondly, some machines have a small capacity, can operate intermittently and 
can therefore work with the small quantities of paddy-either raw or 
parboiled-that the customer in the rural area may require; and thirdly, they 
yield a processed rice of acceptable quality. 

In some cases, economic factors have led to a proliferation of mills of this 
type. In India, for example, the Government imposes a form of taxation by 
buying a percentage of the rice processed by commercial mills at a price below 
the market rate. The percentage varies but is generally more than 50 per cent of 
the total production. The huller mills are considered to be non-commercial and 
are exempt from this tax, as well as from sales and purchase taxes. The fact that 
in West Bengal the number of hullers has grown in a few years from roughly 
6,000 to more than 22,000 may be attributed to this difference in tax treatment 
[ 43]. In the Philippines, there have been cases in which special loans were 
granted by the World Bank and the Asian Development Bank to install new 
mills with rubber-roll huskers; then, once the inspection was over, the 
machines were replaced by husker units [ 40]. 

The Indian Ministry of Agriculture and Irrigation has recently introduced 
a simple procedure for improving single-machine huller mills; an installation of 
this type is automatically recognized under the Rice Milling Act and Rules as a 
"modern unit", with all the administrative benefits that accrue to installations 
of this type [ 44]. The technical information distributed by the Ministry 
confirms that the yield is higher, there is less breakage and a bran of superior 

12The yield of mills with rubber-roll huskers that process paddy rice may be expressed as 
2.S per cent more total processed rice than those with disc huskers and 6.6 per cent more than those 
with hullers. In the case of parboiled rice, the figures are 0.8 and 1.6 per cent respectively. The 
differences in whole rice are 6.1 and IS. I per cent for paddy and 1.3 and 4.1 per cent for parboiled 
rice, respectively (41). 

u1n India, according to data published in 1965, there were more than 30,000 mills of the 
huller type, with individual or combined units. Statistics for the biennium 1972-1973 raised the 
figure to 72,000, while in 1977 the number was close to 90,000. 

'· 
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quality is recovered. The machinery consists of a centrifugal husker14 and a 
cleaner with paddy separator consisting of a sieve, combining an oscillatory 
movement with aspiration, which is used first as a cleaner and then as a paddy 
separator, the work, of course, being done in batches; lastly, the existing huller 
mill is used to whiten the brown rice. 

In the same industrial sector, the following example represents a further 
step in the modernization process [ 42]. In a mill consisting of two huller units, 
capable of processing l t/h of parboiled paddy, one of the units was used for 
husking and the other for whitening; the white rice, together with the fines and 
a little husk, was cleaned and graded in winnowing tray; the bran thus obtained 
contained around 6 per cent oil and 15 per cent silica. The mill was modernized 
by installing: (a) a new winnowing tray for pre-cleaning; (b) a new non-suction 
rubber-roH husker; (c) the existing winnowing tray, duly modified to work as a 
paddy separator as well as a husk aspirator and cleaner;1s (d) one of the existing 
huller machines, used exclusively fer whitening; (e) a new winnowing sieve to 
separate fines and the loose b:an adhering to the white rice; and (/) a simple 
sieve, also new, to separate the small fines and a little husk from the bran (see 
figure 23). Apart from achieving a greater yield in rice and reducing the 

Pre-clean tray 

Figure 23. Huller-type mill, modernized 
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sheller 

Husk and paddy separator 

Bran sieve 
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"The centrifugal husker consists of two metallic parallel discs, with a small gap in between 
rotating at a high speed (3,SOO rpm). According to the information circulated, its yield is 
comparable to that of a rubber-roll husker, but rice breakage and mixing of husk and bran are 
eliminated; the machine is also claimed to leave the caryopsis intact. The paddy enters at a central 
point and is guided by metallic devices situated between the discs. The grains, projected by 
centrifugal force, collide with a stationary rubber disc placed against the outer ring, where they lose 
their husk. Usually machines have a capacity of some 40ll kg/h; they can work with small 
com.ignments and operate at no more than I hp (44). Better results are obtained with parboiled rice 
than with raw rice, which may be why Saunders and others (40) repm·t that this type of machinery 
ha'> not given good results in the Philippines. 

1sThe modification presented no great problem, since it was considered satisfactory to have 
5 per cent paddy in the husked rice to help in the whitening process. 
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consumption of energy by about 30 per cent, the new machine produced a 
marked improvement in the quality of bran produced, with an increase in oil 
content of nearly 20 per cent. This proved to be a low-cost and wonh-while 
investment. 

Some manufacturers have combined the husker and whitening machine 
with some other devices, in a monobloc unit, in order to complete the whole 
process, from husking and separation of the husk from the husked rice to 
whitening and separation of the bran in one pass, using only one machine (see 
figure 24). The machine incorporates a vibratory sieve for the separation of 
large impurities (straw, rachilla etc.). as well as a magnetic separator, a rubber
roll husker, a husk separator that also separates the immature grains, a 
horizontal whitening machine with cooling air injection, which at the same 
time extracts the bran. If there are many paddy impurities, the monobloc unit 
may be combined with a pre-cleaner (see figure 25). The capacity of the 
machine varies from 0.5 to l t/h, according to the model used. Generally. 
because the rice they process is usually of inferior quality and the whitening is 
carried out in a single pass, these machines cause more breakage and the bran 
contains a larger proponion of starchy endosperm. In addition the cleaning 
and the separation of the rice from the husk are far from perfect, and this also 
influences the quality of the bran. 

With the basic elements described in the preceding section and other 
accessories, milling units of widely varying degrees of complexity can be 
constructed (see figures 26-28). Of panicular note are the paddy-rice grader and 
feed-back husker, the stoner, which is used before the whitening machines, the 
number of whitening stages and the germ separator; the role of all these will be 
discussed later. The germ separator (see figures 29 and 30) calls for panicular 
comment. Although in most countries commercial bran includes the germ, in 
others, like Italy and Spain, the practice of separating the germ is widespread. 
In Spanish mills, the mixture of brans from the different whitening machines 
(from three to six are used) passes through the revolving sieve and the germ 
separator. The former, a screen in the form of a hexagonal prism with a mesh 
of approximately 0.8 mm, separates the bran, the fragments of germ and 
smaller germ, as well as the very small fines. The germ separator combines a 
vibratory sieve with aspiration, in order to separate the particles, which differ 
in size and in density. It comprises a first sieve, with 0.8-mm holes, to separate 
the residual bran; a second sieve with a 1.5-mm mesh opening to separate the 
germ, and a third one, with 2-mrr. perforations, to separate the small fines from 
the larger fines and panicles (including whole grains) that may be present. A 
suction stream is passed through the germ outlet, in order to remove light
weight impurities (fragments of husk and bran). The final purification of the 
germ can be done pneumatically. Depending on the types of machines used and 
the conditions under which they operate, a commercial product is achieved 
with a pure germ content ranging from 40 per cent to 85 per cent [45]. 

Several types of machinery have been tried out for separating the germ and 
very small broken grain pneumatically [46]. 

Another method that has been tried is to remove the germ from the grain 
before processing [47], as is sometimes done for wheat. After the husk has been 
removed, the rice is maintained on a fluidized bed, where the friction between 
the grains and the perforated containing walls results in separation of the germ 
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Figme 14. Moaloc nit for lnlSkiq ud wllitniq rice 
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from the caryopsis. It has not been possible to avoid simultaneous separation 
and breakage. The germ, the bran particles and the small fragments of 
endosperm, as they arc produced, are carried away through the perforations of 
the chamber by a stream of air. The three fractions produced are separated by 
later sifting and winnowing. Table 4 supplies data on this device as used with 
varieties of rice cultivated in India; it also includes data on parboiled rice. 
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Fipre 11. Diagram of a rice-proceuing system. inclading germ separator 
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The major impurities contained in germ coming from the mill consist of 
fragments of husk and, in particular, very small fragments of grain. When a 
higher degree of purity is required, for example in laboratory work, the device 
illustrated in figure 31 gives satisfactory results. It works on batches of up to 
SO grams. The impure germ is sifted in a pair of sieves, with meshes of 1.5 and 
0.8 mm (or others more appropriate to the size of the germ of the variety being 
treated). The part held between both sieves is loaded onto the grating of the 
purifier, in the lower part of the glass or plastic tube, which constitutes the 
main body of the device, and air under pressure is blown in through the lower 
inlet. With a pressure difference of some 20 mm water gauge, practically all the 
husk is separated. By increasing the pressure to above I 00 mm water gauge, the 
germ can be separated without carrying away the fragments of endosperm, 
which will remain on the grating. 
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TABLE 4. SE: ARA TION AND MANUAL RECOVERY OF GERM 
IN A GERM-REMOVING MACHINEa 

(Grams ~r JOO grams of lrwktd rict) 

Yirld 
Varirty twl typr 
of brown ricr Grnn Bran Furrs 

ADT-8 
Raw 2.6 3.6 28 

Parboiled 1.0 3.0 3 

IR-20 
Raw 1.6 3.1 22 

Parboiled 0.5 2.5 3.8 

Sourer: Vasan and others (47}. 
a0peratcd by the Paddy Processing Resean:h Centre (PPRC). Thiruvarur, 

India. 

Figue 31. Laboratory dnice for separatiag *germ from tile rice bran 
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Brief description of milling installations in selected countries or regions 

Saunders and others have prepared a report on post-harvest losses of rice, 
in which they supply information on milling installations in selected countries 
[ 40]. Their descriptions of milling installations in different countries and the 
type and quality of lJran that can be produced in each case are summarized 
below. Supplementary notes have been added from other sources, including an 
interesting report on post-harvest technology in four countries in Asia [ 48]. 

Africa 

In Liberia there are estimated to be about 150 kiskisan-type units and 
about 90 installations with rubber-roll husker combined with a friction 
whitening macbine.16 In some cases, a roller husker is used in the first stage and 
the kiskisan for whitening. In Liberia, there are only three mills of commercial 
size. They are equipped with pre-cleaners, rubber-roll huskers, busk aspirators, 
paddy separators and whitening cones. It is estimated that manual processing 
accounts for 77 per cent of the production, the small mills for 20 per cent and 
the large mills for 3 per cent. In Sierra Leone, there are mills at both the rural 
and the commercial levels. There are several types of rural mill. One consists of 
a rubber-roll busker combined with a friction whitening machine, single pass, 
with a capacity of about 200 kg/h, of which there are about 20 in operation. 17 

Another mill of the same type, but with a capacity of 500 kg/h, uses a pre
cleaner on occasion. A third type consists of a combined husker and whitener, 
with a capacity of some 200 kg/h, of which there are about 350 examples in the 
country. At the commercial level, there are a few mills, representing only 4 per 
cent of the total milling sector, as against 13 per cent at the rural level. 
Processing by hand still accounts for 83 per cent of the total. In many 
countries, a high proportion of the total processing consists of husking by h~nd 
pounding, 92 per cent in the Gambia and Nigeria, for example, 62 per cent in 
Ghana, 46 per cent in the Ivory Coast and 30 per cent in Benin. The mills at the 
rural level, which are predominantly of the kiskisan type, and those at the 
commercial level, which are based on a roller husker combined with a friction 
or kiskisan-type whitening machine, are found in the following proportions: the 
Gambia and Nigeria 6 per cent and 2 per cent, Ghana 24 per cent and 14 per 
cent, the Ivory Coast 31 per cent and 23 per cent and Benin 30 per cent and 
40 per cent. 

Bangladesh 

The large mills in Bangladesh convert only 2-6 per cent of the rice 
produced; they are located in or near urban areas. In the rural areas, two types 
of technology-manual and huller-based-are practised: the latter process 
20 per cent of the rice production. There are about 7 ,600 huller mills: their 
capacity varies from 500 kg/h to 1,300 kg/h. The larger commercial mills use 
batteries of up to five machines [49]. 

160ther sources indicate 400 kiskisan units and l 50-200 with roller huskers and friction 
whitening machines. 

170ther sources indicate 50. 
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Indonesia 

Milling in Indonesia has changed greatly in recent years. It is estimated 
that in one decade the 80 per cent of production husked by hand pounding has 
shrunk to 20 per cent. 18 The 700 large and 7 ,000 small mills, producing up to 
1.5 t and 2.5 t a day respectively in 1968, had grown to 1,144 and 28,000 
respectively by 1974.19 Mills built between 1900 and 1925 are still being used in 
Indonesia.20 Small Japanese mills are being introduced, for the use of rural 
co-operatives, at two levels of sophistication: (a) roller-husker machines and 
one-stage horizontal whitening machines; and (b) roller-husker machines, 
paddy separators and two-stage whitening machines. 

Japan 

The procedure followed in Japan is unusual in that the rice is processed in 
two separate stages. The paddy rice is husked and stored in its brown form, and 
is not whitened until just before it is consumed. The husking is done in roller 
mills or co-operative mills, and the bran is whitened in small family-type 
machines and in mills, of which there are about 500 with a capacity between 3 
and 30 t/h and about 20,000 with a capacity of 0.5 t/h. The machinery is very 
sophisticated. 

Malaysia 

In Malaysia, there are four types of mills: one-stage hullers and Japanese 
mills with rollers (in conjunction with husk separators, paddy separators and 
whitening machines) [48,51], both with a capacity of 0.5 t/h, and traditional 
mills, one type having a capacity of some 2 t/h and a second type (normally 
equipped with cleaner, husker, separators, whitening machines and grading 
machines), with a capacity of 4-8 t/h. According to data for 1969, they were 
distributed as follows: 45 per cent, 37 per cent, 6 per cent and 12 per cent, 
respectively, of the total number of units. A very considerable part of the 
harvest is therefore processed with the primitive huller. Many of the small 
Japanese mills have been replaced by cone whitening machines with rubber 
brakes, while commercial mills have replaced stone huskers with rubber rollers. 

Pakistan 

In Pak1nan, the estimated number of mills is 1,200-1,400. There are two 
types: hullers with two, three and four units with a capacity of 0.25, 0.35 and 
0.5 t/h respectively; and husking mills equpped with two or three whitening 
machines with a capacity of 0.75 and I t/h respectively. Recently, 10 or so 
automatic plants have been installed, with a capacity of 5-15 t/h [52]. 

11Thet Zin and others [50] estimate the proportion of rice husked by hand at 10 per cent for 
1974. 

19Data from other sources [48] estimate ~hat in 1974 there were about 20,000 kiskisan-type 
units, 6,000 to 7,000 Japanese huskers combined with kiskisans as whitening machines, and about 
1,000 large-capacity traditional mills. Another source [50] indicates that, in Java in the same year, 
there were 624 large mills and 6,640 hullers, representing only 60.8 per cent of the total rice 
production-an unascertained number of small mills account for the r~st. 

1°The old mills burn the husk to generate steam. 
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Philippines 

A small proportion (3-5 per cent) of the rice harvested in the Philippines is 
processed by band. The greater part (40-55 per cent) is converted in huller 
mills21 with a capacity of roughly 500 kg/b. At the commercial level, the cone 
mill is very popular. It consists generally of a disc husker and two whitening 
cones. The unhusked rice must be separated and fed back into the husker. The 
capacity varies between 0.5 and 4 t/h. In some modern designs, the mill has 
rubber-roll huskers, with disc or roller horizontal abrasion and friction 
whitening machines for the return feed. Many alternative milling systems are 
possible with the equipment available (see figure 32). 

Republic of Korea 

There are more than 20,000 mills in the Republic of Korea, most of them 
only equipped to supply one village with rice. In 1971, 784 relatively large mills 
were reported, 55 per cent of them with a capacity of above 7 ,000 tonnes a year 
[54]. Generally, the husking is done in rubber-roll huskers and the whitening 
with cones or jet-type friction whitening machines. The average mill works at 
about 120 kg/h. 

Sri Lanka 

The gove1 :iment mills in Sri Lanka, which process a third or less 0f the 
harvest, use all kinds of installations, from modern Japanese and European 
types to huller machines. The quota mills, which convert most of the harvest, 
are usually two-stage machines with rubber-roll huskers, and whitening 
machines of the vertical cone or huller type. Pre-cleaners and stoners are 
seldom used. More than 50 per cent of the rice converted in private mills is 
processed by huller machines in a single stage. 

Thailand 

In Thailand, apart from manual processing, which is still practised, huller 
mills, mills with abrasive discs22 and "mini-mills" are used at the rural level, 
while modern or modernized mills are used at the commercial level. The latter 
usually have disc huskers and two-stage whitening cones, using electric power 
generated by steam obtained by burning the husk. They include pre-cleaning 
and grading sieves. In some cases they have rubber-roll huskers as feed-back 
huskers; in others the roller husker has replaced the classical disc husker. The 
leather polisher is also common. It is estimated that in 1976 there were about 
800 mills with a capacity ranging from 2 to 8.3 t/h of paddy, about 4,000 with a 
capacity of 0.4 to 1.25 t/h and about 20,000 with a smaller capacity. 

ll According to Duff and Estioko [S3], using data for 1968, the kiskisan type, with 6,991 mills, 
accounts for 80.2 per cent of the total number of installations and S3.4 per cent of the industrial 
capacity, the corresponding fipres for the cone type, with 1,728 mills, being 19.8 per cent and 
46.6 per cent respectively. 

llTbese work on a principle similar to that of the husker. The rotor has an abrasive e.>ating 
and two rubber brakes which project from the housing. 
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Figan 32. Altematin systems of rice processing and their effo?Ct un the type of bran produced 
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Latin America 

In Colombia. about 450 mills are operating. Even the smallest, with a 
capacity of 0.5 t/h, work in several stages. Generally they are composed of a 
pre-cleaner and rubber-roll and disc husker (when both types are available, the 
laaer is used for the feed-back paddy), a pneumatic husk separator (which 
independently separates the husker bran and the husk), a paddy separator, cone 
whitening machines, graders and, in many cases, leather polishers. In Bolivia 
the mills are built on the old European model and usually have rubber-roll 
huskers. In Brazil and Peru, they are also based on the old European model. 
The average capacity is estimated at 1-3 t/h. In Ecuador, there are about 
2,000 mills with a capacity of less than 5 tlh. In some cases, they may be very 
small; one new mill, the biggest in the country, has a capacity of 20 t/h. 
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II. Basic principles of the stabilintion 
of rice bran 

Value and end-purpose of stabilization 

Stabilization and post-stabilization · 
-

.. Stabilization .. , in the widest meaning of the word, applies to the entire 
process, from the time the bran is produced at the mill until it is consumed as 
feed or used as the raw material for a subsequent process. As a rule, however, 
the word is used in a much more restricted sense-and will so be used here-to 
describe a method of treatment designed to limit or prevent the deterioration of 
the rice bran; the treatment is normally confined to a short, specific, post
production stage and does not include storage and transport. It should be 
noted that the broader concept, while less widely used, is actually more 
appropriate to the industrial sector, since a long-term stabilization process is 
necessary to ensure the viability of the product. The additional concept of post
stabilization must therefore be introduced to complete the cycle. Unfortunately, 
very little research has been done on post-stabilization technology, and this has 
to a large extent impeded progress. The future exploitation of the industrial 
potential of rice bran may be said to depend more today on progress made in 
post-stabilization technology than on advances in stabilization technology. 

Stabilization and post-stabilization should not be viewed merely as 
preliminary stages in the extraction of edible oil. Bran not only provides edible 
oil but is also a potential source of other nutrients and constituents with 
possible industrial applications, which can only be realized through proper and 
complete stabilization. 

Coexistence of valuable and harmful components 

Harmful components, to be controlled or destroyed, and valuable 
constituents, to be protected and preserved, may be present simultaneously in 
the bran. Harmful components include enzymes, micro-organisms, insects, 
toxins and growth inhibitors, and adulterants and impurities. Oil, proteins, 
vitamins and other nutrients, on the other hand, are all valuable. 

Enzymes (in particular lipases), micro-organisms and insects are the main 
causes of deterioration in bran. The object of stabilization is to inhibit their 
activity, or preferably to destroy them, in order to prevent deterioration. It is 
no use inactivating harmful enzymes if the micro-organisms capable of 
producing them remain active. The object of post-stabilization is to maintain 
minimum levels of activity and prevent contamination from outside. There are 

50 
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a number of different means of achieving these objectives, including heat, 
radiation and chemical compounds. Technical and economic viability at the 
industrial level is not the only criterion for success. The preservation of 
valuable constituents is also important. In fact, processes that, in principle at 
least, do the job they arc supposed to do by attacking harmful components m'3.y 
also affect the valuable constituents, thereby reducing the value of the bran as a 
raw material. Stabilization must therefore be considered as a compromise form 
of treatment, which reduces the undesirable components to a safe level, with 
an acceptable degree of risk, while retaining, as far as possible, the quality and 
quantity of the valuable constituents of the bran. 

In order to understand the stabilization process and the scope and 
significance of the solutions so far proposed, it would seem appropriate to 
begin by reviewing the fundamental principles determining the stability of both 
harmful and valuable components. First, the destruction of micro-organisms 
will be studied, then the inactivation of enzymes and other harmful 
components, and finally the valuable constituents of the bran. 

Destruction of micro-organisms 

Sterilization implies the destruction of all forms of life. Other le$S absolute 
terms arc "pasteurization" and "disinfection". Thermal destruction, or death 
of a micro-organism, signifies the loss of its ability to reproduce under suitable 
conditions because of temperature changes. Special reference is made in this 
section to bacteria spores, which arc the most heat-resistant microbiological 
systems. Sterilizing ager.ts may be classified as either physical or chemical. No 
clear distinction can be made regarding their various actions, however, since 
physical agents may lead to the formation of chemical products, while chemical 
agents may cause physical changes, with lethal results in both cases. The most 
typical agent is heat, which may be dry or moist. Steam under pressure quickly 
sterilizes permeable materials and surfaces. Dry heat is slower, and requires 
higher temperatures. The thermal destruction of bacterial cells and spores is an 
exponential function of time. 

Tllermal dest111ction 

Curve of the relationship between thermal destruction and time 

In order to ascertain the cff ects of heat treatment on the microbiological 
population, aliquot parts of the sample arc treated at a given temperature for 
varying periods of time and the number of residual micro-organisms capable of 
reproducing-that ir., of forming colonies-is determined. The relationship 
between the number of surviving micro-organisms and the duration of treatment 
at a given temperature is shown by the curve in figure 1. In practice, the initial 
microbiological population may range from 106 to 107 micro-organisms per 
gram and the final population from 101 to 103 micro-organisms per gram. 
Changes of this magnitude cannot be represented well on a linear scale, 
especially when the number of living residual micro-organisms approaches 

0 
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Fig11re I. Represntatioll. 0111 lillear scale. or dwiges i• tile •amber 
or suTirillg mic:ro-Griuisms after lleat treatmnt 
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zero. This drawback can be overcome by plotting the number of surviving 
micro-organisms on a logarithmic scale and the duration of treatment on a 
linear scale, the so-called semilogarithmic plot (see figure 2). 

In this way, either one or two straight lines are generally obtained (see 
figures 2 and 3). 1 The shape of the plot for a given strain of micro-organisms 
may vary according to the temperature and the test method used. Samples with 
natural heterogeneous microflora usually give a plot like the one shown in 
figure 3; as a rule there is a large povulation of micro-organisms with little heat 
resistance and a small population of highly heat-resistant micro-organisms. 

Rahn's thermal destruction model 

Assuming that the thermal death of micro-organisms is due to inactivation 
of a critical molecule in the cell, which is a first-order reaction, the number of 
micro-organisms N, after time tis dN,ldt = -kN,, where k is the reaction rate 

'Plots can also be parabolic or si1moidal. 
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Fipre 2. Semiloprit•mk plot slaowiag the number of micro-organisms 
S11rYiYiag lleat treatment as a function of time 
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(assumed constant). The following expression is obtained by integration: 
N, = N0e-k1, where N is the initial number of micro-organisms. Symbolizing the 
time spent at the treatment temperature by U and introducing a new constant D 
by the substitution K= l/D loge, we have log Nu= -(U/D) +log No- The 
semilogarithmic plot of Nu against U will be a straight line with a slope of 
-1/ D. The constant D is seen to be the time necessary for the population N to 
be reduced to N/10, or for the plot to be shifted by one logarithmic cycle-that 
is to say, the time needed to destroy 90 per cent of the bacterial population 
existing at the time treatment is begun. Approximately one third of the plots 
determined experimentally for homogeneous cultures fit Rah11s's model. 
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Figure 3. Semiloprit•mic plot of tile Hni•al of ..ucr.orguisms 
in a sample wi .. utual HlerogHeOaS microflora 
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Temperature coefficient 

The temperature coefficient is normally defined as the change in the rate of 
thermal destruction that occurs with a change in temperature of 10 kelvins: 
Q10 =kT+ 1olkT, where Tis the absolute temperature. The range of Q1c values 
in bacterial thermal destruction processes is given as follows by Pflug anJ 
Holcomb [I]: 

Dry heat 
Moist heat 

2.2-4.6 
6.8-100 

If the logarithm of the time necessary to destroy a given m.: .nber of micro
organisms is plotted against temperal.ure, a straight line is obtained, representing 
the thermal destruction time (TOT) function FT(see fig-:ire 4), the equation for 
which is log F~ = ( l/Z) (TB - n + log F~B' whe:e T 8 is the base ~emp~rature 
a'ld Z is the temperature change that p1nduces a ten-fotd increase <'r decrca3e in 
F. 2 It is related to 1:ie tem~rature coefficienr Q 10 by the equ::ttion 7. = 10/lo& Q

1
•1. 

1lt is aho the temperature rhange needed io cha11ie D by a factor of IO. If log u is plctt~d 
againi1l T, th.! ,,. aight lire obtair . .ed is kn•)WO as the '"heat resistance plot'" [I). 
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The F and Z values define the t-ehaviour of micro-org~nisms under c. given heat 
~reatment. The TOT at a given temperature can~ obtained graphically from the 
TDT plot or by cakulation from the equat:on above (see Costell and Dur2n [3]). 

Th~ range '" Z f c- processes f Jr the thermal destruction of spores are as 
follows [I]: 

Dry heat 
Moist heat 

15-30 K 
5-12 K 

Compared with hot eiir, and on an equimolar basis, satu,ated steam ~t 
121° C provides at least seven times the heat provided by air at the same 
temperature. However, not air takes about 2,000 times longer than steam to 
destroy Bacillus subrilis var. niger at that temperature. 

Factors affecting the thermal destruction of micro-organisms 

Different forms (breeds and !ltrains) of the same species may produce cells 
or spores with varying heat resistance in the same medium and under identical 
treatment conditions. Environmental conditions during the formation of cells 
and spores also result in similar differences. The conditions of the medium 
d:uing treatment are of the utmost importance. A pH range of 6.0-8.0 normally 
indicates the lower heat resistance of the micro-organisms. Variations within 
this range are not usually very great, but there is a sharp fall in the region of 
pH 5.5. 
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Materials such as rice and bran harbour some micro-organisms that are 
easily destroyed by dry heat and some. especially those originating in the soil. 
that are difficult to destroy. The normal microflora of the soil are variable and 
heterogeneous. and the plot for micro-organisms surviving heat treatment 
resembles the plot with two straight lines (see figure 3). Therefore the D value 
cannot be used, because it is a parameter of a single straight line. 

Research based on model systems. using laboratory spores. has shown that 
there are three primary variables for the mode of action of dry heat-temperature. 
water content and time-and three seconc'ary variables-open or closed 
systems, physical and chemical properties of the micro-organism, and the 
gaseous atmosphere. "!"emperature is the most important variable in the case of 
dry heat. 

In the 90:>-i25° C temperature range, spores with an intermediate water 
content (in equilibrium with a relative humidity content of between 20 and 
50 per cent) are more he.at-resistant (higher D value) than those with a higher or 
lower water content (see figure 5); under these conditions, Z is about 21 K 
whereas it is 8-10 K when relative humidity is 100 per cent (moist heat) [I]. 

Figure S. Efftd or relative humidity on the inacti.atio" 
of Bacil/as s•btilis var. nig~r at 125° C 
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The desruction of micro-organisms by moist heat is characterized by 
100 per cent relative humidity. and consequently some water is present in the 
liquid state. In the case of dry heat. on the other hand. there is no water in t_he 
liquid state and the relative humidity value may be anything less than 100 per 
cent. Since the rate of destruction of dried microbiological cells is a function of 
their water content. which is in turn determined by the retative humidity of the 
atmosphere, the rate of destruction varies with relative humidity. which should 
therefore be specified. along with the treatment temperature. whenever dry-heat 
rates are quoted. Under conditions of equilibrium. the relative humidity of the 
atmosphere surrounding the cell is theoretically equivalent to the water activity a,.. 
within the cell. If the relative humidity for the treatment is known, this should 
be used and not the water content. 

The importance of controlling the moisture content during heat treatment 
is thus obvious. The main parameters for .. closed" systems-where the material 
is hermetically sealed-are the initial moisture content and the volume of the 
container or receptacle system. In the case of ''open" systems, the material to 
be treated can lose an unlimited amount of moisture or absorb it. if the system 
is drier than the atmosphere. 

Both the temperature and the water content of the spores during the 
period of treatment must be known and controlled when studying the 
destruction of micro-organisms by dry heat. otherwise the results have no 
significance. 

Destruction of micro-organisms by ionizing radiation 

Effects of ionizing radiation 

At the present time ionizing radiation is too costly a means of destroying 
micro-organisms in foods. The sensitivity of products to radiation and the lack 
of suitable toxicological tests are additional obstacles. The method nevertheless 
warrants at least a brief discussion. 

Radiation may be electromagnetic or it may involve particles. Ultraviolet 
radiation, gamma radiation (y-rays) and X-rays are of the first type, and a-rays. 
P-rays, neutrons, mesons. positrons and neutrinos are of the second type, 
P-rays (electrons) being the ones most widely used. X-rays and y-rays have 
considerable penetrating power, as do electrons, if they are artificially 
accelerated. 

These forms of radiation produce ions, free radicals and excited molecules 
in the product that absorbs them. Owing, however, to its discrete nature and its 
ability to penetrate materials, the effects of radiation are precise and localized. 
Secondary effects, due to the action of electrons with sufficient energy, increase 
the extent of the areas affected but continue to be localized. These reactions are 
very rapid: primary ionization in water occurs within 10- 1• to 10- 16 seconds 
and secondary ionization within 10 - 12 to 10 - 11 seconds; molecular products 
appear within about 10 -7 seconds. 

Natural compounds undergo various chr.mical changes when they are 
subjected to ionizing radiation. Irradiated water, for example, may contain 
appreciable amounts of the free radicals H and OH, which react to form H2, 

H 20 and H20 2 and react with dissolved substances. In the presence of oxygen 
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appreciable amounts of the hydropcroxidc radical H02 arc produced. This 
radical and the hydrogen peroxide (H20 2) produced may act as either oxidizing 
or reducing agents. 

Plot of the relationship between the destruction of micro-organisms 
and the radiation dose 

Plots representing changes in the logarithm of surviving micro-organisms 
as a function of the radiation dose can be parabolic. straight-line or sigmoidal 
(sec figure 6). The equation for a straight-line plot is NIN0 = e-Wda>, where 
NIN0 is the fraction of micro-organisms surviving dose d, and d0 is the lethal 
dose. i.e. the dose resulting in the destruction of 63 per cent of the micro
organisms. The term dro. which is equivalent to the dose necessary to reduce the 

Figure 6. Plots showing the destructioa of micro-organisms by ionizing radiation 
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microbiological population by one logarithmic cycle, is used to express the rate 
of survival. It is easily obtained when the destruction plot is a straight line, but 
it is more difficult to interpret from curves. A number of equations have been 
proposed for such cases [5]. 

Resistance of micro-organisms to ionizing radiation 

The resistance of micro-organisms to ionizing radiation varies significantly. 
The spores of bacteria, with very few exceptions, are the most resistant, gram
negative rods are the most sensitive, while yeasts and moulds have intermediate 
resistance levels (see table I). It should be noted in this context that certain 
circumstances (such as the physiological state of the micro-organism and the 
composition of the medium) may give rise to variations in resistivity. Products 
in which the microflora are not distributed uniformly may require an additional 
dose. 

TABLE I. RESISTANCE OF VARIOUS BIOLOGICAL UNITS TO IONIZING RADIATION 

S~cits 

Anaerobic spore cultures 

Clostridium botulinum 
Type A NCTC 7272 
Type B 53 

Clostridium welchii (perfringeus) 
Type A 
Type F 

Bacillus subtilis 

Vegetative bacteria 

Salmonella typhimurium 
Pseudomonas sp. 

Yeasts 

Saccharomyces cerevisiae 

Moulds 

Aspergillus niger 
Penicillium notatum 

d,. 
(mtgarads) 

O.i2 
0.33 

0.12 
0.20 

0.06 

0.02 
0.003-0.006 

0.05 

0.047 
0.02 

Water 
Buffer 

Water 
Water 

Medium 

Saline plus gelatine (5 per cent) 

Phosphate buffer 
Phosphate buffer 

Saline plus gelatine (0.5 per cent) 

Saline plus gelatine (0.5 per cent) 
Saline plus gelatine (0.5 per cent) 

Process rtquirtmtnts for complttt dntruction 

(meprads) 

Inactivation of enzymes 
Disinfestation of insects 
C/ostridium botulinum 

Source: Silverman and Sinsky [SJ. 

2.0-10.0 
0.1-0.5 

0.37 Canned chicken 

Nott: Coleoptera are more sensitive to gamma irradiation than lepidoptera: 2S,000 rads uterminate all 
pha5es of 1he coleoptera Sitophilus oryzat and Tribolium confusum. but over 100,000 rads are required to s1erilize 
the lepiduptera Sitotroga ctrtaltlla [6). 
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A much higher radiation dose is needed to inactivate enzymes and destroy 
the ability of micro-organisms to reproduce (see table I) and therefore some 
products require further heat treatment in order to become completely stable. 

Treatment with 4-5 megarads impairs the quality of foods. 

Inactivation of enzymes 

Fundamental principles 

Denaturation of enzymatic p1otein and loss of activity 

Enzymes are proteins. When a protein molecule in its secondary. tertiar; 
or quaternary structure undergoes a change. other than the splitting of covalent 
bonds. it is said to have been denatured. Denaturation consists of the splitting 
of bonds with a hydrogen bridge, hydrophobic interaction and saline bridges. 
and unfolding of the protein [7]. One of the main consequences of denaturation 
is partial or total loss of enzymatic activity. 

The sensitivity of a protein to denaturation is determined hy the facility 
with which the denaturing agents affect the integral three-dimensional structure 
of the molecule. As enzymes vary in stru~ture. their sensitivity to d!ff erent 
agents and the changes which they undergo must also vary ccnsiderably. That 
is to say. a particular form of treatment will not af!"ect lipa:;e and lipoxige=iase 
in the same manner. Simila:-ly, denaturation under varying ;;onditions also 
leads to different types of changes. 

Reversible and irreversibli inactivation 

Denaturation of enzymatic protein may be irreversible if the conc.litions of 
treatment are sufficiently harsh. or reversible if they are suffi_ciently mild. In 
the latter case, .rn equilibrium constant K may be definP.d for the reaction 
E (enzyme)~ Ed (denatured enzyme), which would be obtained from the 
equation K = [E]/[Ed]. The change in free energy L1 F would be given by the 
expression L1 F0 = -2.3 RT log K, where L1 F0 is the difference in free energy 
between a system where all the reagents are found in equimolecular amounts, 
R is the gas constant and T the absolute temperature once a state of equilibrium 
has been reached. If K > I, L1 F0 is negative and denaturation approaches 
equilibrium. If K < I. L1 F0 is positive and denaturation moves away from a 
state of equilibrium [8]. 

Activation energy 

A definite amount of energy Ea is required to activate the molecules to 
enable a chemical or biological reaction to take place, as given by the Arrhenius 
equation k =A exp (-E0 /R1), where k is the rate of reaction and A (known as 
the "frequency factor"), as well as Ea (known as the .. activation energy"), is an 
empirical constant. By converting to logarithmic form and integrating between 
the limits T, and T2, the following expression is obtained: 

_ E
0 

T2 - T1 
log (k2lk,) - 2.3 R . T2T1 

--
- ---~----------------------------------



Basic principles of the stabilization of rice bran 
61 

The activation energy is determined by plotting log k against l/T, the slope 
being equal to -0.052 Ea (joules). The activation energy for the denaturation of 
proteins is much higher than that for other chemical reactions. 

Denaturing (or inacti'Vating) agents 

Enzymatic proteins may be denatured by physical and chemical agents. 
The main physical denaturing agent is heat; ether age:ats include ionizing 
radiation, ultraviolet radiation, pressure and interfacial tension. 

lnacti'Vation of enzymes by heat 

Thermal stability of enzymes 

Aizono and others [9, 1 O] studied the variation in the stability of lipases I 
and II, when ~eparated from rice bran and heated (see figure 7). The enzyme 
was incubated at various temperatures at pH 6.5 for 15 minutes in the presence 
of CaClz. In the case of lipase I, the residual activity was determined using 
tributyrin under N

2
, at pH 7.5 and 35° C. For lipase II, the activity was 

determined in a similar manner, but at 20° C. Lipase I was shown to be stable 
below 40° C and lipase II below 30° C (see figure 7). Lipa~e I ceased to be 
active when treated at 60° C for 15 minutes and lipase II at 57° C for the same 
period of time. It should be noted that the thermal stability of pure enzymes is 
different from that found in situ in the bran, where they are protected by other 
constituents. At the same time, enzymes in solution cio not exhibit the same 
stability as in the dehydrated form or with intermediate moisture content levels 

(see below). 

Figure 7. Effect of beat on the staMlity of rice br:m lipases 
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Thermal inactivation plot 

The rate of protein denaturation depends largely on temperature. Whereas 
for most chemical reactions the rate of reaction is doubled for every IO K 
increase in temperature, the rate of protein denaturation may increase 600 
times over the same interval. 

The dependenc'! on temperature (above a certain critical value) is the result 
of two opposite effects: first the increase in the rate of enzymatic reaction and 
secondly the increase in the rate of denaturation of the enzymatic protein. The 
rate of denaturation increases much more rapidly than that of the reaction 
catalysed by the enzyme. In general, enzymes start to undergo thermal 
denaturation above 45° C. 

An equation analogous to the one used to determine the variation in the 
rate of thermal destruction of micro-organisms with temperature may also be 
used here. Figure 8 demonstrates this relationship between thermal inactivation 
and temperature for enzymes in the potato. The value of Z (that is to say, the 
temperature increase necessary to reduce D to IO per cent of its original value) 
for each enzyme can easily be determined from the plots. It can be seen that the 
most heat-resistant enzymes have higher Z values-the slope of the straight line 
is less. This n1eans that, in general, the more heat-resistant enzymes are less 
dependent on temperature (their activity varies less) than the less heat-resistant 
enzymes. 

The activation energy £, which can be determined from Z, for enzymatic 
catalysis is 25-65 kJ/mol, while that for enzymatic denaturation varies between 
200 and 630 kJ/mol. This means that the enzyme will be relatively stable at 
lower temperatures, but that denaturation will take place very rapidly at higher 
temperatures, since a relatively large number of molecules will have sufficient 
energy to attain the denatured state [12]. 

The thermal inactivation plot for heterogeneous enzymatic systems may 
not be a straight line, but may assume other forms, as is the case -vith thermal 
destruction curves for micro-organisms. 

Indicators of the efficacy of thermal inactivation 

Residual enzymatic activity is an indicator of the efficacy of heat 
treatment. In systems containing various enzymes of different degrees of 
stability (as in the case of bran), it is advisable to select as an indicator the most 
resistant of the enzymes present, or at least of the enzymes that would not 
subsequently play an undesirable role if not totally inactivated. Peroxidase is 
one of the enzymes found in plant foodstuffs that shows high resistance to heat. 
For this reason (and in order to be able to use simple and precise methods of 
determination), it is used in food technology as an indicator of the effects of 
heat processes. Inactivation of peroxidase presupposes inactivation of any other 
enzyme. This criterion is used for many industrial food processes and is not 
limited to vegetable foodstuffs. In milk, for example, the conditions necessary 
for the destruction of peroxidase also ensure the destruction of lipase (see 
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Figure 8. Semilogarithmic: plots showing tlle relationship between thermal inactiwation of warious 
enzymes and temperature 
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figure 9). Peroxidase has been successfully used as an indicator of efficacy in 
the stabilization of rice bran [13). 

It should be noted, however, that the heat resistance of lipases of various 
origins varies a great deal, and there are some extremely resistant lipases 
produced by micro-organisms. One of these is produced by the micro
organism Pseudomonas fluorescens, which is much more heat resistant than the 
thermostable fraction of potato peroxidase (see figure 10) [11). The possible 
existence of such cases must be taken into consideration when selecting a 
reliable indicator. As an example, the figure inciudes the temperature-time range 
representing F values between 2.7 and IO. At temperatures above 120° C the 
sterilization time is much less than that required for 90 per cent inactivation of 
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Fipre 9. Relationship betwffll time aad temperature ia te iaac:tiution 
or lipase and peroxidase in milk 
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the enzyme (D curve), which leads to insufficient enzymatic inactivation in HT
ST processes, that is to say, in processes involving high temperature and short 
treatment time. A combination of treatments at a lower temperature for longer 
periods of time (to inactivate enzymes) and HT-ST treatments (to destroy 
micro-organisms) may be advisable when highly heat-resistant enzymes are 
present (Z ~ 10 K). 

Factors affecting thermal inactivation 

Moisture content 

The susceptibility of proteins to thermal denaturation depends on various 
factors: moisture content, pH, ionic concentration and the type of ions presc:nt. 
The effect of water is extremely important. For example, wheat germ is 
denatured to approximately the same extent at 60° C and 24 per cent moisture 
content as at 70° C and 18 per cent moisture content [5]. Enzymes are also 
more stable under heat when less water is present. Relevant data have been 

0 
..,_ 
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Figure I 0. Dermal iaactintioll of a microbiological lipase (Psaulo111011tu jbloresce11S) aad tile 
thermostable fraction of potato peroxidase as a function of temperatutt 
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published [ 13] for rice bran peroxidase in the 20 per cent to 35 per cent 
moisture-cor.tent range (see figure 11). Information has subsequently been 
obtained for three temperatures (90° C, 100° C and 110° C) in the 6-18 per cent 
moisture-content range for rice bran peroxidase and lipase (see figures 12 and 13). 

pH 

The thermostability of enzymes also depends on the hydrogen ion 
c.oncentration. The heat resistance of the enzyme is normally greater at pH 
values near its iso-electric point. The effect of pH on the therma! inactivation of 
rice bran peroxidase at 121° C and 35 per cent moisture content is shC'wn in 
figure 14. 

Initial enzymatic activity 

Because of the laws governing the thermal inactivation of enzymes and the 
desirability of eliminating all enzymatic activity, initial enzymatic activity plays 
an important role in stabilization. It partially determines how much residual 

, 
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Figure 11. Tllttmal iuctiwation or rice braa peroxidase: effect or moista~ c:oatent or the braa 
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Not~: P represents the pre-heating time necenary to reich the r;quired tempcratt·re of 9S0 C. Tile 
percentages on the curves arc th~ moisture content of the bran on wcl weight basis. 

activity there will be after treatment, as show~ ir. figure 15. The combination of 
time and temperature needed to reach a given degree of inactivation vari~s with 
the level of initial enzyma:ic activity. This means that inacti\ation that may be 
suitable for one batch of bran may be inad:quate for :moth~r. 

Regeneration of enzymatic tictivily 

Some enzymes (peroxidase-. Iipoxigenase, trypsin) are able to recover their 
catalytic activity after they Jiave been inactivated by heat. Regeneration takes 
place during storage after the inactivation treatment ha:; b~en carried out. The 
extent of the reactivation depends on the conditiof's under which the htat 
treatment was carried out and on the storage temperature. Recovery of 
catalytic activity is proportional to the rate of inactintion. Processes that 
'.."ombine high temperatures with short treatment times (high rates of inactivation) 
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Fig":"""e 12. Effect of stabilization conditions (moisture content, time and temperature) 
on rice bran peroxidase activity 
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Figme 13. Effecl of sta:.iliutioll c:NMitiOllS (roist•re c:oate.t, time a!Jd temperature; 
on rice bru lipa...: acti•ity 
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Figure 14. ~rmal inactitatit>s of ric:e bran peroxidase: dfec:t of pH 
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are more conducive to the recovery of \!nzymatic activity than others using 
lower temperatures for longer treatment times (lower rates of inactivation) for 
the 3ame inactivation percentages (see figure 16). 

There are various forms of reversible loss of enzymatic activity by heat 
treatment and subsequent recovery following storage at lower temperatures. 
These are due to: (a) changes m the: secondary and tertiary structures of the 
enzymatic proteir.; (b) dissociation of the sub-units of the quaternary structure; 
and (c) dissociation of the essential co-factors for enzymatic action [ 12). 

Effects of wa1tt activity on enzymaJic activity 

T!le dependence of enzymatic act;vity on water activity or on relative 
humidity has already been discussed. In general, enzymatic 1ctivity is only 
significant above the area of monomol~cular adsorption. The amount of free 
water serving as a vehicle for enzymatic processes increases under these 
conditions. It has already been noted, however, that, if the substrate is 
sufficiently mobile to combine with the enzyme, the reaction may take place at 
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Fig!.lre IS. Effect of initial enzynialic ac:tiwity on the effic:ac:y of the stabilization process, at 12 per 
cent relatiwe humidity and a temperature of l I0° C 

40 

E 
IV ... 
Cl ... 

30 QJ 
a. 
"' .~ 
c 
::I -
~ ·:;; 
-~ 
u ca 
CD 

"' ca 
:2 
)( 
0 

20 ... 
CD a. 
ii 
::I 
:2 ... 
QJ 

a: 

10 

0 
2 6 10 

Treatment time (minutes) 

£ 



Basic principl~s of 1h~ s1abiliza1ion of ric~ bran 

Figure 16. Relationship between the regeneration of turnip peroxidase 
and rate of beatiag during iaactiYation 
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water activity levels below the monomolecular zone. Such is the case with 
lipolysis of liquid unsaturated triglycerides (oils). In any case, very low values 
may reduce enzymatic activity to practically zero. When water activity starts to 
increase again, however, the activity recovers proportionately (see figure 17). It 
should be noted that solid substrates may be attacked at very low water activity 
values if they are in close contact with the enzyme [ 15]. 

Effects of pH on enzymatic activity and stability 

The pH value is one of the most important variables in chemical 
denaturing agents. Enzymes are usually stable in the realtively narrow pH 
range within which their optimum pH occurs (see figure 18). Extreme pH 
values reduce the activity of the enzyme; this may first of all lead to reversible 
and subsequently to irreversible inactivation. Significant ionization changes 
take place in free amino-acid functional groups, which cause a distortion of 
the three-dimensional structure of the protein molecule. If no major changes 
occur, recovery may result in a re-forming of the original structure. Otherwise, 
irreversible denaturation anJ inactivation may occur (7, 17, 18, 19]. 

Aizono and others (9, 10] have studied variations in the stability of rice 
bran lipases I and II with pH (see figure 19). In one case-lipase I-a 66-mM 
enzyme solution in a buffer with varying pH values was incubated at 8° C for 
26 hours and dialysed against 0.5 mM CaCl2 to remove salts. Moreover, the pH 
values of the enzyme solutions containing 0.3 mM CaC12 were adjusted with 
0.1 N NaOH or 0.1 N HCI every three hours throughout the 26-hour 
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Figure 17. Rate of enzymatic hydrolysis of lecithin in a mixture of crushed barley-malt 
with 2 per cent lecithin. stored at 30° C at different lnels of water activity 
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incubation period at 8° C under nitrogen. Residual act1v1ty was determined 
using tributyrin as substrate. In the other case-lipase II-a 34-mM enzyme 
solution in buffers of varying pH was incubated at 10° C for 5.5 hours. 
Following incubation, the enzyme so!utions were dialysed against 0.5 mM 
CaC1

2 
at pH 6.5. Residual activity was determined at pH 7 .5 and 25° C. The 

results obtained in both cases indicated that lipase I was stable in the pH range 
between 4 and 9, lipase II was stable between 5 and 9.5 (see figure 19). 

Figure 19. Effect of pH on the stability 9f rice bran lipase 
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A combination of physical agents (e.g. heat) and chemical agents (e.g. pH) 
is common (see figure 20). 

Figure 20. ~ate of inactiYatioa of soya bean lipoxidase at pH 4 and pH 7 
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Other thermal in11ctiv11ting 11gents 

Electrolytes and ionic strength may act as denaturing agents. Ions from 
heavy metals (Ag+, Hg2+, Pb2+) normally have poisonous effects on enzymes. 
An ion may nevertheless inactivate one enzyme and activate another, or 
activate one enzyme at one particular concentration and inactivate it at 
another. High concentrations of electrolytes (brine) therefore inhibit enzymatic 
action, while low concentrations of Ca 2+ are essential for lipase activity. 

The pressure and shearing forces have an inhibiting effect but it is not 
practical to use them. 

Enzymes may be inactivated by ionizing radiation. The radiation resistance 
of en~ymes varies greatly, the necessary dose for inactivation in situ being 
greater than that required to destroy micro-organisms (see table I). In general, 
inactivation by ionizing radiation depends among other things on enzyme 
concentration, water activity, pH and temperature. Enzymes are more resistant 

() 
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to radiation in the dry state. Inactivation is greater in the presence of water; it 
involves radiolysis of the water, as well as harmful effects due to the resulting 
free radicals. Higher temperatures are conducive to inaclivation by irradiation. 
In any case, irradiation poses major economi-: as well as technical problems. 

Proteins tend to become adsorbed in the interfaces, usually reflected in 
denaturation. The high bterfacial tension that may occur on the water-air 
interface or water-oil interface seems to force the tertiary or secondary structure 
of the protein to unfold, so that the molecule spreads over the surface. Even 
lipase, which is believed to be especially well adapted to retain its activity in the 
water-oil interfaces, may be denaturated by adsorption in the water-triglyceride 
and water-air interfaces [22]. 

Control of other harmful constituents of bran during stabilization 

The stabilization process may severely damage insects and some of the 
antinutritive substances, for example trypsin inhibitors. Insects will not 
withstand the combination of time and temperature necessary for the 
destruction of micro-organisms and the inactivation of enzymes. In view of the 
high risk of infestation in bran, the destruction of insects in all vegetative forms 
is a very positive result of thermal stabilization. Moreover, trypsin inhibitors 
are thermolabile, and the right heat treatment will generally result in an 
increase in the nutritive value of protein [23]. An extensive study has been 
made of this question in relation to the soya bean. Figure 21 shows the result.> 

Figure 21. Effect of steam treatment on the protein efficiency and trypsin inhibitor 
actiYity of raw soya meal 
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of the steam treatment of raw soya meal with moisture-content levels of 5 and 
15 per cent at atmospheric pressure. In both samples over 95 per cent of the 
inhibitor is destroyed after 15 minutes. and the improvement in the nutritive 
value of the protein is somewhat greater in the sample with the higher moisture 
content. A study of the relationship between heat inactivation of trypsin 
inhibitors in rice bran and treatment time. temperature and moisture content 
(24] has shown that over 95 per cent of the activity is destroyed in less than five 
minutes at 100° C; the rate of inactivation increases with the moisture content 
of the bran (see figure 22). Similar results were obtained for the thermal 
destruction of haemaglutenins [25]. 

Figure 22. Effects of heat oa the trypsin iuibitor actirity of rice braa as a faactioa of treatmHt ti
aad moistare c:oatnit of the bru 
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Loss of valuabfe constituents of bran during stabilization 

Means of stabilizing bran and stability of tire constit•ents 

Heat is the most commonly used means of stabi1izing bran, and the most 
promising. Chemical agents and ionizing radiation have also been tested. Bran 
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has been subjected to various conditions, in order to discover the most effective 
ways of inactivating the enzymes, since the latter causes the bran to deteriorate 
during storage. Unfortunately, in inactivating the enzymes, stabilization also 
impairs the valuable constituents (oil, proteins, vitamins and other nutrients), 
the degree of damage depending on the mode of treatment and the conditions 
under which it is carried out. Beneficial effects (inactivation of enzymes, 
destruction of micro-organisms etc.) and harmful effects (reduction in the 
quality or quantity of valuable constituents) must therefore both be taken into 
account when selecting the means and conditions of treatment. The stability of 
the chemical constituents responsible for the functional properties and 
nutritional value of bran is not covered here, and other specialist works must 
be consulted. Nevertheless, some indication of possible damage is essential. 
Although stabilization is mainly considered from the point of view of the 
subsequent extraction of oil from the bran, the possible use of other 
constituents-proteins, for example-as nutrients is also examined. 

Effects of various means of stabilization on the valuable constituents 

0
., 
'· 

Decolorization is an important stage in the extraction of edible-grade oil 
from bran. Oil must comply with certain specifications, including colour, in 
order to be considered edible and marketable. The facility with which crude oil 
can be decolorized in the refinery is an important indicator of the acceptance or 
rejection of the crude oil for industrial purposes. 

Heat treatment darkens the colour of crude oil extracted from the bran 
with heAane. The extent of the deterioration depends on the conditions of 
treatment: the harsher these are, the greater the deterioration. It should, 
however, be pointed out that in industrial practice a change in the colour of 
crude oil is less important than a change in the ease with which it can be 
decolorized. That is to say, the final criterion for evaluating deterioration is not 
the darkening of the colour of crude oil, but whether or not it can be 
decolorized, and the ease with which this can be done. 

Heat treatment may lead to oxidation, which. besides resulting in a loss of 
essential fatty acids, has a number of other side effects (see figure 23). The 
resulting hydroperoxides formed may give rise to the formation of carbonyl 
compounds or to polymerization. The free radicals and hydroperoxides may 
react with pigments, aromatic constituents, protein!. and vitamins, producing 
new chemical components and reducing the nutritive value. of the sulphur 
amino-acids and vitamins-such as tocopherols-by oxidation. Carbonyl 
compounds may reduce the biological value of proteins by combining with the 
epsilon amino group of lysine. 

There are many analytical j)rocedures for determining changes in lipids 
(see table 2). Again, as far as the extraction of edible-grade oil is concerned, 
emphasis must be placed not on the colour of the crude oil but on the ease or 
difficulty with which it can be decolorized. To this end, crude oil must be 
subjected to a decolorizing test under conditions simulating those used in 
industry, and its behaviour judged according to yield and final colour. 

\ 
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Figure 23. Paths of loss of nutrients d• lo oxidalin diuges in lipids 
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TABLE 2. ANALYTICAL METHODS FOR DETERMINING 
CHANGES IN OILS AND FATS 

Change Methods 

Colour Iodine colour scale 
Lovibond colour scale 
Transmission, 360-500 nm 

Conjugalion Extinclion at 232 nm 
Extinction at 268 nm 
Refractive index 

Polymerization 

Oxidation 

Iodine index 
Density 
Viscosity 
Gel permeation chrornatography 

Peroxide index 
Epoxide index 
Aldehyde index 
Colour in alkali 
Oxidized fatty acids insoluble in light kerosene 
Volatile carbonyl compounds 
Liquid-liquid chromatography 

So11rt:t: T. Morton (28). 
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Prc;teins 

Five types of change in proteins during technological processes have been 
differentiated [29]. The first type includes changes in tertiary structure of the 
protein molecule, caused by mild heat treatment. They have no effect on the 
nutriti''te value, but do contribute towards changes in physical or chemical 
properties, for example in solubility, viscosity and the eletrophoretic mobility 
of the globular proteins. The second type includes the non-enzymatic browning 
or Maiilard reaction between lysine, through its epsilon amino group, and 
reducing substances (glucose, lactose, maltose and carbonyl compounds of 
oxidized fats). The resulting bond is not hydrolysed during digestion and the 
amino-acid, although present, is not available, so that the biological value is 
reduced. Other adjacent amino-acids that are not directly involved may also 
lose their ability to affect the new bond, owing to the specificity of the digestive 
enzymes. The third type includes harsher forms of heat treatment and implies a 
loss in the availability of other amino-acids, besides lysine, which may occur in 
the absence of reducing substances. Cystine may be converted at 115° C into 
compounds such as methyl mercaptan, dimethyl sulphide and methyl disulphide 
if the treatment time is sufficiently long. Protein-protein interaction (C-N 
bonds) may also occur above 110° C over a long period of treatment (measured 
in hours); new bonds are formed, such as =CHN=, which cannot be hyelrolysed 
by the enzymes of the gastro-intestinal tract, with a consequent loss in nutritive 
value [30]. The fourth type of change includes deterioration under particularly 
harsh forms of treatment (toasting of cereals, for example), with the destruction 
of amino-acids by decomposition or racemization and the formation of cross
linkages producing polyamino-acids [31]. Treatment at 180°-300° C, as in the 
roasting of coffee and the baking of biscuits, may produce these effe~ts. In one 
case [32], the baking of a biscuit at 200° C for 15-20 minutes lowered the 
protein efficiency ratio (PER) from 3.5 to 2.4, while cooking at 130° C for 
40-60 minutes lowered it to 0.8. In another case [33], baking at 180° C for 
13 minutes reduced the net protein utilization (NPU) by 72 per cent. T!le fifth 
type includes changes in an alkaline medium and those due to oxidation (already 
referred to in the previous section). Peroxides of lipids may react with amino
acid residu~~ of proteins at high temperatures, so that their availability is 
reduced. Methionine may be affected. Oxidation may lead to the destruction of 
tryptophan and tyrosine. 

Vitamins 

The main vitamins in bran and related products are in the B group, in 
particular thiamine, and the tocopherols. 

In general, the procedures tested for the stabilization of bran-heat, 
chemical compounds, ionizing radiation-affect its vitamin ~alues. 1 Thiamine 
is unstable under heat at neutral and alkaline pH values, but is stable at an acid 
pH up to 120° C. Thermal destruction of thiamine leads to cleavage of the 
molecule and the formation of pyrimidine and thiazole rings. Secondary 

1Thiamin and tocopherols, like some other vitamins, exist in a variety of forms in rice by· 
products; each has a different vitamin content and level of stability. Retention of the total vitamin 
value, following physical or chemical treatment, depends on the relative concentrations of the 
various forms present. 
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products are derived (including elemental sulphur, hydrogen sulphide and 
thiophene), which all have a peculiar smell. No data are available for bran, but 
thiamine lvsses of 5 per cent at pH 6.0-6.4, 25 per cent at pH 6.9 and 55 per 
cent at pH 7.5 have been recorded for various bakery products [34]. The 
retention of thiamine depends on time of exposure, temperature and moistlire 
content. Thiamine losses of around 25 per cent at a moisture content of 
20-30 per cent and over 70 per cent at a moisture content of iO per cent have 
been recorded [35]. Losses may be significant if t'1e cooking is done by 
extrusion; figures of 10 per cent and 40 per cent have been recorded under 
given steindard conditions at 149° C, and these rose to 50 per cent and 80 per 
cent at 193° C. 

Thiamine is destroyed by the action of S02 (sulphite, HSOj); the molecule 
!:plits into two, in rather the same way as it does when exposed to heat. In this 
case the rate of destruction depends on the pH value. Deterioration is slow at a 
pH of 3, more rapid at a pH of 5 and instantaneous at a pH of 6 [29]. 

Tocopherols are destroyed under oxidizing conditions such as exposure to 
air and light, and their destruction is accelerated by heat. About 50 per cent of 
the tocopherols in flour are lost during the baking of bread [36]. Vitamin E 
activity also falls considerably if auto-oxidation of the lipids is significant. 
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ill. Morphology, anatomy, histology and 
histochemistry of the discrete particles 
in commercial rice bran 

Introduction 

Commercial bran is derived from milled rice, being composed of a mixture 
of quite distinct fragments (see figure I). In view of the diversity of the 
machines used to produce them and of the conditions under which they are 
processed, it is not surprising that cc.mmercial brans should display very 
marked differences, even when they are derived from a single variety and are 
included in the same consignment of rice. 

The anatomical layers of the grain that are separated during milling 
constitute the raw material from which bran is obtained. A knowledge of them 
is necessary for a full understanding of the preparation of rice and the nature of 
commercial bran, but because of the complexity of the transformations 
undergone by these anatomical layers during milling, and their effects, this 
knowledge is not enough to identify and determine the essential characteristics 
and properties of the bran, which are unique. Commercial bran and bran layers 
in the grain are two entirely distinct products, which must be studied 
individually. 

Most works on histology and histochemistry ref er to bran in the form in 
which it appears in the caryopsis, not as a mixture of individual discrete 
particles. Very little research has been done on the mechanism by which bran 
particles are formed during milling, despite the fact that it is essential to know 
something about the subject not only in order to produce top-quality bran but 
also in order to improve the milling process. 

In commercial bran produced from raw rice, more than 15 different types 
of discrete particles have been identified, in addition to a few fragments of 
covering material from the rubber-roll husking machines and of the abrasive 
coating of the whitening machines, fragments of other seeds and other 
materials. In the following description 1 they are divided into two major groups: 
simple particles, consisting of tissues or cells corresponding to a single 
anatomical structure, and compound particles, consisting of several of these2 

(see table 1) [ 1, 2]. 

11ncorpora1ing part of the research work for the doctoral thesis of L. Navarro Lucas and 
A. J. Pineda, carried out in the authors' laboratory. 

2The dimensions given for histological and histochemical preparations may be innuenced by 
the preparatory techniques used, and should therefore be considered with reserve. 
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Pt-I 
Pt-V 
Pt-VI 
Pt-VII 
Pt-IX 
?t-X 
Pt-XI 

Figure I. Particles in commerchd rice bran showing heterogeneous composition 
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TAH!...E I. TYPES OF DISCRETE PARTICLES IDENTIFIED IN COMMERCIAL BRAN. 
AND THEIR ANATOMICAL COMPOSITION 

Types of partide 

Simple Compound 

.~11aromica/ srrucrure l J 4 5 6 7 l J 4 5 IS 7 

Flowering glumes 
Glumes x 
Trichomes only x 

Sterile glumcs x 
Pedicel x 
Pericarp x x x x x 
Starchy endosperm x x x x 
Germ x x x 
Fibres x 
Seed-coat x x x x x 
Alc:uronc: x x x x x 

Source: Pineda [2J. 

Simple discrete particles in commercial bran3 

The simple particles are fragments of the flowering glumes, sterile glumes, 
pedicel, pericarp, starchy endosperm, germ (also whole) and fibres. 

Fragments of lemma and palea 

The fragments of lemma and palea found in commercial bran (see figures 2 
and 3) are in the form of irregular polygons. The larger fragments measure 
about 1.5 x 2.5 mm (although they may vary considerably, depending upon 
how fine the meshes of th~ whitener screen and subsequent sieves are) and are 
very rare; smaller fragments are m0re numerous, especially those measuring 
25-40 µm; the transverse section (see figure 2) is about 80-120 µm thick. One of 
the faces is smooth and the other rough and wrinkled, with undulating folds 
and covered with trichomes. 

The trichomes, both whole and broken, are inserted obliquely, at an angle 
of 30°-45°; they are more numerous along the nerves and sparser on either side 
of them. In addition, fragments consisting only of the nerve, 0.3-0.5 cm long 
and some 10 µm thick, and other material derived from the awn of the lemma, 
have also been identified. Frequently, these particles of lemma and palea are 
found adhering to small fragments of starchy ~ndosperm in the folds and 
between the trichome. 

'The commercial brans studied [I. 2) come: from the Japonico. Bahia and Bahia x Sollana 
varieties of rice:. cultivated in Spain. The processing programme of the: industrial mill used consisted 
of: scales, cleaners (with air), rubber-roll husker, husk e"tractor. paddy separator, return hus!.er 
(rubber-roll), whitening cones with abrasive: coating (four successive units). grad('rs and germ 
separator. 
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( 1) Silica cuticle layer 
(2) Outer epidermal layer 
(3) Sclerenchymatous layer 
(4) Inner epidermal layer 
(5) Parenchymatous layer 
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Figure 2. Transverse section of the lemma 
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Inner epidermal layer 
Lodicule 
Outer epidermal layer 
Silica layer 
Vascular bundle 

Figure .l Transversr section of palea 

(Magnification 270X) 

Snurce: Barber, Pineda and Rencdi10 de Barber I 1 J. 
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The carbohydrates are contained in the cellular walls [ 1 ]4 and are mainly 
in the form of cellulose, with smaller amounts of hemicelluloses, especially 
pentosans; they contain no starch [3]. Lignin is found in abundance in all the 
histological layers, but especially between the walls of the cells of the 
sclerenchymatous layer and outer epidermis and the vascular bundles (1, 4]. It 
is also found encrusted between the fibrils of the cellulose of the cell walls-the 
cells being mainly those of the outer epiJermis and sclerenchymatous layer 
(2, 4]-and chemically combined with the hemicelluloses [7]. No proteins or fat 
globules have been detected. Wax and cutin are localized in the epidermal layer 
[l]. Silica has been fo:ind on the cuticle of the cutin, on the outer epidermis 
(where it forms a layer varying in thickness from 2 to 6 µm), in the inner 
epidermis (I µm thickness) and in the walls of the sclerenchymatous cells, 
vascular bundles and epidermis [3, 8]. 

Whole or fragmented trichomes that have become detached from the 
glumes are common components of commercial bran. In commercial samples 
of bran of the Bahia and Balilla x Sollana varieties, trichomes or trichome 
fragments 100-700 µm long, with a maximum diameter of 40 µm, have been 
found. Carbohydrates, lignin and lipids have been detected in the trichomes [l]. 

Fragments of sterile glumes 

Fragments of sterile glumes, which generally come from cracks along the 
nerves, are not very numerous. They are yellowish-white and their outer surface 
is relatively smooth. Trichomes are present, of course, although not in great 
numbers, being much more characteristic of the flowering glumes (see also 
chapter I above). The fragments of sterile glumes are not of uniform size, th! 
smallest being some 2 mm long. They vary in thickness (60-120 µm), being at 
their largest where they are closest to the vascular bundle. Although a very rare 
occurrence, sterile glumes that are almost whJle have also been found. In the 
particles analysed, three layers of the histologi~al structure proper to the sterile 
glumes have been detected: outer epidermis, inner epidermis and intermediate 
pare!lchyma. The first is formed of a layer of elongated cells, 50-70 µm long by 
5-10 µm wide, arranged tangentially; the outer side of the cell wall, 3 µm thick, 
is covered by a thick cuticle (5 µm). The inner epidermis is similar. The 
intermediate lamina has from two to four layers of cells of variable length 
(20-70 µm) and more uniform width (some 7 µm), with thinner walls than the 
epidermal cells [2]. 

The chemical components of the sterile glumes, and their distribution, are 
similar to those of the flowering glumes. 

Fragments of the pedicel 

Pedicel fragments are normally very rare in ccmmercial bran. They are 
cylindrical, elongated and of variable sir.e (with a maximum length of 3 mm). 
Their surf ace is striated, and the cell walls contain carbohydrates and lignin [2]. 

'Starch. cellulose, hemicelluloses, pectic substances, glycoproteins and glycolipids, which give 
a positive reaction with Schifrs perio<!ic acid reagent (PAS) [5, 6). 
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Fragments oftlie pericarp 

Most of the pericarp fragments identified in commercial bran (see figure 4) 
are elongated, varying in length (not more than 800 µm) and of relatively 
uniform thickness (6-811m). In the particles investigated, the tissue constituents 
were frequently compressed, forming a dense film, the constituent cell layers 
not being differentiated [2]. The histological characteristics are described in 
chapter I of the present publication. 

The following have been identified in the pericarp: cellulose [9] and 
hemicellulose [ l, 9], lignin [ l ], proteins [ l, 9-], lipids, cu tin and waxes [ l, 10], 
phytin [l, 4], anthocyanins [I I] and silica [l]; lipase activity has also been 
identified [IO]. The PAS reaction for carbohydrates [5] is positive in the cell 
walls of the pericarp, with the exception of the transverse cells [l]. The lumen of 
the epidermal and tubular cells stains likewise. It has been noted that such cells 
are empty [4]. Ne starch has been detected in the pericarp [l, 4]; cellulose and 
the hemicelluloses appear to be the main carbohydrates [9]. Lignin is found in 
the cell walls of tl!e pericarp, where it is easily identified with Schiff reagent; on 
the: other hand, th~ Schiff reagent does not show the presence of lignin in the 
tubular cells [I], even when they are known to be lignified [4]. Proteins, as 
indicated by the Hg-BPB reagent [12] can be found in the hypodermis and in 
the transverse cells [I]. Their localization in the cell walls of the pericarp has 
been noted by various authors [9, 13]. A film of lipoidal material, about I µm 
thick, has been found on the epidermis, using Sudan black [I]. Cutin has been 
detected in the pericarp [14]. The lumen of the pericarp cells likewise stains 
with Sudan black, since these are empty cells with no fat globules. 

Fragments of the! starchy endosperm 

Fragments of the starchy endosperm are found in great numbers in 
commercial bran (see figure 5). They vary in size from a few micrometres to 
more than I mm, the larger ones depending upon the mesh size of the screen of 
the whitening machine and subsequent sieves, if any. The cell fragments are 
among the smallest particles. The cells of the starchy endosperm particles have 
an irregular pentagonal or hexagonal section. The former are usually smaller 
(30 x 25 µm, as against 60 x 40 µm). The walls of the cells along the torn 
surface are generally broken. The cracks seen in many of the fragments are 
thought to be the membrane covering the starch granules and crossing the 
juxtaposed cell walls. 

In addition to starch and proteins, cellulose, hemicellulose and lipids have 
also been identified in fragments of the starchy endosperm of commercial bran. 
While starch is found in the lumen of the cells, cellulose and hemicelluloses are 
found in the cell walls [ 1 ). The proteins in the starchy endosperm exist not only 
as protein bodies [ 15, 16] but also as cementing material between the protein 
bodies and the compound starch granules [9, 17] and as a lipoprotein membrane 
surrounding the starch granules. In th: endosperm, the protein bodies measure 
1-5 µmin diameter [15, 16, 17, 18]. The fats are located between the compound 
starch granules and in the membrane surrounding both simple and compound 
granules. The fats in some particles of the starchy endosperm are barely stained 
by Sudan black [I]; these particles probably come from the central portion of 
the endosperm, where their presence has not been detected histochemically [ 19]. 
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Fl~ure 4. Section of a pericarp particle 

(Magnification 925X: stained with mercuric chloride-bromophenol blue ( Hg-BPB) 10 iden1ify proteins) 
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Germ 

Commercial bran, obtained from paddy and not from parboiled rice, 
always contains whole germ, as well as germ fragments (see figure 6). Because 
of its high tissue differentiation, these particles are readily distinguished from 
the other components of the bran. The most commonly found fragments of 
germ are whole plumule, coleoptile, coleoptile and plumule combined, radicle 
combined with calyptra and coleorhiza and scutellum combined with epiblast. 
Whole germ, or fractions containing scutellum, usually have adhering to them 
endosperm from the layer of crushed cells. 

As has already been noted in chapter I above, commercial germ consists 
of: (a) an embryonic axis; (b) the tissue surrounding the embryonic axis; and 
(c) outer coverings which correspond to other anatomical parts of the caryopsis 
[20] (see figure 7). The three fractions represent 20 per cent, 71. 78 per cent and 
8.32 .:-er cent by weight, respectively [21]. The distribution by weight of the 
various anatomical parts of the caryopsis of rice are shown in table 2. 

TABLE 2. ANATOMICAL DISTRIBUTION OF THE RICE 
CARYOPSIS 

Anatomical part 

Pericarp and aleurone 
Starchy endosperm 
Germ 

Plumule 
Radicle 
Scutellum 
Coleorhiza 
Epiblast 

Percentage of 
caryop:ri! 

7.0 
90.7 

2.3 
0.34 
0.18 
1.4 
0.18 
0.26 

Source: Hinton [21) and Hinton and Shaw (22). 

awith the coleoptile. 

Histology of the main parts of the germ 

The embryonic axis5 

Percentage of 
germ 

12.91a 
7.09 

52.I 
8.33 

I 1.25 

The embryonic axis is L-shaped and is situated in the central part of the 
germ. It consists of plumule,6 coleoptile, radicle and hypocotil. The plumule is 
sited on the larger side of the L that forms the embryonic axis. It is in the shape 
of an igloo, with a circular transverse section, some 0.30 mm in diameter and 
with a height of about 0.40 mm (Balilla x Sollana short grain variety) (see 
figures 7-10). Only two or three leaves have been found on the plumule, 
surrounded by the epidermis and by conducting bundles. 7 In the centre of the 

'The part of the germ which develops during germina~ion, giving rise 10 the new plant. 
6
The cauline apex of the embryo; it includes the primordial leaves. During germinacion it 

gives rise to the primary leaves and to the stem. 

'Nerves of the mature leaf. 

----.l. 
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Fiaure 6. Histoloaical preparation of commercial rice bran, showlna the presence of various fraaments of aerm (Ge) 

(Magnification 3SX; stained with PAS to identify carbohydrates) 
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(1) 
(2) 
(3) 
(4) 
(5) 

Coleorhiza (6) 
Coleoptile (7) 
Crest (8) 
Endosperm (:}j 
Epiblast 
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Figure 7. Tnnnerw stttion of the ric:e germ 

( Magnificat:on 90X) 
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Figun 8. T ransnrw stttion through the plumule of the ;ice germ 

(Magnification 170X; stained with PAS) 

Snuru: Pincd;ii [2). 
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Figure 9. Histological prepantion of commercial rice bran. showi:tg a fragment of plumule 

(Magnification 2IOX; stained with PAS to identify carbohydrates) 
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Figure 10. Longitudinal section of the rice germ, showing plumule and radicle 

(Magnification 135X; stained with PAS) 

!frluru: p;'leda (2). 
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spiral formed by the leaves the apical me-ristem can be seen (see figure 8). The 
cells of the embryonic leaves have thin walls; their transverse profile is 
polyhedral and approximately isodiametric (7 Jim), while the longitudinal 
profile is extended. The cells of the epidermis are differentiated from the 
remainder in that they are arranged in a palisade. Externally they are covered 
with a thin cuticle (0. l-0.2 Jim). The cells of the conductor bundles (3-6) are 
polygonal, measuring some 4 pm in transverse section, and rectangular, 
measuring some 4 x I I µm in longitudinal section. The apical meristem 
contains isodiametric cells (4 pm). 

The coleoptile8 is the outer cover of the plumule (see figures 7 and 8). It 
has a pore at the apex. It varies in thickness (0.11-0.18 mm), depending on 
where it is located, and consists of some 9-12 layers of cells, which are irregular 
polygons in transverse section and rectangular in longitudinal section. These 
are arranged longitudinally (see figure 8). The cells of the other layer. which are 
prismatic, form an inner epidermis; this and the outer epidermis are covered by 
a cuticle of t.1-1.3 pm and about 0.5 Jim respectively. 

The hypocotyl9 connects the plumule with the radicle 10 (see figure 7). It 
consists of compound provascular bundles of large, aligned cells, surrounded 
by parenchymatous cells. 

The radicle is cylindrical and about 0.45 mm long (see figures 7 and 11). It 
is situated on the short arm of the L forming the embryonic axis (see figure 6). 
The transverse section (about 0.35 mm) shows a variety of tissues arranged in 
radial symmetry (see figures 7 and 11), including: (a) a cuticle 6-10 pm thick 
( 1.5 pm in the apical meristem); (b) epidermis and subepidermis of prismatic 
cells, measuring about 11 x 23 and 7 x 4 pm respectively, arranged in a 
palisade; (c) exodermis of two layi:rs of cells of different shape and size; 
(d) cortical cylinder, about 70 pm thick, with from five to seven layers of oval 
and round cells (measuring 10-20 pm); (e) endodermis of one layer of pa"ismatic 
cells measuring 6 x 5 pm; ({) pericycle of one or two layers of cells; and (g) a 
central cylinder, in which the protophloem, the protoxylem and the metaxylem 
can be discerned among the numerous parenchymatous cells. At the apex of the 
radicle is the apical meristem. 

The outermost layer of the meristem is the calyptrogen, which produces 
the calyptra. The dermatogen, which gives rise to the epidermis, the periblem, 
from which the cortical cylinder is formed, and, finally, the plerome, which 
gives rise to the central cylinder, are also present. The apex of the radicle is 
covered by the calyptra. 

Table 3 indicates the distribution of organs and structures in various 
histological areas of the embryonic axis [23]. The cells of the scutellum contain 
many round particles, around 2-3 pm in diameter, covered by a membrane, 
which are similar in appearance and composition to the aleurone grains (24]. 

•some authors consider the coleoptile 10 be a young modified leaf, while others affirm 1ha1 ii 
is a colyledon, or even lhat it forms part of !he latter in conjunction with lhe scutellum [21 ). During 
1he firs! few days after germina1ion ii develops along with the plumule, bu1 is subsequenlly 
reab~orbed. 

9The primary seem. 

'°The primary root 1ha1 during germination develops into 1he main root of lhe plant. 



Key: 

(1) Central cylinder 
(2) Cuticle 
(3) Cortex. 
(4) Epidermis 
(5) Endoderm1s 
(6) Ex.odermis 
(7) Metax.ylem 
(8) Protophlc •m 
(9) Pericycle 

(10) Protox.ylem 

Sourer: Pineda (2). 

Figure 11. Transverse section of the radicle of the rice germ 

(Magnification 330X; stained with PAS to identify carbohydrates) 
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TABLE 3. DISTRIBUTION OF ORGANS AND STRUC"fURES IN HISTOLOGICAL 
AREAS OF THE RICE GERM 

Go/gi Prottin 
Histological arta apparatus bod its 

Sc•1tellum proper 

Epithelium (an epidermis) + +a 
Farenchyma +a 

Provascular tissi:e + 
Epidermi.> +a 

Ventral zone of scutellum 

Epidermis +" 
Parenchyma +a 

Lateral zone of scutellum 

Epidermis +a 
Parenchyma +a 

Coleoptile 

Epidermis +a 
Parenchyma +a 
Provascular tissue + 

Plumule 

Apical meristem + 
Embryonic leaf 

Epidermis + +a 
Parenchyma 
Provascular tis);.;'" + 

Mesocotyl 

Parenchyma +a 
Provascular tissue + 

Radicle 

Calyptra + + 
Apex + + 
Epidermis + 
Hypodermis 
Cortex (i>arenchyma) +a 
Endodermis 
Vascular cylinder 

i'ericycle 
Meta xylem 
Procambium 

Colecrhiza 

Epidermis close to the radicle + 
Parenchyma +a 
External epidermis +a 

Epiblast 

Epidermis + 
Parenchyma +a 

Sourct: Bechtel and Pomeranz [23). 

awi1h inclusion of electron-dense material. 
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The tissues surrounding the embryonic axis 

Although they are not clearly separated, it is possible to distinguish: (a) the 
scutellum; (b) the coleorhiza; and ( c) the epiblast. 11 The scutellum is connected 
with the coleorhiza in the lower part of the radicle and with the epiblast in the 
upper cuter part of the coleoptile. 

The scutellum 12 is the largest part of the germ (see table 2). It lies between 
the embryonic axis and the endosperm of l;le grain (see figures 7 and 8). The 
larger part of the scutellum consists of parenchymatous cells, of irregular 
polyhedral profile, some 14 x 18 µm in longitudinal section. On the outside, 
except where it is joined to the epiblast and the coleorhiza, it has an epidermis 
of prismatic cells, covered by a thin cuticle; adjacent to the endosperm, the 
epidermis is modified to form a layer of cylindrical absorption cells, known as 
epithelium, with some invaginations known as epithelial glands. In transverse 
section, the cells of the epithelium appear in disorder, but in longitudinal 
section they are palisaded (see figure 12). A conductor bundle extends from the 
upper part of the scutellum to the base of the plumule. 

The coleorhiza is a protective tissue for the radicle, around which it is 
wrapped (see figure 7). It is connected to the scutellum at the lower and rear 
part of the germ and with the epiblast at the top of the lower outside part of the 
plumule. It consists of parenchymatous cells of irregular polygonal profile. 
Externally it has an epidermis of prismatic cells, broadened and of different 
size, covered by a thin cuticle (see figure 13). Between the coleorhiza and the 
a!eurone layer an empty space has been observed, but in the region of the crest 
of the germ, both parts are joined by means of a .. suspensor"ll (see figure 14). 

The epiblast is a protective cover for the plurnule, wrapped around it on 
the outside and laterally, but without coming into contact with it (see figures 7 
and 10). The upper junction with the scutellum is incomplete and at the lower 
junction the epiblast is fused with the coleorhiza. It is formed of polygonal, 
isodiametric parenchymatous cells with flattened walls, some 6 pm in transverse 
section and elongat~d from 7 to 12 pm in longitudinal section, and is covered 
by a monocellular epidermis with a thin outer cuticle. 

Table 3 records the organella and structures found in the scutellum, 
coleorhiza and epiblast [23]. 

Germ conductor system 

The germ conductor system consists of the provascular bundle extending 
through the hypocotyl, from the radicle to the base of the plumule. In the 
cotyledon node it divides into two branches, the provascular bundle and the 
branch that enters the plumule, where it branches again to give rise to the 
provascular bundles of the coleoptile and of the primary :eaves. 

''Some authors regard the epiblast not as an independent morphological unit but as part of 
the scutellum (25). 

12 During germination, it acts as an organ for absorbing and conducting nutrient materials 
from the endosperm to the embryonic axis. Some authors regard it as a single cotyledon, while 
others cla:m that the cotyledon i!; formed by the scutellum and the coleoptile (26) and the epiblast [25). 

l}lt has been pointed out that in the wheat germ it facilitates the entry of water into the grain (27). 
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Figure 12. LongitUC:inal section of the f>?ithelium of the rice germ 

(Magnification l.350X) 

Flattened cells 
Endosperm 
Scutellum 
Epithelium 

Snurrr: Barber. Navarro and Torto~a [20). 
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Figuu 13. !>e1ail of a longitudinal section of d:~ rice germ, showing tile epidermis of the coleorhiza 
and the outer co•erings 

Key: 

(1) Aleurone layer 
(2) Coleorhiza 
(3) Cuticle 
(4) Epidermis 
(5) Pericarp 

(Magnification l.350X) 

Snuru: Barber. Pineda and Benedilo de Barber I I). 
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Figun 14. Detail of longitlldinal sections of tH ri~ genn. showing the c:onnec:ting zone (suspensor) 
Htwttn tH aleurone and coleorlliza 

(Magnification l.350X) 

. .f. Exp11nsio11 of tllr alraro11r layrr 

Souru: Barber, Navarro and Tonosa (20]. 

Key: 

( 1) Aleurone layer 
(2) Coleorhiza 
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Covering of the germ 

The germ is surrounded by the aleurone layer, the tcgmen or seed-coat and 
pericarp on the outside, and by the crushed cells of the endosperm on the inside. 

The monocellular aleurone layer undergoes profound changes in the 
vicinity of the germ. Its cells are more flattened (3-5 ;.im) than they are in the 
region of the endosperm (14-18 µm). The seed-coat14 appears as a continuous 
sheath, with no differentiation in the cell walls. It is thinner in the region of the 
germ (0.8-1.5 µm) than in that of the endosperm ( 1.5 to 2.3 µm). In the vicinity 
of the germ the pericarp is present as a mass of undifferentiated cells, with no 
protoplasm. In the region of the coleorhiza it forms a fold or crest, increasing 
the thickness of the pericarp (see figure 7). The sponginess of the pericarp is 
accentuated around the crest. As has already been seen in chapter I above, the 
germ is in contact with the endosperm through the layer of crushed cells (see 
figure 12). 

Histochemistry of the rice germ is 

Sugars, starch, hemicelluloses, cellulose, lignin, lipids, proteins, basic and 
sulphur-containing amino-acids, tryptophane and mineral ashes have all been 
identified by histochemical methods in rice germ [32, 2, 37], and phosphorus 
and magnesium and potassium have been found by electron microprobe X-ray 
analysis [21]. The reaction with ferric chloride-hydroxylamine, which is specific 
for pectic substances [28, 29, 30], and the alkaline hydrolysis method [36], 
followed by staining with PAS [5], gave negative results [32]. The reaction with 
phenosafranine reagent for silica [33] has also been negative. 

The sugars arc found in most of the germ cells; they appear to be absent in 
the pericarp and aleurone layer cells [ 4]. Glucose and sucrose have been found 
in the scutellum [34]. Carbohydratesi6 are mainly localized in the cell walls and 
sometimes in the cytoplasm (see figure 15). The range of distribution is 
common over the various histological regions, although there are some 
differences. In the embryonic axis, the intense staining of the calyptra, the 
cuticle covering the epidermis and, to a lesser extent, the cuticle surrounding 
the coleoptyle, stands out. In general, carbohydrates are not present in the 
cytoplasm of the cells, but in some preparations of the embryonic axis granules 
of starch have been detected. They are round and vary in size from 0.5-5 µm. 
They are unevenly distributed, being more numerous in the plumule and the 
coleoptyle than in the radicle. In addition, starch has been identified in the 
tissues surrounding the embryonic axis, where the granules are more numerous, 
in the scutellum and in the coleorhiza. In the tissues surrounding the embryonic 
axis, the staining of the cell walls with PAS is more intense in the epiblast and 

14This is a semipermeable membrane. Water has been shown to penetrate the endosperm of 
cereals more rapidly through the area around the germ, possibly because the tcgmcn is less thick in 
this area. 

"In the text, reference is made to the intensity of staining of certain histochemical 
preparations. Although this docs not specifically indicate the concentration of the chemical 
component, ii is nevertheless informative. 

'"Including carbohydrates that give a positive reaction to periodic acid-PAS (5, 6): starch, 
cellulose, hcmicclluloscs, pectic substances, glycoprotcins and glycolipids. The sugars and some 
lipids also give the PAS reaction (6], but most of these arc eliminated during the preparation of the 
sections. 
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(1) Coleoptile 
(2) Coleorhiza 
(3) Epiblast 
(4) Scutellum 
(5) Pericarp 
(6) Plumule 
(7) Radicle 

figure 15. Longitudinal section or the rice &HID 

(Magnification 88X; stain~ with PAS to identify carbohydrates) 

Snurr~: Barber, Navarro and Torlo~a (32). 
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coleorhiza than in the scutellum. No starch has been detected in the outer 
coverings of the germ and in the crushed cell layer; carbohydrates are found in 
the cell wall but not in the cytoplasm [2, 32]. In the cellular protoplasm of some 
preparations of germ, the presence has b~en noted of scattered material that 
stains with PAS [2]. 

Cellulose is found in the cell walls of all tissues of the germ. Basically it is 
found in the outer coverings, particularly the pericarp [9, 32, 35]. 

Using the Schiff reagent [36], lignin has been detected in the outermost 
layer of the pericarp (outer covering of the germ), but this result has not been 
confirmed [32] by using phloroglucinol and chloride sulphite stains [36]. 

Lipids are present in all tissues of the germ (see figure 15 and table 2) 
[23, 37]. In general, the hpids are found in the cytoplasm, in the form of 
globules [4, 9, 23, 37, 38, 39], also called fatty bodies [23], of various sizes 
(0.1-1 µm). The fatty bodies are not surrounded by a membrane, even though 
they have a thin electron-dense margin [23]. The distribution of the fatty bodies 
in the cells may be used as the basis for classifying them into categories [23]. In 
some cases the fatty bodies are dispersed in the cytoplasm (e.g. parenchymatous 
cells of the coleoptyle, cortex and epiblast), in others they are peripheral (e.g. 
epidermal cells of the scutellum and of the apical meristem). In the tissues of 
the embryonic axis the lipids are not distributed uniformly (see figures 16 and 
17). In the coleoptile the fat globules are more numerous than in the plumule, 
the hypocotyl or the radicle. The provascular bundles of the coleoptilc show 
little positive reaction to Sudan black staining. There are also differences in the 
radicle. In the tissues surrounding the embryonic axis, the scutellum is more 
plentiful than the coleorhiza and epiblast. In the outer coats of the germ, lipids 
abound in the alcuronc and in the cytoplasms, where they are found in the 
form of globules (see figure 18). When the seed-coat is stained with Sudan 
black, they are seen to be present in a coiltinuous layer. The µericarp and the 
layer of flattened cells show very little reaction to this reagent [37] (see figure 19). 

The proteins are found in most of the germ tissues (~ee table 2) [23, 37]. 
They are present in the cytoplasm, in the form of scattered discrete granules, 
and in the cell nucleus [37]. Protein bodies have been detected in practically all 
but the provascular tissues [23]. The cells of the scutellum contain protein 
particles 2-3 µm in diameter, which, because of their proteins and phosphorus, 
magnesium and potassium content, arc similar to the alcuronc granules in the 
alcurone layer [24]. The ultramicroscopic characteristics of the protein bodies 
vary depending on the type of tissue involved. On the basis of these diff crenccs 
and the distribution of the fatty bodies, three categories of parcnchymatous 
cells have been identified [23]: (a) cells with electron-dense inclusions in the 
protein bodies and numerous fatty bodies dispersed through the cytoplasm (e.g. 
the parcnchymatous cells of the scutcllum); (b) cells with protein bodies with or 
without electron-dense inclusions and peripheral fatty bodies (e.g. epidermal 
cells, e:.ccpt the apical mcristcm); and (c) cells without protein bodies and 
peripheral fatty bodies (e.g. cells of the provascular system of the plumulc and 
radicle). 

In the embryonic axis, staining with mercuric chloride-brornophcnol blue 
( 12] is more intense in the colcoptile and in the radicle than in the plumulc (sec 
fit,urc 20). The nucleus stains more strongly than the cytoplasm. In the tissues 
surrounding the embryonic axis, the proteins arc present mainly in the form of 
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Figurr 16. Loagitadiaal Stttion of the rice gcnn 

(Magnifica1ion 90X; slaincd wiih Sudan black lo idcn1ify lipids) 
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Figun 17. T ransnrse section of lhe embryonic axis of lbe rice germ 

IMagnificalion 170X; slained wilh Sudan black lo idenlify lipids) 

Sourre: Barber, Navarro and Torlo5a [37). 
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Figure 18. Outer conrings of the rice germ 

(Magnification l.350X; stained with Sudan black to i .. cntify lipids) 
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Figure 19. Longitudinal section of the rice germ, showing the outer coYerings 

(Magnification l.350X; stained with Sudan black to identify lipids) 

( 1) Aleurone 
(2) Pericarp 
(3) Teqmen 

Snuru· Barber, Navarro and TortMa [37). 
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Figure 20. Longitudinal section of the rice germ 

(Magnification 40X; stained with mercuric chloride-bromophenol blue to identify proteins) 
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discrete granules measuring 0.5-2 µm. The staining is more intense in the outer 
epidermis of the epiblast and coleorhiza. The provascular bundles show only a 
very faint stain, and cuticles do not stair. at all [37]. Unlike the aleurone 
surrounding the endosperm, which contains proteins in the form of discrete 
granules [41, 42], the aleurone cells in the outer covering of the germ, containing 
dispersed proteins but no discrete granules, appear stained [37, 41]. 

It has been found [37] that all the germ tissues that contain proteins can be 
stained with naphthol yellow S [ 43], which stains lysine, hydroxylysinc, 
histidine, arginine and terminal amino groups, with 2,2' -dihydroxy-6,6' -
dinaphthyl-disulphide (ODD) and diazo blue B [44] which stain the sulphur
containing amino-acids, and with DMAB-nitrite [45], which is specific for 
tryptophan. 

Inorganic materials (residual ash on ignition) are present in almost all the 
germ tissues (see figure 21). In general they are found in the cytoplasm and, in 
the case of the pericarp, in the cell walls. In the embryonic axis they are more 
numerous in the plumule and in the radicle than in the coleoptile, in the 
plumule they are distributed uniformly and in the radicle they are concentrated 
in the central cylinder; they are present in the cuticle covering the epidermis. In 
the scutellum, inorganic materials are abundant, particularly close to the 
endosperm [37]. The protein particles of the scutellum contain a high 
proportion of magnesium and potassium salts of phytic acid [24]. 

Fibres 

The fibres originate in the nodes at the base of the particle. Although rare, 
they are conspicuous owing to their great length, which in some cases exceeds 
1 cm. They are banded and twisted and exhibit no defined cellular structure; in 
the fragments identified, two thin walls have been observed with an 
intermediate and empty cavity some 30 µm wide. Like the fibres in the nerves of 
the glumes, they give a positive reaction to the PAS stain for carbohydrates. It 
has not been possible to identify proteins, lipids or silica, since they do not 
stain with the corresponding histochemical reagents [2]. 

Compound discrete particles in commercial bran 

The following compound particles have been detected in commercial bran: 
(a) fragments of the pericarp with the seed coat; (b) fragments of the seed-coat 
with the aleurone layer; (c) fragments of the pericarp, seed-coat and aleurone 
layer; (d) fragments of the pericarp, seed-coat, aleurone layer and starchy 
endosperm; (e) fragments of the starchy endosperm and aleurone layer; 
(f) fragment~ of the germ and starchy endosperm; and (g) fragments of tlte 
germ, aleurone, seed-coat and pericarp. 

Fragments of the pericarp with the seed-coat 

This is one of the more common types of particle in commercial bran (see 
figure 22), forming what some authors refer to as "true bran" [46]. 
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Figure 21. Longitudinal section of the rice germ 

(Magnification 90>--; micro-incinerated and photographed against a dark field) 

Souru: Navarro [ 40]. 
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Figure 22. Section of a compound particle in commercial rice bran 

(Magnification 470X) 
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Source: Barber. Pineda and Benedito de Barber (I). 
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The fragments are in the form of twisted or coiled flakes with a smooth 
and lustrous outer face (free surface of the pericarp) and a rough interior. They 
are generally elongated and of different sizes (mostly measuring around 
300 µm). The tissues are usually compressed, ranging in thickness from IO to 
15 µm; sometimes larger particles are found, particularly when the tissues are 
more spongy. This sponginess is particularly noticeable in the vicinity of the 
crest. As with the particles of the pericarp alone, the cells of the spongy 
parenchyma of the hypodermis are difficult to distinguish, but in some particles 
of flattened structure they can be readily discerned. The cross or transverse cells 
are also visible [2]. The histological characteristics of the pericarp have been 
described in chapter I above. In particles of commercial bran, the seed-coat and 
cuticle are combined, together with residues of the nucellus; some sections of 
the seed-coat may be interrupted. The pericarp and seed-coat are tightly joined 
along their whole length. In some particles, the seed-coat is accompanied only 
by the cuticle [2]. 

The histochemical characteristics of the pericarp have already been 
described. The seed-coat, with the exception of the cuticle, stains with the PAS 
reagent for carbohydrates and reacts positively with the Hg-BPB reagent for 
proteins. The lumen does not stain [I]. Cellulose is the main component of the 
cell walls [9]. The cuticle stains intensely with Sudan black [I]. It has been 
suggested by Little and Dawson [9] and Esau [47] that its main component is 
suberin. The remains of the internal tegument and the nucellus stain very little 
[I]; the cell walls of the internal tegument are cutinized [14]. The tegument and 
nucellus contain lignin. No silica has been detected in the pericarp or in the 
seed-coat [2]. 

Fragments of the seed-coat with the aleurone layer 

Fragments of the seed-coat with the aleurone layer are not very common 
in commercial bran. Only particles with a single layer of aleurone cells have 
been found. Usually neither the seed-coat nor its constituent layers becomes 
detached during milling. Although botanically the aleurone layer is part of the 
endosperm, the fragments of the aleurone that separate during processing are 
more often found with the seed-coat than with the endosperm (see table I). The 
size of the fragments varies between I 00 and 300 µm in length and 15 and 20 µm 
in width. The layer formed by the seed-coat measures 6 µm and that formed by 
the aleurone up to IO µm [2]. The histology of both layers has been described in 
chapter I above. 

The histochemistry of the seed-coat and seed-coat layer and the portion of 
the aleurone of the endosperm, carbohydrates, proteins, lipids, lignin, vitamins 
and inorganic materials have been identified. The carbohydrates are localized 
in the cell walls and in the cytoplasm. In the latter, grains of starch have been 
found measuring up to almost 5 µm. 

Although some author~ claim that no starch is present in the aleurone [ 4, 
11), it has been mentioned that starch granules may be found in the aleurone 
cells of mature grains [ 19]. The walls of the aleurone cells give a positive 
reaction for cellulose and for hemicelluloses or pectins when they are stained 
with zinc iodochloride and ruthenium red respectively [9]. Proteins, stained 
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with the Hg-BPB reagent, are present in granular form and in dispersed form in 
the protoplasm. Proteins are also present in the form of a thin film around the 
cell wall [23). Staining with ferric ferricyanide for proteins also gives positive 
results for the aleurone cell walls [9]. The cellular nucleus is difficult to identify 
[2, 17). The distribution of aleurone granules is not uniform [9]: the lumen in 
the dorsal region of the caryopsis is largely composed of aleurone granules, 
whilst other cells have a large number of starch granules and, in particular, fat 
globules [23). It has been known for some time that fat globules are present in 
the aleurone t:ells [4). A thin fatty film surrounds the aleurone granules [9]. 

Other types of compound particles 

The information on compound particles of types 3 to 7 given in table 
may be summarized as follows (see also figure 23). Particles of type 3 consist of 
the pericarp, seed-coat and aleurone. It has been shown that separation from 
the grain during processing takes place more easily from the ventral side than 
from the dorsal side [14). The size of the particles varies between 130 X 50 µm 
and 560 x 105 µm. Most of them have one or two layers of aleurone cells. 
although few have from five to seven layers [2]. This is probably because the 
Japonica varieties have one or two layers of cells in the ventral side of the 
aleurone and from five to seven layers on the dorsal side [14) and also be.:ause 
of the difference in resistance to abrasion of the two sides of the 1~rain. 
Although in some particles the surface aleurone cells are broken, the su;f ace 
and interior cells generally remain intact. There are particles in which :he 
cuticle of the seed-coat appears to be broken. 

The type-4 particles are not verf numerous; they consist of the pericarp, 
seed-coat, aleurone and starchy endosperm and are usually larger than other 
particles, ranging in size from 400 x 260 pm to 735 x 200 pm. They are of 
irregular shape. The external cells of the starchy endosperm are, for the most 
part, broken. The type-5 particles, which are not very numerous, consist of 
starchy endosperm and aleurone. Usually they are round and relatively small 
(less than 95 x 60 µm). The type-6 particles consist of starchy endosperm and 
germ. In addition to whole germ, to which a number of flattened endosperm 
cells are attached, they also include fragments of germ with different layers of 
adhering endosperm cells. As a rule, however, the germ is the major 
component. The particles are usually large (ranging from 690 X 320 µm to 
410 x 225 pm). The type-7 particles consist of germ, aleurone, seed-coat and 
perkarp and are rare in commercial bran from which the germ has been 
removed. They are abundant in bran that contains the germ since the latter 
detaches itself from the caryopsis with the various coverings mentioned. 
Particles which have the same composition but contain only a fragment of germ 
may also be found, the proportion depending on the type of rice and the 
milling process. The latter cype of particle is seldom found in commercial bran 
of the Japonica varieties from Spanish mills. When thl'!y do occur, they consist 
mainly of epiblast or coleorhiza, together with fragments of the germ-co"t. 

The histological and histochemical characteristics of the tissues present in 
the various types of particle referred to here are the same as those described in 
earlier sections. 
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Figure 23. Histological preparation of commercial rice bran, showing various compound particles 
iMagnification 220X; stained with PAS to identify carbohydrates) .. ,. ' . , .. 
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IV. Controlling the production of rice bran 

Control of processing 

Under industrial conditions the quantity of bran recovered from the rice 
during processing varies, in the main, from 4 to 11 per cent by weight for rough 
rice and from 5 to 13.5 per cent by weight for brown rice (see table I). The 
proportion varies from country to country and from market to market, as well 

TABLE I. AMOUNT OF BRAN REMOVED FROM RICE DURING MILLING. BY 
COUNTRIES 

Country 

Colombia 

Costa Rica 
Egypt 
Spain 

Philippines 
Guatemala 
India 

Indonesia 
Iran (Islamic Republic oO 
Japan 
Republic of Korea 

Liberia 
Malaysia 

Mozambique 
Pakistan 

Sri Lanka 

Thailand6 

United States of America 
Venezuela 

Grams of bran 
per 100 grams 
of rough rice 

8 
8-10 
9 
8 

7-13 
7.4-11.1 

7 
10 
4-6 

4.5-8.5 
4 

3-40 
4 

7-10 
7 
7 

8.7-10.8 
4-6 
4-5 

5.45-13 
10.5 

4 
6-7 
10 
4 

3.5 
7 

9.7 
11.5 

Ospina [2] 
Jaramillo [3] 

Sour a 

Vargas and Murillo [4) 
Saunders and others [5] 
Rivero [6] 
Barber and Benedito de Barber [7] 
Reddy, Gariboldi and Joko [8] 
Elias and Bressant [9] 
Brown [10) 
Chakrabarty, Bhattacharya and Vaidyanathan [11) 
Reddy. Garibaldi and Joko [8] 
Raghvendra Rao, Narayana and Desikachar [ 12] 
Reddy. Gariboldi and Joko [8) 
Kachru and Eghtedari [ 13) 
Reddy. Garibaldi and Joko [8] 
Reddy, Garibaldi and Joko [8] 
Kwon and Jo [14] 
Saunders and others [5] 
Arnott and Lim [15) 
Van[l6] 
Berberan [ 17) 
Reddy, Garibaldi and Joko [8] 
Maqsood Ali, Abdul Haq and Hameed Khan [18) 
Khan [19) 
Reddy, Garibaldi and Joko [8) 
Private communication from industry 
Reddy, Garibaldi and Joko [8] 
Hunnell and Nowlin [20) 
Guerra and Jaffe [21] 

ausually when rice is milled for the G.;vernment. 

bA study carried out in more than llO mills in Thailand gave the following results: (a) bran from brown 
nce·-2.86 per cent on the paddy rice, varying from l.9S to 3.87 per c:en1; (b) white bran-7.19 per c:enl on 1he 
paddy rice, varying from S.08 10 9.16 per c:en1 [I). 

/]] 
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as in other ways. 1 Parboiled rice requires less processing than crude rice and the 
amount of bran does not usually exceed 6 per cent. The proportion of bran 
produced at the mill from rough rice does not usually represent the true 
proportion of bran separated from the caryopsis, since the bran may contain 
crushed husk (e.g. huller mills or inefficient paddy separators) or fragments of 
endosperm (especially when grain breakage is high). Nevertheless, the pro
portion of bran produced from rough rice is important to th.! miller for cost
benefit calculation. But the processing also has to be assessed in terms of its 
effect on the grain itself and on the quality of the by-products. Only in this way 
can the milling process be understood and evaluated, possible improvements 
be decided upon and the end-products -white rice and bran-given due 
recognition. Despite the many alternatives available, it has usually been the 
practice to judge the effects of milling by the quantity of residual bran in the 
milled grain, using direct visual observation. This is undoubtedly a very 
inadequate way of assessing the performance of machinery and the behaviour 
of the grain. Other things have to be monitored. Direct observation of the bran, 
for example, just at the whitener outlet, provides some very useful infor
mation. 2 It should be made clear that the milling process does not always work 
in the same way, or in the way the miller would like it to. The amount of bran 
removed is not always the same; the layers of cell tissue removed can be from 
different depths and the area of the grain from which it is taken may also vary 
in size and location. The end-product is a rather heterogeneous mixture of 
grain particles. 

Methods for measuring the degree of milling of rice 

The essential purpose of milling is to release the starchy endosperm from 
the other fractions enclosing it-including the germ3-in order to improve the 
appearance and eating qualities of the grain. In countries where rice is a staple 
food, the operation must be carried out with as little loss of nutrients as 
possible. A longer milling time means that there will be more bran and tailings, 
which are worth less than the full grain, so a means must be found of 
eliminating unnecessary by-products while still meeting the primary require
ments of appearance and palatability. Another important, though less obvious, 
objective is that the removal of the outer layers of the caryopsis ~hould be 
homogeneous both in each single grain and among individual kernels; this not 
only affects the appearance of the end-product but has a direct bearing on its 
keeping qualities [22]. Fortunately, none of these requirements conflicts with 
the one final objective, which has so far been largely ignored, namely the 
production of high-quality bran. 

1 A study carried out in Thailand [I), in which the yields of the different fractions from 80 
mills throughout the country were compared, showed that the main causes of variation in yield 
were: (a) the quality of the paddy rice; (hJ the size, type and general condition of the mill; (c) the 
degree of processing or the pattern of processing; and (d) other factors such as environmental 
conditions and the method of production control used. 

2lt is sufficient to press a small amount of bran between the palms of the hands in order to 
reveal defects that would not otherwise be noticed-for example, broken and even whole grains 
that have passed through damaged screens, fragments of foreign seeds that arc present because of 
inadequate cleaning, puticles of emery caused by wear etc. 

'A special process leaves the white milled rice grain with the germ attached to increase its 
nutritive value. 
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Many methods have been devised to determine the degree of milling of 
rice, and several attempts have been made to bring the information on the topic 
up to date [23, 24, 25]. The various methods in use can be grouped as follows: 
(a) procedures for ascertaining the quantity of separated or residual bran; and 
(b) procedures for evaluating the effects of milling on the basis of changes in 
the chemical composition or optical properties of the end-product. 

Methods for estimating removed bran or residual bran 

Both in the mill and in the laboratory it is standard practice to measure the 
percentage by weight of rice (rough rice or brown rice) that has been separated 
as bran; brown rice is usually used, in order to avoid errors caused by the 
varying husk content of rough rice. There are, however, a number of snags. For 
example, a representative sample of paddy or brown rice must be available, and 
the processing conditions have to be identical if the results are to be 
reproducible and readily comparable. Unless these conditions are me: equal 
quantities of bran will not necessarily show the same degree of whiteness. 
nutritive value, eating qualities or keeping qualities. 

There are several alternative methods for estimating the residual bran. 
These include: (a) visual inspection of the bran, either directly or by means of 
optical instruments; (b) visual assessment of the residual bran by prior staining 
of the rice grains to distinguish the bran from the starchy endosperm; and 
(c) colorimetry, using bound stains or developed pigment colours in situ or 
after extraction from the grain. 

The most usual method is to make simple visual comparisons, sometimes 
with the aid of a magnifying glass, against standard samples. Unfortunately. 
differential staining is only used in the laboratory. The following stains have 
been tried: indigo carmine and fuchsin [26]; Congo red and methylene blue 
[27]; Sudan III [28]; iodine [29]; eosin and methylene blue as the May
Grtinwald reage.lt [30]; and an alkaline alcohol solution [27. 3 l ]. The results 
can only be interpreted subjectively and a comparison of samples of different 
types of rice is difficult. They are, however, much more reliable than those 
obtained when undyed grains are inspected, since staining shows up differences 
that could not otherwise be detected. 

The eosin and methylene blue reagent (May-Grunwald reagent) [30] stain 
the outer layer of the bran green, the inner layer of the bran blue and the 
starchy endosperm pink. Standard reference patterns for different degrees of 
milling are needed, and th1: evaluation is subjective, but it does make the 
anatomical layers of the grain stand out from one another very vividly and is 
very useful. Staining with the May-Grunwald reagent has been used as a 
preliminary step in the preparation of the grain in the development of an 
objective method for measuring the degree of milling [24]. The stained 
areas-green or blue for the bran and pink for the starchy endosperm-are 
measured with a planimeter on magnified plane images. The degree of milling is 
expressed as the proportion of the area of the grain still covered by bran, or 
coloured bran balance (CBB) index. The values of the CBB index vary from 
100 for brown rice to 0 for fully milled rice (see figure 1 ). Samples of well
milled rice yield values of around 5. The method provides an objective and very 
precise measure of the degree of milling, and is particularly significant in that 
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for the first time an ev<!luatioil of the homogeneity of the milling effects on the 
rice kernel is possible. It has been used in various laboratories. but although its 
advantages in terms of accuracy and evaluation of homogeneity are acknow
ledged. there is general agreement that it is too sophisticated and time
consuming and needs to be improved. 

The solvent extraction of bound stains or developed pigment colours [27, 
31] depends on the availability of representative samples of the original paddy 
or brown rices and. despite its simplicity. is possibly still too complex a pro-.;ess 
for routine use by millers. 

Methods based on the effects of bran remm·al on the chemical 
composition or optical properties of the milled rice grain 

The anatomical layers of rice differ in their chemical composition: most 
constituents show a gradient of decreasing concentration (or initially in
creasing. then decreasing. concentration) from the outer to the inner layers of 
the caryopsis. There are numerous methods of evaluation that use the 
progressive decrease in the concentration cf one constituent as the milling 
proceeds. The various constituents considered in this connection are: fat [27. 
32, 33]; ash [34] and soluble minerals [35]: silica and crude fibre [12]; proteins 
[36]; phytin [37] and phytinic phosphorus [38]: and thiamine [37]. All these 
methods require careful execution and probably more time than a mill can 
spare on a routine basis. Some of them, for ex.ample those using fat [39] and 
soluble minerals [35], have been greatly simplified. Nevertheless, ali of them 
have one basic disadvantage: to be of general validity, the concentration of the 
constituent employed or the ratio of its concentration in brown rice to that in 
milled rice would have to be relatively constant for all varieties of rice and in all 
lots. This is not, however. the case. Furthermore, the processes that are capable 
of altering the distribution of constituents within the grain (parboiling, for 
example) limit their own validity. Lastly, the same measurement is obtained 
over a relatively wide range of the milling process (see figure 2). 

Methods based on the grain's optical properties make use of reflectance 
and transmittance in the visible part of the spectrum [26. 38. 40, 41, 42]. 
Because of the effect of colour and of the crystalline structure of the rice itself, 
which differs from one variety to another, on the readings obtained, these 
methods cannot be widely used. To avoid this problem it has been proposed 
that the readings should be taken on two different wavelengths: 600 nm (far 
red) and 850 nm (r1ear infra-red) [ 44]. The readings are, however, influenced by 
the humidity, the presence of abnormal grains and the age of the processed rice. 

Control of bran production 

The methods described above provide a means of monitoring industrial 
milling step by step in order to produce high quality rice and bran with 
optimum yields. It might also be useful to carry out laboratory tests to 
evaluate the behaviour of a particular variety or lot of rice during the milling 
process, in order to predict the quantity of bran that would be produced in 
industrial processing and the ease with which the germ could be separated, or 
to study the properties of the bran thus obtained. In this case the following 
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Figure 2. Variation in the surface fat content of rice milled in different whitening machines, 
expressed as a function of the degree of milling 

1.2 
Key: 

(1) McGill metal whitening machine ( ) 
(2) Satake metal whitening machine (•) 

1.0 (3) Satake emery whitening machine (.C:.) 
(4) Minghetti emery whitening machine (.a,.) 
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Source: Shams-ud-Din and Bhattacharya [43). 

factors would have to be taken into account: (a) the previous history of the rice 
lot; (b) the type of experimental mill to be used; and (c) the conditions under 
which the milling is carried out. The sample of rice to be tested, which has to be 
representative of the lot as a whole, must be completely freed of foreign matter, 
following standard procedures [ 45]. The moisture content of the rice must also 
be appropriate. If it is too low (less than 12 per cent, wet basis), the rice will 
tend to break too much and the bran will be adversely affected. The samples 
must be tested at the moisture content recommended for industrial milling, 
roughly 13 per cent. Once the sample has been prepared, a suitable 
experimental mill must be chosen, which might simulate better the conditions 
under which the rice in question will be processed. In this connection it should 
be remembered that various designs and working methods are available [45], 
differing in: (a) the number of stages in processing, namely husking and 
whitening in a single step, using a single machine, or in two different steps, 
using two devices; (b) the method of feeding the nee, either in batches, in a 
continuous stream, or using a combination of a continuous-feed sheller with a 
batch whitener; and (c) the method of milling, using either an abrasion-type 
whitener or a friction whitener. There are many laboratory mills using rubber
roll shellers, but few simulate the conditions produced by under-runner disc 
huller. 
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Control of hulling 

It has been mentioned elsewhere that the husk is easily removed from the 
caryopsis by compressing the grain between its end-points (under-runner disc 
sheller) or on its sides by imparting a sort of shearing motion (rubber-roll 
sheller). But despite the ease with which the l~mma and the palea can be 
opened and separated, the risk of damage to the caryopsis is high. In industrial 
practice, the outer layers of the grain are abraded or damaged and the germ, to 
a greater or lesser extent, is torn out. The outcome is that, if the brown rice is 
not whitened immediately (for example, if it has to be transported), it 
deteriorates. As a consequence of damage of the outer layer tissues, the enzyme 
lipase acts on the lipids, hydrolysing them, while oxygen, in conjunct\on with 
other enzymes such as lipoxygenase, oxidizes them. Apart from the loss of 
quality in the basic product, the bran produced when brown rice is milled will 
have a very high aciditi level, even immediately after milling. Removal of the 
germ during hulling also has an adverse effect on the quality of the bran. 
Abrasion and germ separation at t:he hulling stage can represent a weight loss 
of between 1.5 and 2 per cent of the grain. 

Staining with the May-Grunwald reagent as described in detail by F AO 
[30] provides a simple and rapid means of detecting the effects of hulling [7], 
so that the settings and operating conditions of the machine may be corrected 
while it is running. The caryopsis shows as green, if it has not been damaged at 
all, or as blue where the outer layers of the bran have been damaged. Ti.1e germ 
also shows as blue if it has become fragmented. A pink colour is visible where 
the starchy endosperm has been laid bare by removal of all the layers of bran 
or germ. The caryopsis is always damaged when disc shellers are used, but 
machines can be adjusted to reduce damage to a minimum, while maintaining 
an industrially acceptable level of efficiency. With rubber-roll shellers, damage 
can be avoided and the brown rice will have excellent keeping qualities.

4 

However, this type of huller, because of wear on the rollers, is frequently 
operated under less than optimal conditions. In any event, the caryopsis 
sustains a proportionate amount of damage. Staining with indigo carmine or 
fuchsin [26] has also given good results in assessing damage. Indigo colours the 
bran red, while the germ is coloured yellow when it is undamaged but red if 
even only a little of it has been separated from the bran. Using this method, it 
was possible to detect IO per cent of the grains with damaged germ in a sample 
from the Bluebonnet variety and 27 per cent or more in the Zenith variety when 
a stone disc huller was used; practically no change was seen when a McGill 
rubber-roll sheller was used. 

Control of whitening 

Srirangarajan and others (.+7] have studied the variations in the amount of 
residual bran in individual grains of rice at various successive stages in the 
whitening process, using a commercial abrasion cone. They used a variety with 
a red pericarp. From each individual grain of seven samples of 50 grains taken 
from each of the seven stages into which the whitening process was subdivided, 

'Houston, McComb and Kester [46] have shown that brown rice from rubber-roll shellers 
keeps better than brown rice from disc shellers. Before the introduction of rubber-roll machines in 

India, rice would not keep even for two months. 
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they made an extract using 3 ml of boiling 2-per-cent sodium bicarbonate for 
20 minutes; the extract from each grain. made up to 3 ml and filtered, was 
measured by a colorimeter and the readings normalized for an average weight 
of 25 mg to make them comparable. The data (see figure 3) revealed a wide 
disparity in the amount of bran recovered from each individual grain at every 
stage in the whitening process. 

Tests. based on the CBB index, of varieties with a normal (uncoloured) 
pericarp also showed a clear lack of uniformity in the degree of milling among 
grains of the same batch at the same stage in the whitening process. This 
means. of course. that a high percentage of grains of the same degree of milling 
will be found in samples taken from different stages in that process [24] (see 
figure 4). Two important conclusions may be drawn from the results of these 
tests. First, even in the first two cones (out of a total of five), there will be a 
high percentage of grains that have lost over three quarters of their bran 
content. while in successive cones there will also be a loss of starchy 
endosperm, so that a less oil-rich constituent is incorporated into the by
product. Secondly, this lack of uniformity at the same stage of whitening varies 

Figure 3. Histograms of the intensity of pigmentation of residual bran in indMdual 
rice grains. at different degrees of milling 
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markedly from one mill to another, depending on the conditions under which 
the grains are processed, the variety of rice involved and other circumstances. 
In general. the degree to which the bran is contaminated by starchy endosperm 
is directly related to the lack of uniformity at each stage of the whitening 
process. 

Rice bran. rice bran fractions and related by-products: 
terminology and definitions 

Bran is a by-product resulting from the processing of rice. Even though the 
process, which consists in removing certain outer layers of the caryopsis, is 
basically the same in all cases. it can be carried out in a number of ways, some 
of which have a vital bearing on the characteristics of the end-product. The 
bran thus produced may have quite different properties; therefore their 
particular identity should be differentiated '.\nd maintained. The variety of 
products is, however' sometimes accompanied by a profusion of terms used to 
designate one single product which creates great confusion. particularly at 
international level. and has serious implications for anyone consulting a 
specialized bibliography. For instance, the data published on .. commercial 
bran" from Spanish mills cannot always be properly interpreted outside Spain, 
since the germ is separated from the industrial product before it leaves the mill. 
In any case, no mill. no matter how perfect, can separate pre-fixed cell layers of 
the grain. This makes it difficult to establish rigid definitions for the various 
milling products, and means that more or less arbitrary classifications must be 
used. Table 2 summarizes the most important or usual designations for bran, 
bran fractions and related by-products, all of which are defined in the following 
paragraphs. 

TABLE 2. TYPES OF BRAN AND FRACTIONS: CONSTITUENTS AND ENGLISH AND 
SPANISH TERMINOLOGY 

Product 

Hulling bran-from disc huller 
(salvado de descascarilladora 
de piedra)0 

Bran (salvado) 
Bran with germ removed 

(salvado desgerminado) 
Germ (germen) 
White bran (harina cilindro/' 
Polish (harina de pulidora) 
Bran from huller·typc mill 

(salvado de molino "huller")c 
True bran (salvado verdadero) 

Peticarp. S1arch1· 
te.rcmen. endo-. 

Husk .tud coat Afeurone sperm 

+ + 0 tr 
x + + + 

x + + + 
x tr 0 
x tr + + 
x + + 

+ 0 0 0 

+ 

Germ /mpuritie.t 

+ x 
+ x 

0 x 
+ x 
tr x 

x 

0 x 

Note: + Major constituent. o Minor constituent. tr Trace. x Proportion varies depending on the type 
of rice used. the milling procedure etc. 

0 Bran from rubber-roll hullers consist.' principally of husk and impurities. 

h Also called polish or polishing.' from whiteners. 

cone stage huller-mill. 

' 
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Figurr 4. Uniformity of tbr milling of ricr at thr rad of sucassi.·r stages in thr whitrnin2 procns 
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Bran from the hullerss 

Bran from the huller. called husking bran or hulling bran. is the bran 
obtained when removing the husk from paddy rice. It can be produced from 
hullers with abrasive discs or rubber rollers. When the former are used. the 
bran is largely made up of fragments of husk. pericarp and germ; it also 
includes a small proponion of tegmen. aleurone and traces of starchy 
endosperm. and contains a great many impurities. The bran produced from 
rubber-roll huilers consists essentially of fragments of husk and impurities. with 
a very small proponion of pericarp. These bran fractions are usually mixed 
with the bran from whiteners (see later) to make them commercially acceptable. 
Other names used include .. dehusking bran" (sa/vado de descascarado) [48]. In 
certain pans of Mexico this is called simply .. bran" (salvado). to distinguish it 
from the by-product obtained form the whitening process. which is called 
••polishings" or ··polisher flour" (puliduras or harina de pulido). 

Bran 

Bran is the by-product obtained by removing the outer layers from brown 
rice to whiten the kernel. It consists mostly of pericarp. tegmen. aleurone. 
whole germ and crushed germ and starchy endosperm. in the form of dust and 
small fragments; it includes varying amounts of scraps of husk and impurities. 
When the term is used to distinguish ••bran" from ··white bran". it refers to 
the by-product obtained in the first (undefined) stages of whitening.6 In 
practice. the demand for white bran is usually much lower than the actual 
production and in many countries it is not even marketed. As a result. white 
bran and bran are usually mixed in the proportions in which they were 
produced, being offered commercially as a single by-product under the general 
term .. bran". Other names used in Spanish are: afrecho (another synonym for 
bran) [ 48]; puliduras and pulido de arroz in Mexico; po/vi/lo in Peru; pob:o de 
arroz in Cuba; harina de pu/imento in Colombia; and semolina de arro: in Costa 
Rica; in the Philippines the terms darak and rikitiki are used. 

Bran with germ removed 

Bran with the germ removed is a bran from which the whole germ and 
some of the fragments of non-powdery endosperm have been extracted by 
sieving and suction. It always contains some of the smaller whole germ and 
some crushed germ. 

Germ 

This by-product is the germ of the rice, detached and removed in the 
milling process as part of the bran from which it is separated later. It is mostly 
whole, although it can include some crushed germ; it also contains fragments of 
starchy endosperm (generally between 15 and 30 per cent b) weight) and some 
husk and impurities. Other terms used are .. embryo" and, in Spain, morret. 

1Machines used to remove the husk from the paddy grain are known by different names: 
hullers. huskers, dehuskers, shellers, hulling mills. 

'Defined by FAO as "a by-product of rice milling, consisting of the outer bran layers of the 
grain together with part of the germ". 
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White bran7 

White bran is the by-product obtained in the last stages of whitening. It 
is a whitish, floury material, soft to the touch, somewhat fibrous, mostly 
consisting of starchy endosperm and aleurone, with the remains of pericarp, 
tegmen and crushed germ. It contains very little, if any, husk or impurities. It is 
usually sold mixed with bran (see above). Other names used are cilindro (in 
Spanish) and polish or polishings (from whiteners). 

White bran from various whitening machines can be differentiated by 
indicating the number of the whitening stage-fourth cone, for example. The 
term in English is .. rice polish" or .. polishings", though the :atter term also 
includes the by-product from the brushing machine (see below). 

Polishings' 

Polishings are produced exclusively by a polishing device made of leather 
or some similar material (see above). For all practical purposes, it contains only 
starchy endosperm and aleurone; husk residue and impurities are usually 
absent. 

Bran from the huller-mill 

Bran from a single-stage huller mill consists of a mix•ure of husk crushed 
with particles from all the outer layers (including the germ) and starchy 
endosperm. It contains a large number of small finings and impurities. It is 
known as kiskis in the Philippines [50). 

Using graduated screens, this product can be sieved to produce two 
fractions: coarse bran and fine bran. In the former, the larger fragments of 
husk predominate. In any case, the mix of the components varies not only 
according to the mill and type of rice used but also to the fineness and 
efficiency of the final sieving. 

True bran 

.. True bran" is a term used by certain authors to decribe the bran fraction 
consisting of the pericarp lc..yers, tegmen and seed covering. It is not obtainable 
industrially. 

Other fractions 

The cooling air of the whitening machines carries away particles of bran 
that can be recovered, generally using a cyclone. The composition of the flour 
from the cyclone is very variable. It depends on the streams involved and the 
number and type of machines producing them. 

Factors determining the properties of bran 

No whitening machine is able to separate consecutively the distinct 
structural layers of the outer part of the caryopsis in all the grams at once. One 

'Defined by F AO a:. "a b)'·product of rice milling, consisting of the inner bran layers 
together with pa~t of the germ and a small proportion of the starchy interior". 

•The machine u§ed is also called a "brushing" machine (49). In certain countries, whitening 
machines are called "polishers", and this leads to some confusion in the naming of by-products. 
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reason is that whitening is an operation in which the grains do not come into 
uniform contact with the abrading surface and are not all subjected to the same 
amount of rubbing action. Other reasons lie in the grain itself. From one 
variety to another and even within a single lot, the rice grains differ 
substantially from each other in their anatomical, physical and chemical 
characteristics. Some of these overlap, and in the combined result it is hard to 
determine the influence of the various constituents. It therefore seems advisable 
to make a detailed and methodical analysis of all the factors that affect the 
properties of industrially produced bran. To this end, they are classified into: 
(a) rice-related factors; and (b) factors related to the milling process. Both 
groups can be further subdivided as follows: 

A. Rice-related factors 

I. Anatomo-morphological 

(a) Size and shape of the grain 
(b) Anatomical layers 

2. Mechanical 

(a) Resistance of che grain to abrasion and friction 
(b) Resistance of the grain to breakage 
(c) Ease of separation of the germ 

3. Chemical 

(a) Average chemical composition 
(b) Distribution of constituents 
(c) Defective grains 

4. Soundness 

(a) Physical contaminants 
(b) Chemical contaminants 
(c) Biological contaminants 

I. Preliminary operations 

(a) Cleaning 
(h) Grading 

l.. Milling stages 

B. Process-related factors 

Single-stage versus multi-stage 

3. Machinery and operational conditions 

(a) Hullers 
(b) Paddy separators 
(c) Destoners 
(d) Whitening machines 
(e) Grading machines 

The groups and subgroups are discussed in detail below. 
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Rice-related factors 

Anatomo-morp!rological features of the grain 

It is possible to distinguish: (a) the size and shape of the grain; and (b) the 
dimensions of the anatomical layers. 

Size and shape 
The size (length), shape (ratio of length to width) and weight of a grain of 

brown rice varies substantially from one commercial variety to another (see 
table 3). The maximum and minimum values-length 5.4-7.5 mm, ratio of 
length to width 1.8 to 3.6 and weight 16-24 mg for rice varieties from the 
United States [51]-reveal a wide range both in the sphericity index and the 
ratio of surf ace area to weight, bearing in mind the fact that the varieties with 
the longest grains weigh the least. Assuming that all the other properties are 
equal (thickness of the bran layer, size of the germ etc.), the least spherical 
grains and those with the greatest surface to weight ratio should produce the 
greatest quantity of bran. It seems that no study has been made to date of the 
effects of these factors. A wide range of grain lengths for paddy rice will reduce 
the efficiency of the huller and if there is no paddy separator, or if there is one 
but it does not work efficiently, a considerable proportion of rough rice will be 
present when the whitening process begins. 

TABLE 3. SIZE. SHAPE AND WEIGHT OF COMMERCIAL 
BROWN RICE GRAINS FROM THE UNITED STATES OF 

AMERICA 

T.rpe of grain 

Long 
Medium 
Short 

Source: Webb [SI). 

Average 
length 

(millimetres) 

7.0-7.5 
5.9-6.1 
5.4-5.5 

Average Average 
ratio of .. ·eight 

length to ,.·idth (milligrams) 

3.4-3.6 16-20 
2.2-2.4 18-22 
1.8-2.0 22-24 

A grain of rice has been described as a conical-elliptical cylinder, or as a 
paraboloid of revolution, with ridges and grooves on its surface, and this is why 
the separation of bran is not uniform across the whole surf ace. An investigation 
under the microscope into the effects of whitening (using McGill No. 3) on 
different parts of the grain [52] (see figure 5) has shown that: (a) the most 
prominent ridge is subjected to a greater abrasive effect, with a correspondingly 
higher loss of bran, than other points on the surface; (b) less bran is lost from 
the grooves; (c) the abrasive effect is less in the dorsal area than in the ventral 
portion of the grain; and ( d) the central portion of the grain is altered less than 
the terminal portions. 

Differences between varieties or lots in the morphological properties cited 
above are translated into differences in the bran produced. Thus, for example, 
the presence of deep grooves forces the miller to prolong the milling process in 
order to obtain rice of the customary standard of whiteness. As a result, much 
more starchy endosperm is incorporated into the bran, because of the deeper 
abrasion and the additional fines that are produced. 
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Figutt 5. Histogram ttpresenting ~rcentage or Stttions with denuded bran and aleurone layers at 
different degrees or polish 
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Grains in which the lower end of the starchy endosperm protrudes are 
typical examples of the distinctive, though still normal. shapes that may be 
found (see figure 6). The elongated projection, which must be considered as a 
defect, breaks easily during the whitening process and this tends to increase the 
fractions of small broken germ and bran. 

figure 6. Projections produced by milling 

B 

.\"ote: The percentage of ends produced by milling depends on the shape of the caryopsis. Shape A resists 
breakage beuer than shape B. 

Anatomical layers 

As has been shown elsewhere, the number of cell layers in the bran varies. 
Varieties with a short oblong grain generally have more leurone cell layers than 
those with a long grain. Highland varieties have more layers in the dorsal and 
ventral portions of the grain than lowland varieties. High temperatures during 
ripening also increase the number of aleurone layers, although only in the 
dorsal portion. In a study made of 40 varieties, including the indica and 
japonica sub-species and hybrids [53], the ranges of variation in thickness of the 
outer bran layer and the aleurone layer in various portions of the grain-dorsal, 
lateral, central and terminal-have been evaluated (see tables 4 and 5). The 
ranges of variation are wide; the minimum values are generally a half or even a 
third of the maximum values. The variations imply substantial differences in 
the bran obtained and in the oil it may contain, although these have not been 
evaluated. 
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TABLE 4. STATISTICS OF MEASUREMENTS OF THE THICKNESS OF THE BRAN 
LA YER OF THE RICE CARYOPSIS 

Statistic 

Maxin .:m 
Minimum 
Mean 
St .. ndard error 

Coefficient of variation(%) 

Source: Manoharkumar and 01hers [53). 

(Micrometres) 

Outer layrr of the bran 

Dor sat Lateral 
portion 

69.0 
28.0 
45.9 

1.9 

25.5 

portion 

37.0 
3.0 

19.1 
0.9 

27.2 

.4/eurone layer 

Dorsal Lateral 
portion portion 

89.0 56.0 
30.0 17.0 
67.3 .12.3 

2.1 1.8 

19.3 34.7 

Note: Summary dala from a s1udy made on 40 pure slrains of paddy representing indica and japonica 
sub-species and their hybrid selections. 

TABLE 5. STATISTICS OF MEASUREMENTS OF THE THICKNESS OF THE BRAN 
LAYER AT DIFFERENT POINTS ON THE CARYOPSIS 

Statistic 

Maximum 
Minimum 
Mean 
Standard error 

Coefficient of variation(%) 

Source: Manoharkumar [53]. 

(Micrometres) 

Germ portion 

Dorsal I.at era/ 

167.0 63.0 
67.0 25.0 

120.0 47.4 
2.85 1.36 

15.0 18.2 

Opposite end 
Central portion to the germ 

Dorsal Lateral Dorsal Lateral 

150.0 71.0 146.0 67.0 
75.0 25.0 84.0 29.0 

112.8 52.2 I08.0 49.0 
2.77 1.61 2.75 1.52 

15.3 19.3 15.5 18.8 

Note: Summary data from a study made on 40 pure strains of paddy represen1ing indica and japonica 
sub-,pccies and their hybrid selections. 

The size of the germ is another factor to be taken into account. Germ is an 
important part of the bran, especially when the bran comes from lightly 
processed brown rice to only a little milling, in which case it can account for 
more than 25 per cent of the end-product. The size of the germ in different 
varieties can vary considerably. 

Mechanical properties of the grain 

The mechanical properties of the grain include: (a) its resistance to 
abrasion and friction; (b) its resistance to breakage; and (c) the ease with which 
the germ can be separated. 

Resistance of the grain to abrasion and friction 

The bran becomes detached most easily in places where the aleurone layer 
is thinnest (54]. During whitening, the bran comes away earlier in the lateral 
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portion of the grain-where the layer is least thick-than in the dorsal 
portion [53]. Findings have been published on differences in resistance 
to abrasion, not only between one variety and another (see figure 7) [7] 
but also between lots of the same variety (see figure 8) [7, 55]. 

Reports on variations in the resistance of the grain to abrasion according 
to moisture content [57] have shown that the lots with the lowest moisture 
content (6-IO per cent) were much more resistant. The fact that grains of par
boiled rice have a high resistance to abrasion is particularly well established [56]. 

Figure 7. Resistance tc abrasion during the milling of different varieties and lots of brown rice 

15 

-Cl> 
C'I 

~ 10 
c: 
~ .... 
8. 
~ 

Cl> 
> 
0 
E 
Cl> .... 
c: 
~ 5 

IXI 

0 
50 100 

,_ Bahia variety 
() Girona variety, lot A 
e Ciirona variety, lot B 

I I I 

150 200 
Milling time (seconds) 

Source: Barber an:t Benedi10 de Barber (7]. 



142 Rict bran: an under-utilized ra"· material 

Figure 8. Changes ii' abrasion resistance during the storage period of brown rice milled in a 
differential mi11° 
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con1cn1 of 13.2 per cent. 

Resistance of the grain to breakage 

Koga [58] has depicted graphically what happens to the broken rice during 
the whitening process (see figure 9). The brokens are abraded more easily than 
the whole grain, especially on the surface of rupture, and the flour that is 
removed from the starchy endosperm goes into the bran. In varieties and lots 
with a high yield of brokens, this factor greatly affects the quality of the bran. 

Ease of bran removal 

It has been pointed out [59, 60] that th~ ease with which the germ can be 
removed from its normal position in the caryopsis probably depends on two 
factors: first, the flimsiness of the scutellar epithelium, which is made up of 
empty, flattened cells; and, secondly, the poor cohesion of the starchy 
endosperm in this region, due to its powdery consistency and lack of well
defined walls of cellular tissue. In consequence, the germ is not separated 
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Figure 9. Parts of the rice caryopsis that are separated as bnm during the whitening process 

A 

Unbroken caryopsis 

Bran 

B 

Broken caryopsis 

Source: Koga (58). 

through continued abrasion but is usually torn out suddenly under the force of 
a well-placed impact. Yet, either because of differences in the degree of 
cohesion or because the concavity of the endosperm surrounding the germ 
protects it in different ways, varieties of rice differ considerably in the ease with 
which the germ can be removed during the whitening process (see table 6) [61]. 

TABLE 6. REMOVAL OF THE GERM DURING THE WHITEN
ING PROCESS 

Ptrcentaf(e of f(raim 
Variny Type l<'ith re.sidual f(erm 

Kinma7.e Glassy 5.6 
Pearl 5.6 

Fukuminosi Glassy 8.3 
Pearl 6.6 

Ginmasari Glassy 40.6 
Pearl 32.3 

Source: Kanda, Ikehuhi and Ito (61). 
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Since the g'!rm forms an important part of the bran, such variations may well 
mean that there will be major differences in the make-up of the bran. 

In parboiled rice the situation is different. Treatment gelatinizes the starch, 
and so the endosperm and the germ remain effectively bonded together. The 
germ does not .. jump" out, and its separation from the rest of the caryopsis is 
brought about by continued abrasion [62). Unless milling is very prolonged, 
parboiled rice always contains some residual germ. 

Vasan and others [63] have studied the changes in the weight and oil 
content of the germ caused by parboiling (see table 7). During the process the 
germ loses a great deal of weight but its oil-content increases; it does in fact 
retain most of its original oil. If, however, germ removal from parboiled rice is 
total (which is difficult to achieve before 5 per cent of the bran calculated on 
the brown rice has been eliminated), its contribution to the oil-content of the 
bran is the same as in the case of raw rice. 

TABLE 7. EFFECTS OF PARBOILING ON THE WEIGHT OF 
THE GERM AND ITS OIL CONTENT 

Samples 
(f.oro,.·n rice grain) 

Raw rice 
Parboiled rice 

Sourer: Vasian and others (63). 

Germ 
(f"rcrntage) 

3.4 
2.1 

Chemical characteristics of the grain 

Oil in the germ 
(percentage) 

35.7 
45.8 

One factor that is responsible for considerable variations in the charac
teristics of the bran is the chemical composition of the grain. It is probable that 
its importance will increase in proportion to the advance of crop improvement 
programmes that may include, amongst their objectives, the development of 
rice varieties with higher-quality bran. Certain rice varieties have already been 
obtained which, instead of containing between 1.2 and 2.0 per cent oil (the 
usual proportion), contain approximately 4 per cent [64]. 

The distribution of chemical constituents in the grain is a second factor to 
be considered in relation to the properties of the bran. In the caryopsis there is 
a gradient of decreasing concentration-except for starch, which increases
from the outer layers towards the cent.re of the grain. The fat distribution is 
diff erent:9 the concentration increases from one outer layer to the next inner 
one, reaches a maximum, and then falls off towards the middle of the grain. 
Although the shape of the distribution curve is generally the same for all 
varieties of rice, there are quantitative differences that have a bearing on the 
composition of the bran [22]. Parboiling produces quantitative changes in the 
oil concentration by regions but does not affect the general pattern of 
distribution (see figure 10) [63, 65). The increase in d~e fat content of bran has 
been well documented, as have some cases of differences between brans 
resulting from different degrees of milling (see table 8). 

9Protein distribution also. 
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Figure 10. Oil content of successive fractions of bran extracted from raw and parboiled rice 
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TABLE 8. EFFECTS OF PARBCILING ON THE OIL CONTENT OF BRAN 

Anrount ol hrat: atia polishin.r: 
f.i:rams ol bran per UHi .11:ram• 
of"hro1<n rice) 

2 
5 
8 

Source: \'asan and others (63[. 

IR-8 

Rak Parhoi/,·J 

24.1 32.2 
25.4 34.2 
22.5 JO.I 

GER-!./ 

Rak· Parboiled 

JC.2 32.9 
30.2 34.0 
26.9 29.1 

Sanitary condition of the grain 

CO-JJ 

Ru1t· PurhmleJ 

26.4 30.6 
27.2 36.0 
27.3 34.0 

Physical and chemical contaminants, micro-organisms and insects all affect 
the sanitary condition of the grain. It is customary for rice to be stored for 
long periods, with the accompanying risk of deterioration caused by the action 
of insects and micro-organisms. The use of chemical compounds to protect the 
harvest is widespread. Although most of the contaminants are removed along 
with the husk, the bran is not necessarily free of them. Some insecticides 
-malathion, for example-are known to degrade in time, but the degradation {) 
takes 5.everal weeks (months in the case of malathion) and metabolites (mainly ~ 

dimethyl-phosphorothionate) are produced in the process [66]. 
The usual microbial flora of rice include micro-organisms capable of 

producing mycotoxins. It has been shown that a high proportion (60 to 80 per 
cent by weight) of the toxins in the grain pass into the bran during milling. The 
resulting bran contains IO times as much toxin as milled rice [67]. Given that, 
under favourable conditions, rice is sometimes exposed to the rapid growth of 
micro-organisms, with the consequent production of toxic metabolites, the 
presence of these toxins in bran is not at all improbable. 

Factors related to the milling process 

As has already been shown, there are three factors related to the efficiency 
of the milling process: (a) preliminary operations; (b) number of steps involved; 
and (c) machinery used and its operating condition during milling. 

Preliminary operations 

Paddy rice can contain stones, sand, soil, metallic objects, straw, weed 
seeds etc., which greatly reduce its value. Most, and possibly all, of this foreign 
matter ought to be removed before the husk is removed. In addition to 
improving the quality oi the bran, there would be the additional advantages of 
a more attractive milled rice product, and more efficient operation of the 
hulling and whitening machines and reduced wear and tear on ti1en. The 
hardest and most durable foreign matter causes excessive wear on the most 
delicate parts of the equipment and degrades the actual conditions of 
processing-for example, it can damage the screens of the whitening machine 
and lead to the inclusion of brokens and even whole grains in the bran. Many 
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of the operations carried out immediately after the rice is harvested (e.g. sun 
drying and threshing with livestock) contribute in large measure to the presence 
of foreign matter in pz.ddy rice. so much so that any improvement in the 
operations can go a long way towards so!ving the problem. Nevertheless, paddy 
rice, whatever its provenance. can not reach the hulling stage in good condition 
unless it has been subjected to a thorough and eff tctive cleaning. This cleaning 
is also made easier if the size of the grains of rough rice is uniform; otherwise, 
not only is the efficiency of the operation reduct>d but there is a risk that grain 
will be lost in the process. 

Where this foreign matter finally ends up depends on the nature of the 
particles themselves and on the pattern of milling. It has been pointed out 
elsewhere that at present the single-step huller-type mill. without a cleaning 
stage. is the prevailing mill in many rice-growing countries, particularly in Asia. 
In this case. most of the inert impurities (sand and mud) always pass into the 
bran-although crushed rice husk is the major impurity. The efforts of some 
Governments to promote even limited modernization of these installations. if 
successful, must contribute towards a substantial improvement in the quality of 
the bran. In more recently built installations, and in older ones that have been 
modernized, cleaning forms part of the process. In many cases. however. the 
cleaning capability of the machinery is not put to full use. Soil. sand and husk 
fragments, even when only present in small quantities. greatly affect the food 
value of the bran. The effect of chewing a bran-based product containing a 
small grain of sand is surprisingly unpleasant. In anticipation of this sort of 
problem. the cleaning of paddy rice will have to meet more rigorous standards 
if quality bran is to be produced. 

The pre-cleaning of paddy rice has been dealt with in detail by Gariboldi 
[68] and van Ruiten [69]. 

Number of steps in the milling process 

The huller-type mill, used to carry out the simultaneous hulling and 
whitening of paddy rice in a single stage, produces a by-product of poor quality, 
as it is a mixture of bran ( 15-25 per cent) and crushed husk (75-85 per cent) 
[70]. Since crushed husk is included, as well as many small brokens, the oil 
content is low (about 12-15 per cent) (see table 9). 

TABLE 9. COMPOSITION OF THE BRAN PRODUCED IN A HULLER-TYPE MILL AND 
IN A CONE-TYPE MILL 

(Percenraxe. M:tt M:tif(ht) 

Cone·T}'Pt: mill Hu/ler-rype mill 

Varitry Variety Variety Variery Varitry Varier.1· 
Componenr Anuratlhapura Hambanrora Ba11icaloa Anuratlhapura Hambantota Ba11icaloa 

Protein 12.68 12.67 12.29 8.S3 8.97 9.27 
Fat lS.31 14.94 IJ.S9 S.8S 1.SO 6.12 
Fibre 8.69 9.47 8.68 18.8S 21.24 17.32 
Ash 10.09 I0.9S 10.97 22.40 18.82 17.81 
Nitrogen-free 

extract 42.17 41.72 44.74 33.90 32.00 38.IO 

S"ura: Siriwardene [71 ). 

() 
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Attempts have been made to improve the bran obtained in this way by 
subsequent si~ving. separating it into a fine fraction, containing more oil. and 
a coarse fraction, containing more husk. Although well-established in some 
places as a commercial practice, this further process does not really solve the 
problem. No husk that has been reduced to small particles, soil and mud can be 
separated in this way; the bran is still silica-rich and low in oil (below 10 per 
cent). for which reason it is still a low-quality product in the two alternative 
uses to which it can be put directly-for the extraction of oil and as fodder for 
livestock. 

A large-scale inclusion of husk in the bran can only be avoided by using 
two-stage or multiple-stage processes. Only in this way can a bran be recovered 
with the high oil content and low silica needed for a quality product. 

There are a number of advantages to be gained from using a multi-stage 
whitening process. First, since the pressure on the grains is less, there is also 
less risk of deep abrasion, which rubs away portions of the starchy endosperm 
together with scraps of the bran layers; secondly, since fewer bro kens are 
produced, less flour and fewer small fragments of the starchy endosperm are 
included in the bran. The result is a bran with a higher oil content. 

Types of machines and processing conditions 

The hulling machine also plays a part in the industrial procfoction of bran. 
It has been shown elsewhere that the two types of hullers in common use differ 
in their effects on the rice, in that the stone-disc huller damages the bran layers 
and takes some of the germ out, while the rubber-roll type iea\es the caryopsis 
practically intact. With the former machine. between 1.5 per ce-.it and 2 per cent 
of bran is produced, in the latter less than 0.5 per cent. The difference lies not 
only in the quantity of bran produced but also in its compo~ition (see table 10). 

TAIJLE IO. AVERAGE COMPOSITION OF BRAN FROM 
DIFFERENT TYPES OF HULLING MACHINES 

(Percenrage) 

Component Disc-I ype huller Rubber-roll huller 

Moisture 9.2-13.5 11. 7 
Protein 8.1-11.6 3.8 
Fat 6.5-I0.4 0.8 
Fibre 14.8-22.6 41.5 
Ash 11.2-20.4 13.2 
Nitrogen-free extract 31.0-40.3 28.9 

Source: Borasio [72). Leonzio [73). Primo and 01hers [74). 

Th~ bran from the stone-disc machine consists of fragments of husk, bran 
(basically pericarp ), some germ and rachilla, and small endosperm fragments, 
together with inorganic impurities, while bran recovered from roller machines 
contains scarcely any germ and bran. This explains why the bran from the 
rubber-roll machine is poorer in fat anJ richer in fibre. The above descriptions 
apply only to machmes in which the adjustment is perfect. Unfortunately this is 
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not usually the case, particularly with stone-disc machines, for which a precise 
adjustment of the gap between the two abrasive surfaces is most critical. It will 
be recalled that the disc machine presses on the grain at both ends of its longer 
axis (length). while the roller machine presses on the ends of the minor axis 
(thickness). The length of the grains varies more than the thickness; 
furthermore, the surface of the discs is not elastic like that of the rollers. If the 
lengths are very different, the longest grains break and the shortest ones emerge 
unaffected. If the gap between the discs is not correctly adjusted or if, as a 
result of wear, it is not uniform, or if the machine is fed grain too fast, the 
resultant abrasive action on the grains leads to the elimination of larger 
quantities of bran. 

When rice is dehusked on a rubber-roll machine, the bran separated in the 
subsequent whitening process is richer in oil than that obtained with a stone
disc hulling machine (see table 11 ). 

TABLE II. EFFECT OF DIFFERENT TYPES OF HULLING 
MACHINES ON THE OIL CONTENT OF BRAN FROM WHITEN

ING MACHINES 

Type of lru/ler 

Abrasive disc 
Rubber-roll 

Source: Aggarwal and Sarda [75). 

Oil content 
(percentage) 

15-17 
18-20 

The efficiency of the hulling machine also affects the properties of the 
bran. No machine dehusks 100 per cent of the paddy rice in a single pass. 
Moreover, if the hulling machine is worn or badly adjusted, or if the size of the 
rice grain varies. the percentage of the grains that remain unaffected on passing 
through the machine is high. Unless the machine used to separate the paddy 
rice is operated with the greatest care (which would in this case imply a very 
low yield), the brown rice going into the whitening machines will be adversely 
affected. 

The average size of the grains of rough rice rejected by the paddy separator 
is considerably smaller than that of the rice that goes to the hullers, and this is 
why some grains come out unprocessed. The installation of a "return" hulling 
machine, which only processes the grain rejected by the paddy separator and 
is specifically adjusted to deal with the average size of these grains, is one good 
solution, which makes it easier to ensure that no rough rice is fed into the 
whitening machines. 

As has already been pointed out, paddy separators can operate very close 
to 100 per cent of their efficiency, with industrially acceptable yields. This fact 
should be taken into account when a high-quality bran is wanted. 

Destoners should also be mentioned. They can be placed before the hulling 
machines or before the whitening machines. Stones and clods of earth of 
roughly the same size as the rice grains have to be eliminated before whitening, 
since that is when they are likely to disintegrate and become permanently mixed 
in with the bran. 
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Whitening machines have a decisive influence on the properties of the 
bran. Of particular interest in this connection arc the type of machine, the 
number of passes and the grade of emery used and the size of the mesh in 
the screen. The main variables in operating conditions arc the homogeneity and 
the degree of milling. and the possible use of dust to polish the rice. 

Whitening machines that operate by friction or rubbing produce a 
different bran from that obtained from abrasion machines. Bran produced by 
the former is coarser and somewhat more crimped or curly (sec table 12); 
usually it contains more fat (see table 13). 

TABLE 12. PARTICLE-SIZE DISTRIBUTION OF DIFFEF~ENT TYPES OF BRAN FROM 
WHITENING MACHINES 

Sit••·•· 

Fraction of bran rc•taineJ by sie,·e 
(peranra.~e) 

:4brasion npe ma<·hmeh 

C'S sie•·•· 
No. 

.\fr_;h si:e 
(micmmeire•) 

Friction-type 
maclrineD 

Bran ... -i1hou1 g<'Tm 

Ra11geC .\fea11C 

20 
30 
50 
80 

100 
>100 

841 
595 
297 
177 
149 

<149 

0 Data adapted from Mihara [76). 

hoata from Spanish mills. 

coata from four mills. 

4.4-16.0 
12.0-28.0 
42.0-62.0 

2.0-16.0 
0.5-2.0 

0.2-0.4 IU 
1.8-3.8 2.9 

14.9-21.1 19.1 
22.9-29.6 25.0 

3.2-5.6 4.1 
43.0-53.1! 48.6 

TABLE 13. AVERAGE COMPOSITION OF BRAN FROM BOTH 
FRICTION-TYPE AND ABRASION-TYPE WHITENING MACHINES 

Frictio11-1ype 
Compo11em machine0 

Moisture 11-13 
Protein 14-16 
Fat 18-21 
Fibre 8-IO 
Ash 9-12 
Nitrogen-free e:w:tract 33-36 

0 Data on Japane~ mills. from Mihara (76). 

hoata on Spanish mills. from Primo and others [74). 

C(.evrls of 19 per cent are not infrc:quenl. 

.4braJion-np<' 
mae'lrineh 

12-14 
13-16 
14-16c 
9-IO 
11-9 

45-SO 

Bran nith 

-~"'"' 

llU 
9.7 

20.3 
l!U 
4.4 

29.2 

Single-stage whitening produces bran with less fat and more nitrogen-free 
extract than bran produced in several stages. First, the separation of the outer 
layers of the grain is more irregular, and penetration is deeper; secondly, the 
percentage of brokens is higher and a greater proportion of starchy endosperm 
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is incorporated into the bran. The mesh-size of the screen in the whitening 
machine does not vary much from one machine to another, but wear caused by 
excessive use and, sometimes, incorrect adjustment, lead to adverse results. The 
presence of brokens and even of whole grains in the bran is usually held to be 
the result of a damage in the screen. If the defect is not made good, the bran 
quality will be observed to be progressively impaired, with a corresponding 
effect on the yield of milled rice. Table 14 shows these effects in a cone mill. 
The 841-µm fraction contains a large number of very small brokens, as a result 
of the makeshift use of a damaged screen. Its influence on the oil content of the 
bran as a whole is easily visible. 

TABLE 14. EFFECT OF BROKENS ON THE OIL CONTENT OF 
COMMERCIAL BRAN FROM AN ABRASIVE CONE MILL 

Sie•·e 
Fraction of bran Oil content 

us retained offraction 
siel·e Mesh size (percentage. (percenta.~e. 
:Vo. (micrometres) dry 111.·eightJ dry "·e(l{ht) 

20 841 16.78a 5.96 
30 595 13.24° 12.77 
50 297 28.22 } 80 177 10.31 

100 149 11.04 18.34 

>100 <149 20.41 --
Total 100.00 l~.35 

ausually less 1han 5 per r.enl. The high pcrcen1age renecis 1he presence of 
small brokens. 

The number of stages in the whitening process and the types of whitening 
machine used can affect the temperature of recently produced bran. A multi
stage whitening process, using machines with air injection or air suction, yields 
bran at a lower temperature, which retards deterioration caused by enzymes. 

The degree of milling has a particularly marked effect on the properties of 
the bran, but the ultimate reason for its influence is the distribution of chemical 
constituents in the rice grain, dealt with earlier. 

In some countries, calcium carbonate is used in the whitening process. This 
material, having a particle size of less than 74 µm, acts as an abrasive and helps 
to give an attractive finish to the white rice. The proportion in which it is used 
varies widely (0.5-2 per cent on the paddy rice) according to the class of rice 
and the machine used. But calcium carbonate not only facilitates the whitening; 
it also modifies the composition of the bran. Its use at a concentration of 
0.5 per cent in brown rice represents a carbonate concentration in the bran of 
I 0 per cent if the degree of milling is 5 per cent. This affects two properties of 
the bran: the measurable acidity and the ratio of calcium to phosphorus; in the 
first case, the carbo.1ate acts as a neutralizing agent and in the second it has a 
directly beneficial effect, since the ratio of calcium to phosphorus is roughly 
I: 10, when for animal feed purposes it must be closer to I: I. 

0 
""' 
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V. Technology for the stabiliu.tion of rice bran 

Introduction 

In chapter II above, it has been clearly established that the basic objectives 
of stabilization are: (a) to destroy enzymes, micro-organisms and insects (the 
chief causes of deterioration of the bran), reducing their activity to safe levels; 
and (b) to preserve to the maximum the valuable constituents of the 
bran-chiefly oil, proteins, vitamins and other nutrients. It has also been 
recognized that the known means of attaining the first objective are inimical to 
the second, and so a compromise solution is the only viable alternative, 
provided that the risk of deterioration is within the bounds permissible in 
industrial use. 

In general, however, research and development work on stabilization 
processes so far has been h:.rgely directed towards the partial goal of halting the 
development of FF A. The substantial amount of work done so far now needs 
to be reviewed and an assessment made of the results achieved in the light of 
the new evaluation criteria that have been developed. In the following secticns, 
therefore, the information available is classified on the basis of the means used 
to check enzymatic activity and other causes of deterioration. First, processes 
using chemical agents are reviewed. Subsequently the physical processes are 
dealt with, first analysing those based on cooling, inert atmospheres and 
irradiation. Finally, an in-depth study is made of the processes that use heat, 
the processing conditions and equipment being analysed separately. 

Stabilization methods 

The stabilization methods investigated thus far may be classified into two 
major groups: chemical and physical. The latter may be subdivided into several 
types, such as cold storage, storage in an inert atmosphere, irradiation and heat 
stabilization. 

Chemical stabilization 

Desikachar [I] has pointed out that the conditions required to inactivate 
isolated and purified lipase differ from those needed to achieve the same result 
in situ in the bran. This applies not only to bran but to most of the enzymes 
found in vegetable tissues. The effects of a number of very diverse chemicals 
have been studied with a view to ascertaining their possible use for stabilizing 
rice bran (see table I). 
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TABLE I. TESTING OF CHEMICAL COMPOUNDS FOR THE STABILIZATION OF RICE BRAN 

Chemical compound 

Acetic acid 
Hydrogen chloride (gas) 

Humic acid 
Acrylonit. ile 
Ethyl alcohol 
Methyl alcohol 
Ammonia (gas) 
Sulphur dioxide (gas) 

Methyl bromide 
2-Chlorocthanola 
Chloropicrinb 
Ethylene dibromide 
I .3-Dimethyl-4.6-bis 

(chloromethyl) benzene 
Carbon disulphide 

Formula 

CH1COOH 
HCl 

CH:CHCN 
CH 1CH:OH 
CH 10H 
NH1 
SO: 

CH 1Br 
CH:CICH:OH 
CCl,NO: 
CH:BrCH:Br 
l .3(CH 1):-4,6-
-(CH:Cl):C.H: 
CS: 

Treatment 

Conditions not specified 
15 minutes stream plus IS hours 
0.01 per cent aqueous solution 
Conditions not specified 
Steam at 100" C for 5 minutes 
Conditions not specified 
Treat with 15 minutes stream and hold for 50 hours 
(a) Treat for 15 hours in cold SO~ 

atmosphere and aerate 
(b) Hold in SO) atmosphere 
(c) Treat for 1.5 hours in SO~ stream, hold 

for 6 hours and aerate 
(d) Treat with 5-10 per cent SO) for 5-10 hours 

and dry in the sun 
(e) Conditions not specified 
Conditions not specified 
0.31 per cent 
Conditions not specified 
Conditions not specified 
0.03 per cent 

Conditions not specified 

~ 

Effectiveness Sourer 

Desikachar [ l] 
G6mez Fabra and Prin.o [3] 

+ G6mez Fabra and Primo [3] 
Desikachar [I] 
G6mez Fabra and Primo [3) 

Desikachar [ l] 
G6mez Fabra and Primo [3] 
G6mez Fabra and Primo [3] 

+ G6mez Fabra and Primo [3] 
Adachi and Futsuhara (4] 

+ Loeb and Morris [5] 

Desikachar [I] 
Desikachar [I] 
Loeb, Morris and Dollear [6] 

Desikachar [I] 
Desikachar [I) 
Loeb, Morris and Dollear (6) 

Desikachar [I] 

.... 
~ 

I~ 
1~ ?'! 

§ 

ll 
~ 

"i' 
§. 
~ a. 
i:l 

" 3 
Cl 

~ 
Si' -



Formaldehyde 

Furfural 

Hexane 

Bleaching powderc 

CH~O 

C,H,OCHO 

CH .<CH~).CH, 

Conditions not specified 

Conditions not specified 

Conditions not specified 

(a) Soak in 4 per cent aqueous 
solution and dry in the sun 

(b) 3-10 per cent in water and dry in the sun 

Potassium iodide 

Propylene glycol 

Kl 5 and 10 per cent on weight of bran 

CH,CH(C~H,COO)- 0.19 per cent 

di propionate 

Propionaldehyde 

Sodium bromide 

Sodium cyanide 

Sodium chloride 

Sodium chromate 

Sodium fluoride 

Sodium fluoride 

Sodium metabisulphite 

Topanol OC (antioxidant) 

Topanol OF (antioxidant) 

-CH:(C :H,COO) 

CH,CH:CHO 

Na Br 

NaCN 

NaCl 

Na:CrO, 

NaF 

NaF 

Na:S:O, 

"Or ethylene chlorhydrin, 2-chloroethyl alcohol. 

bor trichloronitromcthanc. 
c Also called calcium hypochloritc (Merck l. 

Conditions not specified 
5. 10 and 20 per cent on weight of bran 

0.03 per cent 
5 and 10 per cent on weight of bran 

0.1 per cent on weight of paddy, 72 hours 

5, 10 and 20 per cent on weight of bran 

Hold in 5 per cent aqueous solution ( 10 per cent 
on weight of bran) and dry in stove at 105° C 

2 per cent on weight of bran 

0.5-1.0 per cent 

0.5-1.0 per cent 

~ 

Desikacha1 [I] 

Desikachar [I] 
Applied Scientific Research 
Corporation of Thailand [7) 

Hermans and Ratanapunvorakul (8) 

Loeb and Morris [5] 
Panduranga Rao, Ahmed and Rao [9) 

Loeb, Morris and Dollear (6) 

Desikachar [I] 
Panduranga Rao, Ahmed and Rao (9] 

Loeb, Morris and Dollear (6] 
Hermans and Ratanapunvorakul (8] 

Chowdhary and Mukherjee (10] 

Panduranga Rao, Ahmed and Rao [9] 

Filho, Germany and Melo [ 11] 

+ Azeemoddin and others [ 12] 

Arnott and Lim [ 13] 

Arnott and Lim [13] 
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In spite of some apparently encouraging results, chemical methods have 
not been satisfactory. The products tested do not have the desirabl~ capacity 
for inactivating lipase. To this circumstance, which in any case makes the use of 
chemical methods impractical, must be added other considerations of a 
toxicological, nutritive and economic character. Of all the chemicals tested, S01 

has shown the greatest capacity for inactivating lipase. According to a 1919 
Japanese patent [2], the lipase from rice bran is destroyed by treating the by
produci with 5-15 per cent of S02 for 5-10 hours in a closed receptade and by 
drying it in the sun. Treatment of bran or cor·mercial germ in an atmosphere 
of S02, at ambient temperatures for 11/i hours [l] or 15 hours [3], followed by 
subsequent aeration in order to eliminate the gas, does not, however, give 
satisfactory results. The by-product must be exposed to sulphur dioxide for 
days in order to halt the formation of FF A [3). 

Recently, sodium metabisulphite has been used as a source of sulphur 
dioxide. 1 Mixed directly with the bran, in the proportion-regarded as 
optimum-of 2 per cent by weight, it is said to inhibit the development of FF A. 
In laboratory tests, the mixture of bran and metabisulphite, in sealed glass 
bottles, showed satisfactory storage characteristics. A batch of 25 kg, packed in 
jute bags and stored for 30 days, was also satisfactory: over that period the 
fatty acid content of the oil in the fresh bran only increased from 2.2 per cent to 
3.5 per cent. According to the authors [12), the treatment does not reduce the 
oil yield, and the crude oil can be subjected to the usual refining processes in 
order to obtain edible oil. Other authors [3] have detected a marked reduction 
in the iodine index of the corresponding oils in batches of bran and of germ 
kept in an S02 atmosphere for 76 days at ambient temperature. In the treated 
bran, the iodine index fell from 108.8 to 75.8 and in the germ from 104.8 to 
71.5. Sulphur dioxide has been used in the treatment of cereals and cereal 
products, such as the soaking of maize in the manufacture of starch, protection 
of wheat flour against micro-organisms, prevcntior. of the growth of moulds 
and bacteria in the silage of maize etc., although in some cases its use in 
f::>odstuffs is prohibited. The sulphur dioxide reacts with several useful 
components of the bran. It destroys the thiamine molecule by splitting it into 
two parts, one of which is a sulphonic acid. In the form of a sulphite it reacts 
with disulphides like cysteine to produce thiols and sulphonates. In wheat flour 
this reaction reduces the bread-making strength; in bran proteins these effects 
do not appear to have been evaluated. The sulphur dioxide reacts slowly with 
sugars, forming the so-called bisulphite combinations; the reaction is reversible, 
S02 being released under favourable conditions. Treatments with S02 can lead 
to corrosion of the equipment, and this must be avoided. In addition, the 
product treated with S02 requires additional treatment to eliminate the residual 
gas, which presents its own problems. If this treatment is not carried out, the 
continuous release of S02 creates a toxic and unpleasant atmosphere, which 
can give rise to many problems. The use of hermetic containers or receptacles 
also seems to have a number of disadvantages. 

'The forms usually employed in food technology arc: gaseous sulphur dioxide (SO:l and 
sodium and po1assium sulphi1cs (son. bisulphi1cs (HSO;) or mc1abisulphi1cs (S:OrJ. 
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Physical stabilization 

Physical stabilization methods include: (a) storage at low temperatures; 
(b) storage in an inert atmosphere; (c) irradiation; and (d) heat stabilization. 
The first three methods are discussed briefly below. Heat stabilization, 
however. is of considerable practical interest, and a vast amount of information 
is available on the subject; it is therefore dealt with in a separate section. 

Cold storage 

It has already been noted that the storage of bran at temperatures close to 
0° C (ranging from +3° C to +5° C) [6, 14, 15] and -3.3° C [16] reduces the 
speed of hydrolysis but does not halt it. When the bran again reaches the 
ambient temperature, the original enzymatic activity is resumed. It must be 
pointed out that the data available on the effects of cold on the enzymatic 
activity of bran refer to small samples and laboratory tests. The situation is 
very different when industrial batches are being handled; for example, when 
hundreds of sacks are involved. Given the low heat conductivity of bran unless 
a highly effective heat transfer system is used, a long time is required for the 
by-product to reach the standard refrigerated storage temperature, during which 
deterioration can reach relatively high levels. These results, and considerations 
of an economic order, make it impractical to use refrigeration as an industrial 
solution to the problem of stabilizing rice bran. 

At the laboratory level it is interesting to note that by storing bran in a 
vacu•1m flask at -70° C, it is possible to maintain the level of FF A without any 
deterioration whatever for 15 days [ 17]. Roseman and others [ 18] reported 
having kept samples of bran for eight months without any change in the 
percentage of FF A, after having dried the bran to 2 per cent moisture content 
in an oven at 85° C with forced ventilation for three hours, and storing it in 
hermetic containers at -22° C. Both the samples kept at -70° C and those 
stored at -22° C showed enzymatic activity when they were returned to 
ambient tempr.rature and humidity. 

Storage in an inert atmosphere 

Little information is available on the behaviour of bran in inert 
atmospheres. Suppression of oxygen can reduce the growth of moulds, the 
proliferation of insects and oxidizing reactions, but it cannot be expected to 
destroy lipolytic activity. Indeed, there is evidence that bran, packed in an 
atmosphere of nitrogen and stored at ambient temperature (20°-25° C), 
develops FFA-in one case, around 40 per cent in 23 days [6]. 

The packing of bran in a carbon dioxide atmosphere has not given 
satisfactory results either [6]. With storage at ambient temperature, values of 
40 per cent of FF A have been recorded in three weeks. On the other hand, C02 

has been tested with success for storing milled rice and preserving it from 
insects and moulds. In general, insects cannot survive concentrations of oxygen 
in the intergranular air of below 2 per cent by volume. Neither can they 
withstand. levels of C02 above 35 per cent in atmospheres rich in 0 2 ( 15-2 ! per 
cent) [ 19). The carbon dioxide exchange method (CEM) combines these 
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principles with the capacity of the rice to absorb large quantities of co~ 
reversibly (at 20° C, processed grain absorbs some 200 Jll per gram in 24 hours) 
[20, 21, 22]. In the process, the grain is packed in a C02 atmosphere in thermo
sealable plastic of low permeability, which is sealed hermetically. The rice 
absorbs the C02, and the pack acts as a vacuum pack with internal protection 
provided by the C02• Bran has a lower capacity for C02 absorption than 
processed rice ( 109 µl per gram at 25° C in 24 hours) [23], but this is sufficient 
for the CEM process. In addition, the absorption of the gas is due not only to 
capillary condensation in the porous zones but also to absorption by the 
nitrogenous compounds, particularly the proteins. The enzymatic protein does 
not, however, seem to be affected. The interaction between protein and CO~ 
depends more on physical absorption than on chemical reaction or chemi
sorption. 

Irradiation 

Irradiation has been tested for its potential as a means of stabilizing rice 
bran. The information available dates from the beginning of the 1960s. In one 
case [ 17], the bran was treated with gamma rays. The tests were carried out in 
equipment with 500-curie Co60 sources, submitting the samples of bran (of 
100 grams) to treatments of 225,000 rads an hour. The doses tested, which 
varied from 2 X 106 to 12 x 106 rads, proved ineffective in preventing an 
increase in the FFA content during subsequent storage at 20° C.The irradiation 
doses (2 X 106 rads) did not, of itself, produce any in<.;rease in acidity. Totally 
different results were arrived at in another case (24], in which irradiation with 
gamma rays was carried out using a 1,000-curie Co60 source and submitting the 
samples of bran to treatments of l 02,300 rads an hour for various periods, with 
resulting doses varying from 1 X 105 to 1.2 X 106 rads. The effects of the 
treatments were evaluated by mixing the treated br~n with neutral vegetable oil 
(cottonseed oil), in the proportion of l to IO by weight, incubating the mixture 
at 35° C and determining the FF A content as a function of the incubation time. 
The fact that the level of FF A remained constant and equal to that of the initial 
bran throughout the six-week incubation period led the authors to deduce that 
highest dose ( 1.2 x I 06 rads) completely inactivated the lipase. Irradiation at 
the doses tested produced no changes in the content of fatty acids or in the 
i0dine index of the oil. 

Brown rice and bran have been irradiated with gas plasma with a view to 
checking the development of FF A from the bran oil, but the results were not 
satisfactory [ 18, 25, 26). Brown rice (samples of 30 g), irradiated for 15 minutes 
at 30 mA intensity and at 2 mm of mercury, packed in kraft paper bags and 
stored at 23° C and 50 per cent relative humidity, deteriorated less than rice 
that had not been treated, but the FF A content of the bran separated from it 
increased from 3.1 per cent to 6.3 per cent in six days. Bran (samples of 10 g), 
previously dried to 2 per cent moisture in an oven for three hours at 85° C and 
irradiated for seven minutes at 50 mA or five minutes at 100 mA intensity, at 
2 mm of mercury, also deteriorated in a few days when stored at 23° C in 
atmospheres of 75 per cent and 92 per cent relative humidity. Irradiation at 
JOO mA and 2 mm of mercury for five minutes produced marked changes in the 
lipids of the bran. The yield of oil extractable with petroleum ether fell by 

() 
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almost half. the iodine index fell sharply from lO I to 70, and the average 
molecular weight almost doubled (from 765 to 1,243). 

The irradiation technique also has serious technical and economic 
limitations. It is so sophisticated. the installations so large and the investment 
costs so high that it is not compatible with the technical and economic 
resources available for the production and marketing of bran. 

Heat stabilization: a widely favo•red techniq•e 

In the light of present knowledge, heat treatment offers the most likely 
solution to the problem of stabilization. Browne demonstrated as far back as 
1903 that by heating the bran immediately after milling to 99° C, hydrolytic 
changes were considerably retarded [27]. At the present time there are several 
alternative processes and types of equipment for stabilizing rice bran. The 
progress achieved since Browne carried out his studies is not, however. very 
great. considering the amount of time that has elapsed. particularly if one takes 
into account the notable efforts made in the last 30 years. Ways must still be 
found of meeting the various economic a:~d functional requirements for 
adopting this technology on a large scale. 

Heat stabilization processes may be divided into two major groups: 
(a) those which do not add water (in the form of liquid or steam) to the bran at 
any stage; and (b) those which do add water (in the form of liquid or steam) to 
the bran at one stage or another. This classification seems more convenient 
than the distinction frequently made between treatment with .. moist" heat and 
treatment with .. dry" heat, inasmuch as it is difficult to define precisely the 
terms "moist" and "dry" in connection with the treatment of bran and to apply 
them accurately to the various processes known. Furthermore, the addition of 
water to the bran-common to a number of methods-creates a differential 
characteristic by reducing the thermo-resistance of the enzymes and micro
organisms. 

Heat stabilization without the addition of water 

Heat can be imparted to the bran in a number of ways. for example, by 
maintaining the by-product in a hot atmosphere (stove or muffle); by putting it 
into direct contact with a stream of hot air; by transmitting heat to it through 
the walls of an open receptacle (a screw conveyor, for example) or one which is 
closed hermetically; by subjecting it to friction (as in the case of extrusion 
cookers); by using infra-red radiation etc. All these methods cause the 
temperature to rise to given levels for specific periods. 

Table 2 summarizes the conditions recommended by various authors for 
the stabilization of bran by heat treatment without the addition of water. It is 
immediately obvious that there are some very disparate figures. which are 
difficult to reconcile. Examples of this are processes A-2 and A-5 ( 105° C for 
three hours as against 80° C for half an hour) and B-1 and 8-2 (350° C for 
10 minutes as against 200° C for 10 minutes). Regrettably, the information that 
has l>een published on the processes studied is incomplete (partly because it was 
not possible to check all the parameters involved). Almost all the studies use 
the increase in FF A during storage as the sole criterion for measuring the 



TABLE 2. DIFFERENT TYPES OF HEATTREATMENT FOR THE STABILIZATION OF BRAN WITHOUT THE ADDITION OF WATER 

Group 

A-1 
A-2 
A-3 
A-4 

A-5 

B-1 

B-2 

B-3 

B-4 
8-5 
B-6 

8-7 

8-8 

B-9 

B-10 

Temperature 
("CJ 

110 
105 

105 
98± 2 

80± 2 

350 

200 

110 

120 
120 

(P+T+C)a 

(P+T+C)a 

110-120 

155 

130 

132 

Processin.~ conditions 

Type of treatment and.Jina/ 
moisture content 

Tlmt· (percentage) 

2h 
3h 

I h 
30min 

30 min 

IOmin 

IOmin 

20min 

3.7 

In oven. continuous agitation:= 0 

30 min hermetic cooling: 0. 75 

30 mil" hermetic cooling: 2.2 

Heated in muffle. 
on aluminium tray: 1.95 

Drying on trays in 6-8 mm layers 

15 min Infra-red: 1.0 
5min 

30 min 6-7 

45 min 7-8 
I s p::r cycle Number of cycles 1-3: moisture 

not specified 

18 s 
in extruder 

18 s 
in extruder 

Not specified 6 
(in extruder) 

Rrmark.r 

With no moisture absorption 

With no moisture absorption 

In airtight containers 

In ainight containers 

Without protection 
from moisture 

Dried. The bran charred 
at 160° C for 25 min and 
at 200° C for 15 min 
Residual lipase activity 
equal to zero 

Low residual lipase activity 

Gradual increase in FFA 

Gradual increase in FF A 
Increase in FF A 

Residual peroxidase activity 
3.1 per cent in Bonnot 
extrusion cooker 

Residual peroxidase activity 
20.8 per cent in MFM-KIST 

Residual pmixidase activity 
30 per cent 
No increase in FF A 

Sourc·t· 

Loeb, Morris and Dollear (6), Pe [28) 
West and Cruz [29), Arnott and Lim [ 13) 
Jaganmohan and others [30) 
lnstituto de lnvestigaciones 
Tecnulogkas (Colombia) [31] 
lnstituto de lnvestigaciones 
Tecnol6gicas (Colombia) [31] 
Sidhom, El-Tabey Shehata and 
Mohasseb [32] 
Arnott and Lim [13] 

Srimani and others [33, 34] 

G6mez and Primo [3] 
Ramkrishniah, Sawarkar and Sen (35] 
Viraktamath and Desikachar (36) and 
Ramanathan, Krishna and Sen (37] 
Pillaiyar, Yusuff and Narayanasamy (38] 
Khem Chand and Gupta (39, 40] 

Cheigh (41) 

Lin and Cat.:r [42] 

ap =pre-heating from ambient 1cmpcra1Urc 10 110 -115· C (about 15-20 minute,); T ·- Hcatmcnt at 110"·115 C for 5 minute':(' cooling from 110 -115' C: to at no,phcric 
pressure and discharge of the product. 
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efficacy of stabilization. This index depends also on factors unrelated to the 
efficacy of the heat treatment, such as subsequent contamination with micro
organisms producing lipase and the absorption of moisture during storage. In 
addition, much of the published work does not indicate the precise storage 
conditions (temperature, moisture content and relative humidity, or whether 
the bran is stored outdoors or in permeable containers), or the characteristics 
of the bran immediately after treatment (residual lipase activity, microbial flora 
producing lipases, moisture content). If one takes into account the fact that 
storage of the bran depends on all these parameters, the difficulty of making a 
comparative study of the data recommended (summarized in table 2) and the 
effectiveness of the treatments indicated by the various authors is evident. 
There are nevertheless a few points that may be relevant to determining the 
effectiveness of the various processing conditions listed in table 2. 

Here the studies carried out by West and Cruz [29] on the effects of the 
heat treatment of bran in an electric oven, testing different time and 
temperature conditions, are of basic importance. Heat treatment involves a 
drastic reduction in the amount of moisture of the bran and a consequent 
reduction in enzymatic activity. In order to determine the effects of heat 
treatment, bearing in mind the difference between the moisture produced and 
actual enzymatic inactivation, they designed and carried out the following 
experiment. Part of the sample was placed in hermetic containers and another 
part in sterile glass bottles plugged with sterile cotton wool. Under these 
conditions, the bran could reabsorb moisture while remaining protected from 
external microbial contamination. If the enzymes had really been inactivated by 
the treatment, the FF A content should not increase when the !c~t moisture was 
reabsorbed. If, on the other hand, the enzymes had not actually been 
inactivated and their activity had merely been checked because of the lack of 
water, the bran would show no change in FF A content while it was kept in an 
airtight receptacle but would recover its enzymatic activity as soon as the 
moisture returned to normal levels. The results of this experiment indicated 
that enzymatic activity was not completely destroyed by treatments lasting 
from three to four hours at temperatures between 100° C and 120° C, since the 
FFA content increased when moisture (5.5-6.5 per cent) was reabsorbed. If, 
however, the treated bran did not reabsorb moisture (i.e. if the degree of 
absorption was less than 1 per cent), there was no increase in the FF A content. 
Bearing in mind the fact that temperatures above 105° C over prolonged 
periods of treatment darken the colour of the bran, the authors therefore 
recommended that the bran should be treated at 105° C for three hours and 
then stored in airtight containers. 

Loeb, Morris and Dollear [6] arrived at the same conclusions, using a 
procedure similar to that followed by West and Cruz in what must also be 
considered a basic study. The authors observed that crude bran treated at 
110° C for two hours, with a resultant Moisture content of 3. 7 per cent could be 
kept for more than ty·o months at 25° C, with no in.:rease in the FF A content, 
if it was placed in an airtight container, but that there was a rapid increase of 
acidity if the origimd moisture content ( 12. 9 per cent) was restored through the 
addition of water (sec figure 1 ). 

Heat stabilization processes that do not add water can reduce or destroy 
cnlJrnatic activity not only because they reduce the amount of moisture present 
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Figure I. Changes in FF A content during the storage of bran treated for two hours at II 0° C 
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but also 'Jecause they really do inactivate the enzyme; without the addition of 
water, however, the enzymes become more resistant, and more stringent 
conditions are required if this method is to have any significant effect. 

Provided the moisture of the treated bran is maintained at a sufficiently 
low level, the stabilization treatment will apparently be satisfactory. The levels 
of moisture recommended for preventing an increase in FF A content vary 
between 3 per cent and 6 per cent (6, 28, 29, 43, 44]. This probably accounts for 
the disparity in the conditions listed in table 2 and the difficulty in reconciling 
them. 

The conditions required for the group B processes listed in table 2 are 
different from those required for group A. Higher temperatures are used for 
shorter periods. The reduction in treatment time is not only achieved by using 
higher temperatures, as in process B-1, which employs a temperature of 350° C 
for 10 minutes (32], but also: (a) by increasing the speed of heat transmission 
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(whereby the bran reaches the standard temperature earlier), as in process B-4, 
which uses infrared rays at J 20° C for 15 minutes [3], and (b) by increasing the 
drying speed [45], as in processes B-5, using a temperature of 120° C for five 
minutes and B-8, using a temperature of 120° C for three cycles at I second per 
cycle [39, 40]. 

In experiments conducted by Srimani and others [33, 34, 46], the bran was 
treated at 100° C, 110° C and 120° C for 10, 15 and 20 minutes, in a small 
container fitted with a slow stirrer, the whole submerged in a thermostated oil 
bath. The effectiveness of the treatments was evaluated by determining the 
residual lipase activity. The results (see table 3) show that the bran has to be 
heated for at least 20 minutes in order to destroy the lipase. These results seem 
to contradict the conclusions of West and Cruz [29] and Loeb, Morris and 
Dollear [6], who, after treating the bran for three and two hours respectively at 
110° C, still detected lipolytic activity. 

TABLE 3. CONDITIONS FOR INACTIVATING THE LIPASE IN 
BRAN BY HEAT TREATMENT WITHOUT ·,-HE ADDITION 

OF WATER 

Trt•armt•nf 

Temperaruu 
(degreeJ Ce/Jius) 

100 
100 
100 
110 
110 
110 
120 
120 
120 

Time 
(minu/ef) 

IO 
15 
20 
IG 
15 
20 

5 
10 
15 

Source: Srimani. Chauopadhyay and Bose [46j. 

Rt•udual hpar: acm·in-
0 

1.04 (original br<!n) 
0.90 
0.34 
0.14 
0.97 
0.20 
() 

0.97 
0.41 
0.14 

0 Micro-equivalents of acid produced per minute per cubic centimetre of 
cn1yme solution. 

It should be pointed out that when using high temperatures there is a risk 
that the bran will be scorched and that as a result the oil will take on a 
permanent dark colour. This may occur when the treatment is carried out for 
I second at 250° C [ 45], for 15 minutes at 200° C or for 25 minutes at 160° C 
[ 13] and for several hours at 105° C [29]. It has been pointed out that 
prolonged heating at high temperatures reduces the quality of the oil (c:Jlour 
removal becomes difficult), and since bran scorches at temperatures over 
120° C and the oil gives off a burnt smell, a maximum temperature of 110° C 
has been recommended [33, 34]. Another disadvantage of heating at high 
temperatures for a prolonged period is that the bran oil begins to change as a 
result of oxidization. If the treated bran is not cooled down before it is stored, 
there is a risk of spontaneous combustion. 

/\ 
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It must also be pointed out that, provided enzymatic denaturation results 
from the process, high ~e.nperatures applied for very short periods, particularly 
to bran with a low moisture content, provide a very favourable environment for 
regeneration. 

Types of stabilizers in use 

In the study made by West and Cruz in 1933 [29], it is reported that the 
Philippines Bureau of Science had had a cooker installed for stabilizing bran. 
The apparatus was in the shape of a drum 100 cm in diameter and 40 cm high. 
The base and walls were surrounded by a steam jacket, wit!i an agitator located 
near the bottom to move the bran round. The same study describes a simple 
and rudimentary domestic procedure for stabilizing bran that will keep it in 
good condition for a week or more. The procedure consists in heating the 
freshly obtained bran in an oven over a low flame, stirring continually for an 
hour and afterwards putting the product into a hermetically sealed jar or glass 
bottle. In the 50 years that have elapsed since then, a variety of types of 
apparatus have been developed, specially designed to stabilize bran by heat 
processes that do not add water, and other devices already in use for other 
purposes have also been tested. All the types can be classified into four groups 
of basic apparatus, namely: conveyor or open drum; clr·;ed rotary drum; 
fluidized bed; and extrusion cooker (or .. extruder"). 

Stabilizers based on a conveyor or open drum 

Pe [28] reports on a plant installed io a mill in Burma that has a capacity 
of 5 tonnes a day. It consists of a dryer, fitted with a screw or scoop conveyor 
with a steam jacket, in which the bran is circulated in a thin layer for 
90-120 minutes and comes out with a temperature of not more than 110° C and 
a moi5ture content of about 4 per cent. The Pe paper does not indicate the 
holding time or the time required to reach the working temperature. When it 
comes out, the bran is cooled down to about 80° C and put into waterproof 
sacks. The storage life of the product thus treated is reported to be at least 
three or four months if there is no insect infestation. At the date of publication 
( 1971) the stabilizing unit described by Pe had not yet been put into use 
commercially. 2 

A stabilizer consisting of a screw conveyor, with mixing scoops, fitted with 
a jacket through which oil is circulated as a heating fluid is reported to have 
been designed in India [47]. The use of oil makes it easy to reach temperatures 
higher than 100° C and to circulate the heating fluid with a consequent saving 
in fuel. This particular model must, however, present some problems because it 
has not been introduced into industry. 

An experimental continuous stabilizer with a capacity of 8-16 kg/h, in 
which the gases produced by the combustion of husk are used for indirect 
heating of the bran, has also been reported [ 48]. It consists of a worm-gear 
conveyor, operated by a I-hp motor. The conveyor is housed in an underground 
masonry trench, which leads from the husk burner to the chimney. The 
combustion gases circulate through the free space between the trench and the 
walls of the conveyor, so heating the bran. 

1 A large number of industrial-size stabilizing units, somewhat different fwm the type 
described here, have recently been installed in Burma. 







,, 11111
28 11111~ 

:11111
2 

111112.2 
!li.l'.' 

I. I 
2.0 

111111.
25 

111111.
4 : 111111

6 

MICROCOPY RESOLUTION TEST CHART 
NII TrnN/\i fll HlE/\11 (]f ·; T/\N[lMlfJ'; 

•; T AN[lMl[l flf ff n~ N!:F MA Tf fl I Ai fr) rn .• 
u\N';I .tr1cJ 1·~n fF ';f r,HMH f-.J,, 7, 



t. 

Technology for the stabilization of rice brar. 169 

Stabil:zation tests have also been carried out on a fora~e-dehydrating unit, 
consisting of a rotary cylinder, in which the bran and the hot air circulate in 
parallel. With treatment temperatures of 110° C and 120° C and a retention 
time of about eight minutes, it is possible to reduce the initial moisture from 
9.8 per cent to 1.5 per cent. However, the treatment does not prevent the 
formation of FF A when the bran is stored in jute sacks and under ambient 
conditions (average temperature of 29° C and ave;age relative humidity of 
73 per cent). 

Kuppuswami [ 49] has reported on a stabilizer to be used in small rural 
mills, which has been designed, constructed and tested in India. The unit, with 
a capacity of only 5 kg, consists of a metal cylinder, fitted with a central axle 
which serves as a support and is used to make the drum rotate by hand. The 
axle has arms with scoops, which, as they rotate, move the bran round. The 
cylinder is placed over two or three small ovens that can burn rice husk. 
According to Kuppuswami, satisfactory levels of stabilization are achieved by 
maintaining temperatures close to I 00° C for sufficiently long periods of time. 

A similar idea has been pursued on a larger scale [30] with a simple portable 
manual stabilizer, batch-operating, with a 75-kg capacity. The stabilizer 
consists of a drum of galvanized iron sheet with a central axle, supported on 
two stands, fitted with a handle to make the drum rotate manually (see 
figure 2). The drum has a rectangular inlet for loading and unloading, and a 

(1) 

Key: 

(1) Steam vent 
(2) Thermometer 
(3) Feeding door 
(4) Holes for air draught 
(5) Grid 
(6) Ash-pan 

(2) 

Figure l. Manually operated stabilizer 
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Souru: Jaganmohan and others (30). 
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place for a thermometer to check the temperature of the bran. On one of the 
sides a vent allows the escape of steam and volat•les produced during 
treatm"nt. On a grid placed a few centimetres below the drum, rice husk, wood 
or any suitable agro-industrial waste is burnt to heat the bran contained in the 
drum. In order to carry out the operation, the bran, once loaded into the drum, 
is heated for between ha.If an hour and an hour at 90°-105° C; it is then 
unloaded and cooled to the ambient temperature, when it is ready for bagging 
and storage. The bran stans out with a moisture content of IO per cent, which 
is reduced to 5 per cent. The reduction of the treatment conditions to less 
stringent levels (0.5 hour at 90° C) does not, apparently, reduce its efficiency. 
The increase in the percentage of FF A after a week of storage (conditions not 
specified) is insignificant, but the lipase activity is not halted. Refining losses in 
the oil extracted from the original bran and from the treated bran stored for a 
week are comparable, as is the colour of the corresponding oils once these are 
neutralized and bleached (see table 4). 

TABLE 4. EFFECTS PRODUCED ON THE COLOUR OF THE 
OIL BY TREATING THE BRAN IN THE MANUAL STABILIZER0 

l.m·ihond colou,h 

f !.54 cm c.-1/J 

Bran t"e/1011· Red re//011 + 5 red 

Original batch No. I 9.5 0.9 14.0 
Batch No. I treated for one hour 

at I05° C. and stored 
for seven days II 1.5 11!.5 

Original batch No. 2 3.5 0.4 5.5 
Batch No. 2 treated for one hour 

at 90° C. and stored for seven days 3.0 0.5 5.5 

0 sec Jaganmohan and others 1301. 
boil neutralized and bleached according 10 methods prescribed hy rhe 

American Oil Chemists Society. 

The idea of combining the stabilizing unit with a source of energy based on 
the combustion of rice husk is very attractive. Indeed, it has been recommended 
by UNIDO (50, 51]. Figure 3 shows the layout of a stabilizer designed for that 
purpose (52], which did not, however, reach the construction stage. The design 
includes two screw conveyors, 22.8 cm in diameter, with a total length of 3.8 m, 
with heating jacket. The maximum total power is 4.5 hp. The combus~:on gases 
circulate through the jacket in the opposite direction from the bran circ,alating 
through the conveyors. Vents make it possible to remove the steam given off by 
the bran. Given an imput of 7S kg/h of bran, at 25" C and with a 12 per cent 
moisture content, the treated product would come out at !05°-1 J0° C with an 
8 per cent moisture content, with a retention time of 20 minutes. The source of 
energy would consume about 4 kg/h of husk. The flow diagram is summed up 
in figure 4. The treated bran must be cooled down to 70° C before being put 
into hessian sacks. 



Figure 3. Stabilizer using Indirect heat rrom jlHH produced by the combustion or husk 
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Figure 4. Flow diagram of a stabilization process using indirect heat from gases 
produced by the combustion of husk 

~ice husk 
4 kg/h 

\ 

Source of 
energy 

Bran 
75 kg/h 

Moisture content 12% 
Temperature> 25°C 

Combustion 1 gases 

300"C 
Treatment - 20 minutes 

,, 
Treated bran 

Moisture content 8% 
Temperature=- 105°C 

Gases from 
ing heat 

l 140"C 

-, Steam lost 
3.3 kg/h 

Source: Applied Scientific Research Corporation of Thailand [5:!). 

Salgado de Oliveira [52] has designed a stabilizing unit incorporating a 
band cooler (see figure 5). 3 The inactivator body is a horizontal metallic drum, 
with a steam jacket; the axle that passes through it, which is fixed to the drum, 
is driven by a suitable motor. The unit is designed to work continously. The 
drum has a belt conveyor inside, which mixes and at the same time circulates 
the bran towards the outlet end. The steam given off by the bran when heated 
l the heating flow temperature is 105°-110° C) passes out freely through the 
outlet valve. The treated bran is discharged directly over the cooler, which 
works by natural convection or, better still, with a small fan. 

Stabilizers based on a closed drum 

Viraktamath and Desikachar [36] have published the results of their 
stabilization experiments using a rotating drum, heated by electrical resistors. 
The apparatus was provided with a hermetic:llly sealed lid and devices for 
controlling temperature and pressure, as well as with a safety valve and steam 
vent. The drum was loaded with 20-25 kg of bran, the lid was then closed, 
leaving the moisture vent open, and the temperature was raised. The vent was 
kept open for two minutes after the steam started to push through in order to 
vent the air; it was then closed and the heating process continued until the 
thermometer showed a bran temperature of I W0 -l I 5° C. This temperature was 
maintained for five minutes, and then the vent was opened until the excess 
pressure was reduced to zero. When the lid had been raised, the bran was taken 
out and allowed to cool. The FF A content of bran, which was packed in cloth 
sacks and stored at 37° C and 70 per cent relative humidity, only increased the 
FF A content from 4 per cent to 10 per cent in 120 days. This was the only 
evaluation criterion used. 

'There are no reports of the unit having been constructed. 

' 
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Figun 5. Bran inactiwator combinrd with cooler 

Souru: Salgado de Oliveira [53). 

The basic idea of heating the bran in a sealed container has since given rise 
to a number of alternative solutions. One of these (see figure 6) [37] consists of 
a metallic horizontal cylinder, with a steam jacket and two hollow concentric 
axles, for heating with steam under pressure. The inlet for loading and 
unloading the bran has a lid suitable for hermetic sealing, fitted with a steam 
vent. The apparatus includes temperature and pressure indicators and safety 
valves. The cylinder revolves at 8 rpm, driven by a 5-hp motor. Operation is by 
loads of 200-250 kg.4 The operative function is identical to that described for 
the preceding stabilizer. The treatment is somewhat less drastic (five minutes at 
100° C instead of at 110°-115° C), but the complete operation, excluding the 
subsequent cooling, still requires about 30 minutes. The bran loses from 4 to 
5 percentage points of its moisture. The published data indicate that after 
70 days storage (in unspecified conditions) the FF A level of the stabilized bran 
was 4 per cent, that of the original bran being 2.8 per cent. The moisture content 
of the stabilized bran when storage commenced was 4.3 per cent, and this 
increased to 5.5 per cent in the course of one month. 

Lakshminarayan [54] briefly describes a similar unit, for which he gives the 
following data: (a) capacity, 0.8 m1, accommodating about 240 kg of bran; {b) 
thickness of the drum plate, 6 mm; (c) speed of rotation, 10 rpm; {d) motor 
power, 5 hp; {e) pressure in the inside drum, 5 psi for crude bran and 2.5 psi for 
parboiled bran;(/) consumption of steam per load, 30 kg at 40 psi; and {K) time 
required for the total operation, 45 minutes. 

'The authors have technical information available on unit5 wi1h a 500-kg capacity [J7). 
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Figure 6. Stabilizer from the Central Food Technological Research Institute (Mysore) 

Key: 

(1) Steam inlet 
(2) Air vent 
(3) Internal pressure gauge 

Souru: Ramanathan. Krishna and Sen (37). 

(4) Thermometer 
(51 Condensate 

(4) 

(6) Internal pressure gauge 

(5) 

Pillaiyar, Yusuff and Narayanasmy [38] have designed, constructed and 
carried out trials with a stabilizer also based on a sealed, horizontal, rotating 
(8-IO rpm) drum, with a heating jackc:t, which uses hot air as the indirect 
heating fluid (see figure 7). A central duct,5 passing horizontally through the 
inner drum, to which small metallic plates are rnldered, contributes to brtter 
heat transmission. The small plates facilitate the homogeneous mixing of the 
product, and prevent the formation of lumps, a common occurrence in bran. 
Instead of using ball-bearings, which wear out at high temperatures, they use 
guide rollers. The apparatus has an opening for loading and unloading, with a 
lid til,lt can be sealed hermetically: it is fitted with devices for temperature and 
pressure control, as well as steam vents and safety valve. It also has a butterfly 
valve to regulate the entry of hot air. The apparatus, which can work with any 
source of hot air, has been tested with success on the basis of a husk burner 
manufactured in India and a fan of 12.75 m1/min with a I-hp motor.6 The 
stabilizer takes about 150 kg of bran, leaving from one eighth to one quarter of 
the volume of the inner drum free to facilitate mixing during rotation. The 
operation involves loading the product, closing the lid hermetically, beginning 
the rotation, heating with the air vent open until the bran reaches 90° C, then 
closi~15 the valve and continuing heating up to I05° C, maintaining this 
temperature for five minutes and then, opening the vent until the internal 
excess pressure is reduced to zero, opening the loading mouth and unloading 
and allowing the bran to cool before bagging. With a load of 150 kg of bran, 

'01her possible models may have 1hree such lubes. 

•tnslead of lhe fan, a chimney 9 m 1all and 20 cm in diame1er supplies 1he flow of air needed 
for 1he burner. 
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and with an air inlet temperature of 240°-260° C. it takes 45-50 minutes to 
reach 105° C. running the apparatus continuously. The moi3ture loss during 
treatment ranges from 2.5 to 4.0 percentage points. The storage capability of 
batches of treated bran. with a final moisture content of around 6 per cent, is 
sati~'actory; the FF A content (the only characteristic mea~ured) barely 
increased from three to four months' storage in unspecified conditions. 

The stabilizer shown in figure 8 has a novel feature in that it incorporates a 
vacuum pump to speed up the elimination of moiMure from the bran. There are 
no reports on its use in industry. 

Fluidiud bed stabilizers using a stream of warm air 

The fact that enzymatic activity decreases considerably when the moisture 
content of the bran is reduced to very low levels (1-3 per cent) suggests that it 
might be possible to stabilize the product by drying it. In order to achieve such 
low levels of moisture without using lengthy treatment times or high 
temperatures that might damage the bran. some investigators have explored the 
possibility of drying the bran in a fluidized bed. This does not mean that. under 
different treatment conditions, the degree of stabilization achieved is not due 
partly to the reduction of moisture content and partly to actual inactivation by 
enzymatic denaturation. 

Srinivasa Rao and others, for example, have carried out a pilot plant study 
of the stabilization of bran in a pneumatic conveyor dryer [ 45]. The 
outstanding characteristic of this equipment is the extraordinarily short time 
the bran is in contact with the hot air that serves as a drying medium. The 
equipment used is shown in figure 9. It consists of a centrifugal fan operating at 
170 m3 /h that drives the air through a hole at 457 mm water gauge pressure. a 
12-kW electrical heater and an injector. The bran is introduced into the stream 
of hot air through the injector. The bran and air circulate through a thermally 
insulated column 75 mm in diameter and 7.75 m tall. The dried bran is 
separated in a cyclone. The performance data on this type of dryer are as 
follows: 

Capacity 
Evaporation capacity 
Initial moisture content of bran (dry basis) 
Final moisture content of bran (dry basis) 
Temperature of air at inlet 
Temperature of air at outlet 
Air flow at inlet temperature 
Ratio of air to bran 
Temper:tture of bran at inlet 
Temperature of bran at outlet 
Number of transfer units 
Height of column 
Height of ;ransfer units 
Diameter of c.:>lumn 
Type of energy used 
Energy consumption 

54.4 kg of moist product per hour 
3.63 kg of water per hour 
10. I per cent 
2. 76 per cent 
196° c 
111° c 
189 m3/h 
2.62 
27° c 
15° c 
0.981 
1.75 m 
7.93 m 
75mm 
Electricity 
3.321 kWh/kg of evaporated water 
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Figure I. Bran stabilizer 

J 
Compound puge 

VKUurnpump 
(optiONI) 

Switch board 

Souru: Scrvotech. Eng .• PVT. Ltd. 

Figure 9. Pneumatic conveyor dryer 

Key: (11) 
(1) Fan 
(2) Orifice plate 
(3) Pressure gauge 
(4) Heater (11) 
(5) Injector 
(6) Hopper 
(7) Vibratory feeder 
(8) Drying column ( 11) 
(9) Cyclone separator 

(10) Collector 
(11) Thermometers 

( 11) 

(7) 
(8) 

( 11) 

Souru: Srinivasa Rao an<I others (4S). 
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Bran has some c~aracteristics that make it unsuitable for fluidization; for 
example. it has a tendency to form ••channels" during the operation. The 
immediate consequence of this is th::-~ the temperature in the bed is not 
uniform. and the effects of the treatment. therefore. are also uneven. In order 
to overcome this disadvantage, Ramkrishniah. Sawarkar and Sen [35] used a 
slow-speed agitator. which breaks up the channels and improves fluidization. 
The equipment used is shown in figure 10. It consists essentially of a stainless 

Figure 10. Stirred nuidized bed deYice for the stabilization of rice bran 

Key: 

(1) Compressor 
(2) Pressure gauge 
(3) Measuring vent 
(4) Flexible connection 
(5) Grating 
(6) Distributor 
(7) Thermocouple 
(8) Thermocouple 
(9) Fluidizer 

(10) Thermocouple probe 
( 11) Agitator guide 
(12) Hopper 
(13) Pins 
(14) Motor 
(15) Agitator 
(16) l'riction guide 
(17) Steel sieve (150-mesh) 
(18) Panel with pressure gauges 
V, and V2: control v~lves 

(2) 

(18) 

Manometer panel board 

Stirrer details 

Sf'urce: Ramkrishniah. Sawarkar and Sen [35). 

(14) 

(11) 

stee column 7.5 cm in diameter and ~I) cm tall. fitted with an electric tubular 
heac exchanger, a 150-mesh screen which serves as a distributor at the foot of 
the column, a blade agitator 7 cm long and 0.5 cm thick, located 1 cm ab1Jve 
the distributor, and a small hopper. For an agitator speed of 60 rpm, the air 
speed required for the fluidization of 150 g of bran was 3.85 m3 /h. The 
equipment was tested at different times (2-10 minutes) and temperatures ( 105° C 
and 120° C). The effectiveness of the treatment, on the basis of the increase in 
FF A (the only criterion used) during storage (under unspecified conditions), is 
apparently satisfoctory. 

The low conductivity of the bran and the mixed size and shape of the 
particles make it difficult to heat a batch uniformly. In order to solve this 
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problem, which seems to be common to most of the conventional stabilization 
methods involving heat treatment, Kem Chand and Gupta and Bal, Savarkar 
and Bhati [39, 40, 55] have used a method for transferring heat in a fluidized 
bed combining dense and dilute phases. The particles in the dense pt-ase (made 
up of sand) are such that they cannot be transported in the stream of air but 
remain in a state of constant circulation in the zone of heat transfer. The 
particles of the dilute phase lmade up of bran), being lighter, are carried in the 
stream of air and pass through the dense phase, where they are heated 
uniformly. This system has the following advantages: (a) the coefficient of heat 
transfer is 3.5-7 times better than it is in a fixed bed column; (b) the particles 
have a greater opportunity to reach a uniform temperature; (c) the treatment 
time is shorter, and therefore the column is shorter too; and {d) the capacity of 
the equipment can be easily increased without any change in its dimensions, 
simply by increasing the amount of air and the number of calories supplied. 
The stabilizer in figure 11 was designed and manufactured in accordance with 
these principles. It consists of a column 5 cm in diameter and 1.8 m tall, fitted 
with electrical resistances fl.Ir heating.7 A fan supplies air at a maximum 
pressure of 5 cm water gauge, the flow being regulated by a butterfly valve as 
required; the flow of air is made uniform by means of a Venturi tube !n which 
the reduction is from 5 cm to 2.5 cm. A cyclone separates the bra11 as it leaves 
the column. Sand 0.5-1 mm in diameter is loaded from the top, and the air 
speed is adjusted in order to keep the dense zone stable. The bran is loaded at 
the base of the column, through a small hopper in the suction zone of the fan. 
The bran is retained in the column for 30-70 seconds. According to the authors, 
the maximum rates of heat transfer are obtained by using a column 5 cm in 
diameter and 150 cm tall, sand particles 0.4-0.5 mm in diameter and an air 
speed of 3 mis; working continuously, the stabilizer can raise the temperature 
of the bran from 25° C to 120° C in a single pass, with a capacity of 0. 72 kg of 
bran per minute; according to the authors no sand is entrained to damage the 
quality of the bran; the FF A content of bran treated at 150° C and stored 
under unspecified conditions for a cycle of four weeks increased from 3.3 per 
cent to 5 per cent. This was the only parameter evaluated. The authors 
recommend three passes at 150° C for more effective stabilization. 

Extrusion cookers 

The extrusion cooker (or extruder) transforms the mechanical energy of a 
pressure screw into heat by means of the friction and shearing that occur when 
a granular product is compressed and forced to pass through a hole. It cons.:sts 
essentially of a screw, a body, a die, a feed device, a supply of energy and a 
drive unit with the corresponding control mechanisms. 

Williams and Baer [56] used a machine of this type, of United State.; 
manufacture, to stabilize bran, although water was added. Subsequently, 
Viraktamath and Desikachar [36] used an "expeller" press of Japanese 
manufacture for the same purpose and, more recently, a number of researchers 
(Lin and Cater [42]; Pablo and Sangalang [57]; Mukhopadhyay [58], 
Bhumiratana [59]; Harper and others [60]; Sayre [61] and Enochian and Qt hers 
[62]) have explored the possibilities of the Brady Crop Cooker, manufactured in 

'Twelve i,000-watt healers were used. 
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Figure 11. Fluidized bed stabilizer with combined phasesa 
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the United· States of America, while Cheigh and · •thers from the Korean 
Institute of Science and Technology (KIST), have experimented with the MFM
KIST extruder, manufactured by the Institute, using an original design by the 
Meals for Millions Foundation (MFM) of the United States [41, 63] Cheigh 
aiso tested a laboratory Bonnot extruder [41]. Although there are some other 
more or less similar types of extrude-rs, they do not seem to have been used for 
the stabilization of bran. 

Extruders have been widely used in recent years for the preparation of 
pre-cooked foods based on mixtures of cereals and legumes or oil seeds. Some 
of the functions they perform are equally suitable for use with bran, for 
example, heat inactivation of enzymes and enzyme inhibitors with a 
phys1ological action, destruction of micro-organisms and insects in order to 
achieve a hygienic product and prolonged storage of the extrudates obtained, 
because of their low moisture content. The extruders operate at a temperature 
ranging between 80° C and 155° C, although the most suitable temperatures 
seem to be around 110° C [36]. It must be pointed out, however, that the 
retention-time is very brief and that the product completes the greater part of 
its journey along the screw before reaching the maximum temperature, 
exposure to the highest temperatures taking place only along a very short 
section of the extruder (see figure 12). Despite this, the effoct on bran enzymes 
can be considerable. Cheigh [41] succeeded in reducing the peroxidase activity 
of the bran to 3.1 per cent of the original value, with a retention-time of 
18 seconds and a temperature (at the die) of 155° C in a laboratory extruder, 
and to 20.8 per cent, for the same length of time, at 130° C in an MFM-KIST 
extruder (see below) with a 100 kg/h capacity (table 5). 

As a result of the reduction in pressure when the bran leaves the extruder, 
coupled with the high temperatl!re of the bran, moisture is lost as the water 
suddenly evaporates. Lin and Cater [42] have evaluated the loss in terms of the 
temperatures of the bran on leaving the extrusion cooker (see figure 13). Cheigh 
[41] has published data on a laboratory Bonnot extruder (see table 6). 

The Brady 206 Crop Cooker has an extruder screw 15 cm in diameter and 
1 m long, 8 connected directly to the axle of the agricultural tractor that drives 

TABLE 5. EXTRUSION COOKERS: EFFLCTS OF TEMPERATURE AND RETENTION
TIME ON THE MOISTURE CONTENT AND PEROXIDASE ACTIVITY OF RICE BRAN 

Type of Ou/et temperature 
e.t1ru.1im1 c·ook er (dl'l(r,·p.1 Cel.riu.1) 

Bonnot 121 
Bonnot 138 
Bonnot 155 
MFM-KIST 130 

Source: Chcigh [ 41 J. 
0 0riginal moisture con1en1 I I. I per cent. 

horiginal pcro~idase ac1ivi1y 100 per cent. 

Time 
(.recmrdr) 

18 
14 
18 
18 

Moi.rture content 
(percentaf(e)0 

9.2 
!1.5 
7.0 
8.1 

ReHC/ual 
pao ndau 

actintr 
fpc•rcrnta:r(c'i 

45.I 
23.I 
J. I 

20.!I 

1The extruder screw measures 12. 7 cm in diameter and 86.4 cm in lengr.h. The screw has a 
constant pitcl: of 3.81 cm and fits into a jacket fitted with three "breaker bars" [64). 
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Figan 13. Extrusion cooker: moistun losses of ria bna at diffettat tem~ratarn 
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it. The machine includes a hydraulic oil system with hydraulic pump, oil tank, 
control valve and hydraulic motor. This motor turns a small worm which 
meters the product from the feed hopper to the inlet of the extruder. Using the 
control valve, the metering rate can be varied from 0 to 50 rpm, regulating the 
volume of product fed to the machine; the valve helps to control the treatment 
temperature and the load capacity, depending on the power of the tractor. The 
product is forced from one end to another of the extruder screw by the rotor, 
which turns at 500-1,200 rpm, depending on the power of the tractor. The 
temperature of the product rises noticeably as it approaches the outlet end. 
This consists of a cone 16 cm in diameter, which fits into a fixed housing, both 
of which are replaceable. The gap between the rotating cone and the fixed 
housing can be varied in order to modify the extrusion temperature. The shape 
of the extrudate is not determined by the periphery of the rotating cone. Some 
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TABLE 6. PRODUCTION CAPACITY. TREATMENT TEMPERA
TURE AND CONSUMPTION OF ENERGY DURING THE EX

TRUSION OF RICE BRAN 

Production 
(/;i/o~ramJ ~r hovr} 

110 
145 
167 
188 

Our/rt SfNrific conJumprion 
1emtwra1ure of mert.1· 

(deKrttJ Ce/JiW) (kilora·au hourJ fN' kilo.r:ram} 

146 0.040 
140 0.038 
133 0.037 
131 0.038 

.\"01,•: Bran was extruded through ;a 4-mm die. 
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of the units work with a 100-hp electric motor and others are fitted with diesel 
units but the majority, as mentioned earlier, are coupled to 65 to 130-hp 
tractors [65). There are now some 30-hp models. 

The parts that wear out most quickly are the cone and the housing. Bran is 
known to be a particularly abrasive by-product, especially in its dry state, but 
its actual effect on the life of these two parts has n0t apparently been 
determined. With other products, including cereal grains, legumes and seeds, 
depending on the contents and type of impurities, the parts can cope with 
weights varying from about lO tonnes to over 500 tonnes before wearing out. 
The presence of dust, dirt and sand accelerates the rate of wear. The rotor is 
also subject to some wear and tear [65). In some similar machines it is advisable 
to install a magnetic separator to eliminate metallic impurities before they enter 
the extruder screw. 

In the Brady 206 model, two control devices regulate the temperature of 
the extrusion cooker. The first is the cone adjustment handle, which regulates 
the discharge opening and influences the dwell time and the input of energy. 
The second control regulates the feed of the product to the extruder [64). 

The type of extrusion cooker described above is simple to operate. Once it 
is going, all that needs to be done is to feed the bran into the machine and to 
regulate the outlet. In order to ensure that the working conditions arc correct, a 
certain amount of the product must be put through the machine for pre
heating. To stop the machine, the outlet cone is opened as far as possible, 
allowing the temperature to fall without shutting off the bran feed. There is no 
need to strip down the machine for cleaning, but care must be taken to sec that 
no bran is left inside [64). 

Considerable attention is being given to the improvement of the Brady 206 
extruder. Jackson [66) has pointed out that some characteristics of the machine 
need to be modified in order to facilitate its maintenance in hygienic 
conditions, to avoid blocking t!iJ the area between the feed thread and the 
extrud.:r screw, and to reduce wear on the latter. The Brady 206 was originally 
designed to work intermittently on farms. For it to be able to work 
continuously under industrial conditions, Harper and others [60) have 
recommended several modifications, for example to the lubrication and 
transmission systems. Smith, Kcllerby and Tribelhorn have advocated the use 
of stronger materials for the screw-thread and the cone that regulates the 
discharge [67]. 
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Mukhopadhyay [58] has reported having stabilized parboiled rice bran 
with satisfactory results. using the Brady 206 at outlet temperatures of 104°-
1490 C. The only criterion was the rate of formation of FFA, and this remained 
at under 0.5 per cent when the bran was stored for a month at an unspecified 
temperature. During that time the moisture content ranged from about 3.5 to 
5.5 per cent. Bhumiratana [59] reports having arrived at similar results by 
processing the bran at temperatures between 77° C and 110° C; again. he did 
not specify the conditions under which the bran was stored. 

Working in the Philippines, using the same kind of machine, Harper and 
others [60] processed three commercial types of bran without any difficulty. 
These were the common or coarse type, which is a mixture of bran. husk and 
milling residues, the medium type. containing a small proportion of husk and 
the fine type, without husk. the size of the particles varying from 60 to 80 mesh 
(250-177 µm). The bran was processed at various temperatures (from !38° C to 
171° C) at a rate of 295 kg/h. The higher temperatures used made it necessary 
to work with a very narrow gap in the outlet, thus causing the feed to clog. The 
addition of I per cent water (the moisture content of the bran is not indicated) 
facilitated the operation, but made it impossible to exceed a temperature of 
141° C. Details are not given of the effects of the treatment on the stability of {) 
the bran. The authors point out the abrasive effect to the bran on the extruder -.... 
screw, which became highly polished in the course of the operation. The 
extruded bran was in the form of chips measuring about 6 mm in diameter. 

Lin and Cater [42], working with an extrusion cooker driven by a 100-hp 
tractor, treated bran with :i 9.3 per cent moisture and 18.8 per cent oil content 
at various temperatures from 104° to 152° C and evaluated the effects by 
determining the residual peroxidase activity and the increase in FF A during 
storage under well-defined conditions. The samples treated at i 22° C or above, 
packed in waterproof polythene bags, showed no increase in the FF A at all 
after 23 days of hermetic storage at ambient temperature (23°-28° C), during 
which time the moisture content was maintained at below 6 per cent. 
Subsequent storage of the bran, for a period of four extra days, at 35° C and 
I 00 per cent relative humidity, in open containers, produced an increase in the 
FF A of samples treated at temperatures be!ow 132° C, but not in those treated 
at a higher temperature. Details are not given of any more prolonged storage. 
During the four extra days the moisture of the samples rose to 12.0-12.5 per 
cent. The residual activity of the peroxidase in bran extruded at 132° C was 
about 30 per cent (see figure 14). 

In a subsequent investigation, Pablo and Sangalang [57], confirmed that 
when bran was extruded at 138° C, the moisture fell from 11.9 per cent to 5.54 
per cent and the treated product, packed in polythene bags at 29° C for 80 
days, showed no increase in FFA. 

The MFM-KIST extrusion cooker [41] consists of an extruder screw 
63.5 mm in diameter, with constant thread pitch. The body of the machine is 
divided into three areas and has no cooling or heating devices. The inner 
surf ace of the body has four flanges, which run parallel to the longitudinal axis. 
The machine is driven by a 30-hp motor and is fitted with a three-speed 
gearbox. The technical characteristic! of the machine [41] are summarized 
below: 
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Main motor 
Bran feeder motor 
Electrical supply 
Transmission 

Speed of screw 

Diameter of the screw 
Maximum production capacity 
Length X height x width 

1,750 rpm, 22 kW (30 hp) 
1,710 rpm, 1.5 kW (2 hp) 
220 "·three-phase, 60 Hz 
(I) I: 11.5 
(2) 1:6.5 
(3) 1:4.0 
(I) 150 rpm 
(2) 273 rpm 
(3) 430 rpm 
63.5 mm 
80-IOO kg/h 

200 x 200 x 190 cm 

Figure 14. Extrusion cooker: inactiutioa of peroxi~ at different temperatures 
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Treatment of the rice bran at 130° C. with a total dwell-time of 18 seconds 
wii.hout the addition of water, reduced the peroxidase activity to 23 per cent of 
its original value. The treated bran, however, with 8.1 per cent of residual 
moisture ( 11. l per cent in the untreated bran). packed in cotton sacks and 
stored at 30° C and 87 per cent of relative humidity, doubled the FF A content 
in less than three weeks from the original 8 per cent. 

A different model (KIST-EO 3030-100), with a capacity of 150 kg/h, has a 
screw 100 mm in diameter, which revolves at 600-1,000 rpm dri"en by a 30-hp 
motor in a body with four parallel grooves. The addition "f water is noc 
required. The consumptior! of energy, in terms of production capacity and the 
extrusion temperature, as the bran leaves the machine is given in table 6. The 
temperature falls as product!on increases, and the consumption of energy 
increases as the temperature rises. Extrusion reduces the moisture content of 
the bran from 13.8 per cent to 6-9 per cent depending on the temperature, and 
has a marked inactivating effect on the peroxidase. At 130° C. residual 
peroxidase is only 16 per cent of the original amount, the bran so treated 
showed a markedly lower tendency to form FF A. After two weeks' storage at 
32° C and 75 per cent relative humidity, however, the FF A content increased 
from approximately 9 per cent to 14 per cent. Other characteristics of the 
extruded bran used for thr extraction of oil (dealt with elsewhere) were also 
reported to be favourable. 

Heat stabilization with the addition of water 

Some stabilization processes call for the addition of water to the bran. 
generally in the form of steam. The steam has a dual role: (a) as a means of 
heating the bran, with a high coefficient of heat transfer; and (b) as a means of 
increasing the water activity in the bran and reducing the thermo-resistance of 
the enzymes and the micro-organisms that they contain. These two aspects have 
not always been taken into account when steam has been used. As a result, 
·.vhile in many cases a rapid transfer of heat has been achieved with an 
acceptably uniform temperature, hydration has been slow and the distribution 
of moisture uneven, and thus very different results have been obtained in 
treatments involving a similar ratio of time to temperature. 

It seems logical to classify the processes into those that arc designed to 
obtain a thorough mix of bran and steam and those that arc not. 

Any process that treats the bran while still on the grain, with or without 
husk, constitutes a special case. 

Classification of processes 

In the following sections, therefore, processes based on treatment with 
direct steam arc classified into three types: (a) stabilization of the bran while 
still on the rice, before milling; (b) stabilization of the bran in a fixed bed; and 
(c) stabilization of the bran in a moving bed. In the latter case it is useful to 
distinguish processes operating at normal pressure from those that use 
extrusion cookers. 
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Stabilization of the bran on the grain, before milling. by direct steam treatment 

Roberts and others [68] and Houston, Hunter and Kester [69] report that 
the treatment of recently harvested paddy with steam at 100° C, for one minute, 
is sufficient to prevent the formation of FF A in the husked rice with a 13 per 
cent moisture content when stored for 15 days at 25° C. Lipase activity, 
although not precisely determined, was considerably reduced. Viraktamath and 
Dcsikachar [34] obtained similar results not only for recently harvested paddy. 
with a 20 per cent moisture content, but also for paddy with a 12-14 per cent 
moisture content. None of these authors succeeded in completely checking the 
formation of FFA when storage extended beyond 10-15 days. Nevertheless 
after treatment for 5 and 10 minutes, the increase in FF A when the product 
was stored for 80 days at 37° C was significant. 

Many alternative ways of parboiling [70. 7 I] ha vc been shown to destroy rice 
enzymes. The degree of inactivation depends on the cu'lditions under which the 
processing is carried out and particularly on the steam treatment. Nawab Ali and 
Ojha [72] have pointed out that, in general, the different methods of parboiling 
rice use steam saturated at 1-5 kg/cm2 for the treatment of soaked paddy, and 
treatment times vary from 2-3 minutes for loads of small size to 20-30 minutes for 
larger loads. In view of the high moisture content of the rice when undergoing 
steam treatment, 2-3 minutes would probably be enough at an actual temperature 
of 100° C to inactivate most. if not all, of the enzymatic activity of the grains. 
Viraktamath :md Desikachar [36] determined the effects of different methods of 
parboiling, ming the conditions specified in table 7. The bran obtained from 
parboiled rices proved to be reasonably stable. Its FF A content (the only 
characteristic evaluated) was maintained at between 3 and 5 per cent during 
50 days' storage at 37° C (humidity not indicated). Similar results were arrived at 
by kngar and others [73] for bran with an 8 per cent moisture content, packed in 
glass bottles, derived from parboiled rices prepared by different processes 
(table 7). It should be noted that the bran from rice parboiled under pressure 
(table 7, process No. 7) was, by comparison, more stable. 

In industrial practice, and indeed generally, the results obtained are not as 
a rule so satisfactory, although, with modern methods of parboiling, bran with 

TABLE 7. PROCESSING CONDITIONS FOR PARBOILING RICE SPECIFIED IN BRAN 
SUITABILITY STUDIES 

Prou.u No. Soakin.r( 

I At cold temperatures. 72 hours 
2 At cold temperatures. 72 hours 
3 At cold temperatures. 72 hours, 0.1 per cent 

potassium dichromate 
4 At 45°·50" C, 24 hours 
5 Al 70" C. 3-3.5 hours 
6 At 70" C. 3-3.5 hours 
7 IO minutes with steam at atmospheric pressure 

l.mKth of .llt'am trt'atmt'nt 

10 minutes, at atmospheric pressure 
Not specified0 

Not specified0 

10 minutes. at atmospheric pressure 
10 minutes. at atmospheric pressure 
N 01 specified0 

20 minutes at 0.356 kg/cm2 

followed by 5 minutes 
at 1.758 kg/cm 2 

Sourrt': l"or processes Nos. I. 4 and S. Viraktamath and Desikachar [J6); for processes Nos. 2. J, 6 and 7. 
lengar and others [73). 

17 Probably until the glumcs have opened. 
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a 14 per cent moisture content may sometimes be maintair:ed for a fortnight in 
the winter with a 2-4 per cent FF A [74]. 

There may be several reasons for poor storage properties in parboiled rice 
bran, the following being the most important: (a) insufficient heat treatment, in 
which the required ratio of time to temperature is not reached (sometimes the 
steam injection time may be very short), or uneven steam treatment, which docs 
not affect all the grains of rice equally; (b) storage of parboiled paddy in 
conditions favouring contamination and the formation of micro-organisms that 
produce lipase: this can occur during drying or storage; (c) contamination of 
the bran by micro-organisms producing lipase and the growth of these under 
favourable conditions. Viraktamath and Desikachar (36] have reported a 
specific case in which insect inf cstation of bran stabilized by heat treatment in a 
scaled container, without the addition of water, was the principal cause of the 
increase in FF A. 

It should be noted that the stabilization of bran is not even considered to 
be a secondary aim of parboiling and is only a fortuitous result of the process, 
which is therefore frequently carried out under inadequate or unsuitable 
conditions. It would not seem to be too complicated a matter to adapt these 
conditions so as to inactivate the bran and avoid recontamination, and this 
would greatly facilitate storage. 0 

Stabilization of bran by direct steam treatment in a fixed bed 

Different authors have encountered widely varying conditions for stabiliz
ing bran with steam in a fixed bed (table 8). While in some cases satisfactory 
results are obtained by subjecting the bran to 100°-105° C temperature for 10-
15 minutes, others require 118° C for 30 minutes or 134° C for 1 hour. The 
apparently divergent results are probably due to i.he causes mentioned in the 
previous section. The moisture content of the bran during heat treatment can 
also make a great difference. Because of the lack of data on what are very 
important parameters, no valid interpretation can be made of the results. 

Stabilization of bran by direct steam treatment in a moving bed 

The processes that use direct steam treatment to stabilize bran do so by 
adding water to the bran either at normal or at high pressure by means of water 
or steam injection. Both methods result in a thorough mix of steam and bran, 
which is of the greatest importance, since it increases the transfer of heat and 
the speed of hydration of the bran and facilitates a uniform treatment of the 
whole mass. Not unsurprisingly, most authors have recommended very similar 
processing conditions (table 9). In general, about three minutes' exposure to 
direct steam at normal pressure is sufficient to inactivate the bran enzymes. An 
increase in the moisture content of the bran of 3-5 percentage units is assumed, 
but this may be counteracted by subsequent drying to restore the initial 
moisture. Some authors recommend that the moisture content of the stabilized 
bran should be reduced to 3 per cent (44] or 2-5 per cent [33]. If, however, the 
enzymes have really been inactivated by the treatment (which must be 
demonstrated by subjecting the bran to the appropriate chemical analyses), the 
precaution only results in higher processing costs and, in all probability, 
acditional deterioration of the useful components of the bran. Admittedly, 

...... 
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TABLE II. RECOMMENDED CONDITIONS FOi< THE STABILIZATION OF RICE BRAN BY DIRECT STEAM TREATMENT IN A FIXED BED 

.'411roda''I' 1rra1mr111 

Trmprra111rr 
(JrJ(Tt't'J 

C r/Ji11J) Timr 

121 2 h 

134 I h 

11!! 30 min 

105 10 min 

128 7.5 min 

1ooa 15 min 

100 20 min 

Bran brd 

On trays 

On trays 

3 cm layer 

3 cm layer 

0.5-1 cm 
layer 

In cylindrical 
tank with 
conical 
bot1om; 
central tube 
steam 
injection 
250 kg bran 

us1cam ill a1m·>~phem: pre~sure. 

Rl'murh 

Additional drying 
for I h at 60" C 

Initial moisture 
content 11.30 per 
cent 

In laboratory 
conditions 

In pilot plant 
Additional drying 

Additional drying 
in sto\'e until 
< 10 per cent 
moisture content 

Temperature of 
bran on leaving 
95"-97° c 
Increase in 
moisture 2-3 per 
cent 
Additional drying 

Sturuiw 

At 21° C, no increase in FFA: 
After 41 days with 13.7 per cent moisture 
content 
After 13 days with 14.6 per cent moisture 
content 
After 7 days with 26.4 per cent moisture 
content 

Moisture content 11.11 per cent 
In polythene bags at ambient temperature
no increase in FF A after 50 days 

In hermetic tins-no increase in FFA 
after 15 days 

Moisture contrnt 8-10 per cent 
In cloth sacks at ambient temperature 
20°-30° c 
40-90 per cent relative humidity 
6.5 per cent FFA after 50 days 

In cloth sacks 
At ambient temperature 23°-32° C 
51>--JO per cent relative humidity 

FFA < 10 per cent after 80 days at 37° C 

Moisture content 6.11 per cent 
FFA =I 0 per cent after 25 days 

~-

Rrfrrt•nrr 

Loeb and Mayne [43) 

Sidhom, El-Tabey Shehata and Mohasseb [32) 

lengar and others [73) 

Ratanapunvorakul and Hermans [75) 

Hermans, Pichitakul and Bhuntumkomol [76] 

Viraktamath and Desikachar [36) 

Viraktamath (77] 
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TABLE 9. STABILIZATION OF RICE BRAN BY DIRECT STEAM TREATMENT IN A 
MOVING BED 

Conditions 

Tr111prra1urra Timr R.-111arl.:.1 Rrsu/u Rr/errnet" 

100° c 15 min Bran temper:aurc M = 6 per cent. Viraktamath [77] 
(for I t) on exit 95°-97° C FF A = to per cent 
8 min Increase in M. in 15 days 
(for 250 kg) 2-3 percentage 

units 
Additional drying 

100° c 3 min Increase in M. Total inactivation Srimani and others [H. 34) 
1.5-2 percentage of lipase 
units 
Additional drying 

l00° ca 4.5 min Increase in M. Maintains FF A Burns and Cassidy [78) 
3-5 percentage at acceptable levds 
units for at least 
Additional drying one month 

100° ca 2.5 minh Increase in M. Total inactivation Ba~ber and others [92) 
7-8 percentage peroxidase 
units 
Additional drying 
to M = 12 per cent 

100° c 3 min Additional drying At M = 3 per cent. Yokochi [44) 
to M = per cent bran keeps for 

se\·eral months 

.\·nll': M = mois1ure con1en1. 

asteam al atmospheric press .. re. 

hFor a final moisture contenl of 15-16 per cen1. J minu1es .ire recommended. 

under industrial conditions, it is difficult to prevent microbiological con
tamination of the stabilized bran. On the other hand, the lower the water 
activity in the bran, the less risk there is that lipase-producing micro-organisms 
in the bran will multiply. In any case, the bran will have to acquire a moisture 
content that will be in balance with the environmental conditions and that must 
be maintained below the minimum level necessary for the rapid growth of 
lipase-producing micro-organisms. The use of extrusion cookers with water or 
steam injection [ 11, 56] calls for: (a) a very short dwell-time; (b) high pressures; 
and (c) immediate loss of part of the water content in the decomp.·ession stage, 
leading to expansion of the product. According to Williams and Baer (56] the 
conditions required to inactivate the bran are a moisture content of the bran to 
be extruded of 27 per cent, an internal temperature of 115° C, a final 
temperature of 82.5° C and a final moisture content of 23 per cent. 

Machines in use 

The stabilization of bran by treatment of the whole rice grain is merely 
incidental to the manufacture of parboiled rice, so no special machinery has 
been developed for the purpose. Neither has any specific ma '•inery been 
developed to treat the bran with direct steam in a fixed bed. Generally, the bran 
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has been heated in autoclaves or, on an experimental bas~s. in devices designed 
for other purposes [73, 77]. 

There are three basic types of machine for treating bran with direct steam 
in a moveable bed: (a) screw conveyors. conveyors with buckets or other 
mixing devices; (b) a fluidized bed; and (c) extrusion coolers. In each case the 
steam treatment is followed by a drying stage. 

Screw conveyors for direct steam treatment in a moving bed 

For direct steam treatment, screw conveyors [33, 77, 78, 79] or blade 
conveyors [78] have been used. 

Viraktamath [77] has carried out tests on an industrial scale, using 
conventional oil-mill equipment. In one case he used a conditioner with a 
capacity of I t/h, consisting of a cylinder drum fitted with a steam jacket, direct 
or of steam injector and bucket conveyors to circulate and mix the bran 

• simultaneously. In ar.other case he used semi-cylindrical condition~rs (I t/h 
and ·-~ t/h capacity). also equipped with a steam jacket, direct steam injector 
and bucket conveyors. Working continuously. the dwell-times were 15 minutes 
in the I-tonne units and 8 minutes in the 1/.i-tonne unit. The fi:ial temperature 
was 95°-97° C in all cases. During the treatment the moisture increased by 2-3 
percentage points but the increase was subsequently eliminated by drying and 
cooling in the shade. The bran, which was packed in jute sacks and stored in 
unspecified ambient conditions, showed an increase in acidity, but it took more 
than 15 days to reach IO per cent FF A. 

Burns and Cassidy [78] have patented a procedure for stabilizing rice bran, 
based on the use of a screw conveyor 30 m long, fitted with a hopper and with 
a small screw for feeding the material. In the first section of the screw, which is 
6.6 m long and thermally lagged, steam is injected at 100 lb pressure through a 
perforated tube. The moisture content increases by 3-5 percentage points, the 
bran having been subjected to 100° C for 11/ 1 minutes. In the second section, 
which is 20 m long and also thermally lagged, steam is injected and radiant heat 
provided in order to maintain the temperature of the product at 102°-104° C, 
the dwell-time being about 3 minutes. Finally, in the last section, which is 
about 3.3 metres long and equipped with a duct of ample draught to eliminate 
the steam, the product is allowed to cool down partially. The installation 
requires other ancillary devices (for example a dryer), which are not described. 

Yokochi [79, 80] has designed an installation for stabilizing bran (see 
figures 15 and 16) with the following characteristics: (a) feed system, equipped 
with bucket elevator, hopper and loading screw; (b) horizontal cooker, with 
steam jacket and direct injection of steam, fitted with agitator system; (c) 
horizontal dryer, with steam jacket, fitted with agitator; (d) horizontal dryer
cum-cooler, with steam jacket, fitted with agitator; (e) pneumatic conveyor with 
cyclone separator and hopper; (j) transmission systems; and (g) control 
systems. The bran is treated for 3 minutes in the cooker and then dried to 
reduce the moisture content from 14 per cent to 3 per cent, at which level the 
bran should then be stored. 

The design in figure 17 offers an alternative method. The system is 
composed of: (a) a cooker using direct injection of steam and a conveyor, with 
a retention-time of 5 minutes and an outlet temperature of 110° C; (b) a 
pelletizer; (c) an ele,·cttor; and (d) a column dryer with cooling chamber [81]. 
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Key: 

( 1) Elevator 
(2) Steam cooke.
(3) Dryer 
(4) Cooler 
(5) Cyclone 
(6) Fan 
(7) Hopper bin 

Rice bran: an under-utili=ed ra"· materh1/ 

Figurr IS. Dirttt stHm st:rbiliztt, with dryer and cooler 

Stabilized 
bran 

'· 

Souru: Yokochi (79). 

(5) 
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Figure 16. Bran stabilization unit being assembled 

Source: K. Yokochi [110). 
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(6) 
-1' 

~ 
Key: 

(5) 

(1) Cooker with direct 
steam injection 
and conveyor 

(2) Pelletizer 
(3) Conveyor 
(4) Dryer 
(5) Bran entry 
(6) Steam entry 
(7) Outlet for pellets 
(!!) Outlet for bran pellets 

Source: Banarjcc (81 ). 
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Figure 17. Altemr:tin type of stabiliur 
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Devices for direct steam treatment in a fluidized bed 

There is only one reference to a device that meets the specifications for 
treatment of bran with direct steam in a fluidized bed. This is the stabilizing 
unit developed by the Instituto de Agroquimica y Tecnologia de Alimentos of 
Valencia.9 The device is distinctive in that it uniformly and almost instantly 
humidifies and heats each of the discrete particles which make up the bran, 
keeping them constantly on a fluidized bed. Thus, under time, temperature and 
moisture conditions that can be easily regulated, every one of the bran particles 
is rapidly and totally inactivated. The installation consists basically of an 
inactivating unit, a drying unit and a cooling unit, together with control and 
other auxiliary and optional devices (see figures 18 and 19). The inactivating 
unit is composed of a metering hopper and the inactivator itself, with a 
fluidized bed. The hopper may be loaded by a pneumatic or other system. It 
can also act as a feed-regulating tank, when the stream of bran comes straight 
from the whitening cones. The inactivator includes a steam injection system 
with mechanical agitation for fluidization. It can also include a second, 
retaining, unit, consisting of a screw conveyo: will' steam jacket, to combine 
the treatment time with the feed capacity. The drying and cooking unit consists 
of a ducting and cyclone dryer, ducting and cyclone cooker, valves at the 
cyclone outlets, fans for the drying and cooling circuits and the necessary 
electrical drive motors. Figure 18 shows how the installation works. The feed 
cyclone (2) receives the bran and meters it out continuously to the inactivation 

9"Patrinato Juan de la Cierva", for scientific and technical research, Spanish patent 
No. 401.685 of 16 May 1974. 
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Figare 11. Stabilizer denloped by tile lmtitato de Ag1oqaimica y TKDOlogia de AlimNt-.; (IATA), 
asiag dirttt steam U. a Oaidized bed, with drytt and coolH 
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(3) Cyclone discharge valve 
(4) Valve motor 
(5) Hc.pper 
(6) Inactivation unit 
(7) Steam distributor 
(8) Screw conveyor 
(9) Steam jacket 

(H>) Hopper 
(11) Inactivation unit: motor 

and screw conveyors 
( 12) Screw conve\'or 
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(13) Drying duct 
(14) Drying cyclone 
(15) Cyclone discharge valve 
(16) Cooling duct 
(17) Cooling cyclone 
(18) Cyclone discharge valve 
(19) Outlet for inactivated product 
(20) Motor for valves of cooling 

and drying cyclones 
(21) Drying fan 
(22) Cooling fan 
(23) Equipment for the production 

of steam and hot air 

(21 

(41 

1231 

unit (6); in the latter, the bran receives a direct injection of steam, and this, in 
conjunction with the mechanical agitation system, maintains the product in 
perfect fluidization for 21/i-3 minutes at about 100° C, with a moisture content 
4-5 percentage points higher than at :he start. The inactivated bran is extracted 
continuously by the worm gear for drying. If the plant includes the optional 
retention unit (steam jacket) (9) the speed of the feed and the retr:ntion time in 
each phase can be adjusted. On leaving the inactivator, the bran is discharged 
into the dryer, where it is carried along by the stream of warmed air produced 
by the fan (21) in conjunction with the steam and hot-air equipment (23). In the 
cy.;lone ( 15), the dry powder is separated and extracted through the lower part 
of the cyclone. The fan (22) then drives the dry bran through the ducting ( 16), 
cools it, and afterwards collects it in the cyclone ( 17), from which it is extracted 
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Figun 19. IAT A stabiliz~r 

for storage, in sacks or in bulk, in moisture and temperature conditions similar 
to those at the point of entry. Figure 20 illustrates the variation in the nominal 
dwell-time and retention of bran in the inactivator in terms of product flow. It 
must be pointed out that the dwell-time does not vary linearly with the 
reciprocal of the flow-rate; the weight of the material that is retained increases 
appreciably with the growing flow-rate. Consequently, the dwell-time is greater 
for higher flow-rates, thus widening the operating range of the machine: 
155 seconds was s•.1fficient to destroy the peroxidase activity of the bran 
completely. 

Table 10 gives the operating details for an industrial prototype with a 
500 kg/h capacity. 
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Figarr 10. Stabilizatioa of rice braa usiag an industrial prototy~: retmtion° and nominal 
dw~ll-tim~h as a function of th~ rat~ of braa-now 

8 
... 
E 
«I .... 
QI 
0 

~ 6 .. 
c 
0 
"+; 
c 
CD ... 
CD .... 4 c 
«I .... 
m 

2 

.Q 

-;; 
"t:J 300 c 
0 

~ 
CD 

E 
~ 200 
CD 
~ 

"t:J 

0 
50 

Souru: Filo and othen (83). 

0 

Key: 
___ Total dwe:l-hme 

__ Dwell-lime in inactivating unit 

100 150 200 250 300 

Rate of bran-flow (kilograms per hour) 

0 Weight of bran re1ained in 1he inactivaling unil. 

hcalcula1ed according 10 1he equation OT ' .Hlf' . . W ~ing 1he weigh1 of hran relamc.-d 1n rhe inac1iva1ing 
uni1 lkgl and f 1he bran-now (kg/~). The dwell-lime in the oplional re1en1ion nod~ wa~ .lo ~. whence 1111al 
DT ·' .lO + (Mlf). 
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TABLE 10. STABILIZATION OF BRAN USING AN lNDUSTRIAL PROTOTYPE OF THE 
IAT \STABILIZER 

Clraractert.rtin of rtab1l1=ed br&1n 
Procernn.t ,·onditivn.' 

.\foi.t1ure Pem(idau acm·111.b 
f7o .. ·-rau Steam injected Ratio content" 
of bran into bran ofsr,·am (percenta.te. Stabilt=ed 

Run .\·o. ik.t/lr) fk.t/lr) lo bran .. -nbast.rJ Ra" bran bran 

290 34 0.117 11.9 12.2 0.00 
2 360 36 0.100 12.0 I0.6 0.00 
3 4IO 44 O.I07 12.7 11.2 0.01 
4 470 47 0.100 12.5 11.4 0.00 
5 5IO 55 O. I08 12.5 12.5 0.01 

S11urce: Fito and others [1131. 
"Initial moisture content of the bran: 12.2-IJ.2 per cent wet basis: d~·ing air at 115·-120· C: air-11.>-.. 

1.700 m'lh. 
bAbsorption units per gram of bran. wet basis. determined according to the mcth<><I used by \"cttcr. 

Steinberg and Ncison [82j. 

Extrusion cookers using water or steam injection 

In addition to the extrusion cookers described earlier, there are other types 
equipped with devices for injecting steam or water directly into the mass of 
material that is transported under pressure. Williams and Baer [56) have used 
one of these machines, a pilot model of the ••Expander" cooker, to stabi!ize 
bran. The machine had an inner diameter of about I I .5 cm and was about 
1.30 m long. The die had a single gap of 15.88 mm and the shaft revolved at 
216 rpm, driven by a 25-hp motor. The water injector was situated I m from 
the outlet and the steam injector was about 30 cm away from it. The freshly 
milled bran was fed into the machine through a system composed of a hopper 
and screw. conveyed about I 5 cm and then injected with water. After moving 
along about another 75 cm, it was injected with steam. Under the conditions 
specified by the authors, the bran acquired a moisture content of close to 25 per 
cent and reached a temperature of about I 15° C on combining frictional heat 
and the heat introduced by the injected steam. The fall of pressure when the 
bran was discharged led to rapid vaporization of the water (which had remained 
liquid under the high pressure inside the casing) and expansion of the product 
bran. The bran lost up to 25 per cent of its moisture content with instant 
cooling, and was finally dried to the required moisture level in a suitable dryer. 
Typical data on the stabilization of bran with this type of extrusion cooker are 
summarized below. 

Feed specifications 
Moisture content of the bran, 9 per cent 
Load capacity, S.8 kg/h 
Injection of water, JO kg/h 
Injection of steam, 4.S kg/h 

Expansion specifications 
Moisture content of the bran, 27 per cent 
Inside temperature, I IS° C 
Temperature on discharge, 82.S° C 
Production, 72.S kg/h 

' 
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Product specifications 
Moisture content of the bran, 23 per cent 
Density in bulk, 400 kg/m1 

Coefficient of expansion, 1.24 

101 

Figure 21 illustrates a typical installation of this type. Plants with a 
capacity of 9-270 t per 24-hour day, or even larger, arc available. 

F.pn 11. Extnsioa cooktt 11Si11c dirttt iajedioll of stea• ud llot wattt 

Rica bran 

Other models have been designed, constructed and tested on an experi
mental basis [ 11, 83] but there arc no reports of their having been used in 
industry. Fil ho, Germany and Melo [ 11] have described an extrusion cooker for 
the stabilization of bran that also uses direct damp steam (see figure 22). It is 
composed of a cylinder with a double wall for indirect heating, 120 cm long, 
with an inside diameter of I 1 cm, with water and steam injection valves. At the 
points along the shaft where the thread is interrupted, bars are fixed on the 
cylinder to break up the mass. The extrusion cooker has a die with six vents 
5 mm in diameter. The shaft revolves at 100 rpm and is driven by a 20-hp 
motor. In the experiment, the initial moisture content of the bran was 11.7 per 
cent, which was raised to 14 per cent in order to increase the machine to 
efficiency. The temperature before the bran left the machine was about 100°-
1100 C. The moisture content of the bran when it left the extrusion cooker was 
reduced to 12 per cent, so for satisfactory storage the bran then had to be dried 
until the moisture content reached 9 per cent. 
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Fipn 22. Expttimnital extnasioa c:oobr llSiag dinc:t steam iajtttioa 

Key: 
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Criteria for the evaluation of stabilization methods 

The ultimate object of stabilization is to convert bran into a durable 
product, under normal ambient and storage conditions, preserving as far as 
possible the good qualities of the original product. The most important way of 
evaluating stabilization methods, therefore, is to measure the quality of the 
stabilized product and determine to what extent the objectives pursued in the 
process have been attained. The adaptation of the method to industrial 
requirements and availabilities is another criterion, which may have either a 
technical or an economic basis. In some cases, the two aspects are closely 
related, so that the one cannot be separated from the other. 

The concept of quality embraces such aspects as: (a) the stability of the 
treated bran; (b) the degree of retention of the desirable properties of the 
untreated bran; and (c) improvements in other functional prop~rties of the 
bran. 
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Criteria for evaluating the stability of treated bran 

The most important criteria for evaluating the stability of treated bran are: 
(a) moisture content and temperature; (b) residual enzymatic activity; (c) total 
count of micro-organisms and. in particular, of moulds producing lipase: 
(d) other causes of biological change; and (e) storage life. 

Moisture content and temperature 

In order to ensure satisfactory storage, moisture content and temperature 
must be kept below critical values. A product is said to be in a .. dry .. or .. safe .. 
condition [84] wheri it has a moisture content at which. taking into account the 
likely range of temperature to be experienced during storage and transport, 
there is no risk of appreciable metabolic activity of the grain itself. nor of 
attack by moulds or other micro-organisms and other pests. The moisture 
range for which there is a minimal risk of change varies according to the 
condition of the consignment of bran, and depends on the temperature and 
duration of storage. In general it may be assumed that a .. safe .. moisture 
content is below the level at which it is in equilibrium with a relative humidity 
of 65 per cent. If a stabilization method requires that the treated bran should 
have a lower moisture level to be effective. the stabilization will not be 
adequate. 

In a consignment of bran, the periodical changes in the relative humidity 
of the atmosphere particularly affect the surf ace layers. If the consignment is a 
large one, the relative humidity of the interstitial air inside is chiefly controlled 
by the initial moisture content and temperature of the st?.hilized bran. The 
relative humidity and moisture content gradients are determ1 _d by continuing 
differences in the temperature between the surf ace and the inside, caused by 
changes in the external temperature or in:ernal heating. The moisture migrates 
to the coldest area, and so raises the moisture content of the bran in that area. 

High temperatures in the treated bran can lead to oxidative reactions in 
the fats during the storing period, and if the bran is stored without cooling 
there is a risk of spontaneous combustion. Furthermore, if cooling takes place 
quickly, without ventilation, the relative humidity of the interstitial air 
increases dangerously. 

To sum up, therefore, the temperature of the bran at the end of the 
stabilization process should be as close as possible to the ambient temperature 
and the moisture content should be somewhat lower than the one that would be 
in equilibrium with the 65 per cent humidity relative to the ambient 
temperature. Other" 1!;e, the bran should be subjected to additional stages of 
drying or cooling, anrJ these must be incorporated into the overall stabilization 
process if the latter is to be acceptable. 

Residual enzymatic activity 

In bran tho.: is adequately stabilized, the lipase activity must be nil. While 
this condition is necessary, it may not be sufficient, as other harmful enzymes 

/\ 
./ 
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may remain at functioning levels of activity. As has been indicated elsewhere. 
peroxidase is the most resistant of all known vegetable enzymes. Therefore, 
determination of the peroxidase activity gives a good indication of the degree of 
inactivation of the bran. If the peroxidase activity is nil. the others. including 
the lipase. will also be nil. 

The methods for determining lipase in bran consist in evaluating the acidity 
developed when the bran. or better. an aqueous extract of it. is allowed to act on oil 
or a fatty acid ester under controlled conditions. In one method [85] the bran is 
defatted with hexane at 25° C. is then extracted with distilled water, and an aliquot 
of the extract. after centrifuging. is made to react with Tween 2010 at pH 7 .2; the 
pH is readjusted periodically with alkali for 30 minutes. and the lipase activity is 
calculated from the volume consumed. The activity is expressed in units of lipase 
per kilogram of bran. a unit being the quantity of lipase which catalyses the 
formation of a milli-equivalent of acid per minute. In another method [46]. based 
on the procedure established by San Clemente and Vadhera [86]. the extract 
containing the enzyme is prepared directly from the undefatted bran by vigorously 
agitating it with water at 4° C; an aliquot of the extract. after it has been through 
the centrifuge, is allowed to act for 24 hours on an aqueous emulsion of refined 
olive oil at pH 8 and 35° C. The fatty acids thus liberated are evaluated with alkali. 
after adjustment of the pH to 8 6, on the sample and on a blank. The lipase activity 
is expressed as micro-equivalents of acid produced per minute per cubic 
centimetre of enzyme solution. 

The method used by Vetter, Steinberg and Nelson [82] to determine 
peroxidase activity gives good results. It is based on colorimetric determination 
of the colour developed by the o-phenylendiamine oxidized by the enzyme in 
the presence of hydrogen peroxide. An aqueous extract of the enzyme is 
prepared using a phosphate-citrate buffer, and to an aliquot of the filtrate is 
added o-phenylendiamine and hydrogen peroxide. allowing it to react for 
5 minutes at 25° C. The reaction is halted with bisulphite and the absorption of 
the sample is measured against a blank. With bran, there is no interference 
from starch. so the solutions are perfectly clear. which simplifies the test. 

The absorption curve of the oxidized colour shows a peak at 430 nm. The 
colour developed by the oxidized o-phenylendiamine follows Beer-Lambert's 
law. The peroxidase activity is expressed in units of absorption per gram of 
bran. A simplification of this method. in which the spectrophotometric 
measurement is replaced by visual comparison of the sample and the blank in 
Nessler tubes, makes it possible to detect very quickly the pressure of 
peroxidase in the bran. Since it is easily able to distinguish between activated 
and inactivated bran. this method is very useful for in-plant control of 
stabilization in industrial processing. 

It must be noted that the determination of FF A during storage is not an 
adequate measurement of the effectiveness of the stabilization procedure. In the 
first place, it takes a very long time. In the second place. the development of 
FF A depends on many factors, some of which are exogenous and occur after 
stabilization. On the other hand, the FF A content is a good index of the fitness 
or suitability of the storage conditions. 

10Soluble ester of lauric acid and polyoxyethylenated sorbitan. The use of this water
soluble substrate avoids the difficulties usually presented by other methods that use water-oil 
systems, since the degree of dispersion of the substrate is an important factor. 
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Total count of micro-organisms and lipase-producing moulds 

Very little information is available on the parallel destruction of enzymatic 
activities and micro-organisms, and, in particular, on the typical bran flora to 
be found in different rice zones and on the identity and incidence of lipase
producing moulds, the heat-resistance of their spores etc. Nevertheless, under 
the conditions in which peroxidase is destroyed in the bran, the microflora are 
reduced to such low levels that there is no danger of deterioration, provided the 
moisture and temperature conditions are kept within safe limits. 

Determination of the microbial count, particularly moulds, in the 
stabilized bran is very useful for evaluating a particular stabilization method 
under certain local conditions, at least until some familiarity with the 
microflora peculiar to the area has been gained. 

Other causes of biological deterioration 

Deterioration in the bran can also be caused by other living organisms, of 
which insects and mites are the most important. However, the conditions neces
sary for the inactivation of peroxidase, in particular by heat treatment, exceed the 
levels of resistance of any of the vegetative forms of these organisms. These 
biological causes can acquire special significance when specific agents are 
employed to destroy the enzymes, and their possible presence ought to be taken 
into account. 

Storage life 

The criteria for evaluating the stabilization process are not independent of 
each other but closely interrelated. An industrial batch of bran may have 
considerable residual lipase activity, but if its moisture content is maintained at 
a low level and there is no biological infestation, it will have a long storage life. 
On the other hand, under industrial conditions, the factors that determine the 
success of the stabilization process may only approximate the safest and most 
favourable extreme values, for example, if the residual microflora are at a low 
level but have a definite potential for growth. A combination of circumstances 
determines whether or not the residual levels of micro-organisms, moisture and 
enzymes arc operative and how long the storage life of the bran will be. Lastly, 
the usefulness of the process also depends on whether there is any possibility of 
the bran being contaminated during subsequent operations, after it has been 
treated to destroy the causes of change. The cooling of the treated bran is a very 
risky stage. The air is a favourable vector for contamination; bran acts as a 
filter, retaining a large proportion of the micro-organisms and insects contained 
in it. Changes in the temperature and relative humidity of the environment also 
play an important role. 

The storage life of the treated bran may be predicted from the values of the 
characteristics specified below (criteria (a) (i)-(iv)), taking into account :he risks of 
recontamination and local environmental conditions. While some knowledge has 
been gained of the influence of these factors, storage tests are advisable. To be of 
any use, they must satisfy two conditions: first, the characteristics determining the 

--- ------------------------------------------------------
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potential stability of the stabilized bran must be known: and secondly. all the 
environmental conditions that influence the stora1;e life of bran must be con
trolled. A third condition. which is optional but strongly recommended. is that 
the test conditions simulate as far as possible the conditions prevailing in industry or. 
should that already be the case. that they make it possible to predict with reason
able certainty the behaviour of the bran under local condi1i0ns. Specialized biblio
graphies list numerous tests that have been done on the storage of treated bran. but 
they are not of any great use since they do not meet the above conditions. A very 
common practice in evaluating the value of a stabilization process is to carry out a 
simple storage test. in which the development of FF A-the only index of quality 
considered-has been followed and compared in both the treated sample and the 
original sample. The difference between the two is of little practical significance. 
and the values acquired by the treated sample depend on factors that are not 
controlled: initial lipase activity. recontamination. increase in moisture content 
during storage. temperature fluctuations etc. The value of this information also 
depends on the size of the sample. the type of container and the circumstances in 
which the bran is stored. Results obtained with samples of 250 g packed in small 
cloth sacks and kept under laboratory conditions, which are generally not 
specified but are supposedly hygit:nic and ventilated. cannot be extrapolated to 
those obtained under industrial conditions. They do not make it possible to 
predict the behaviour of the same bran in batches of several tonnes. packed 
in jute sacks, probably re-used, and stowed in a warehouse with limited 
ventilation. 

In short. storage tests. far from being the simplest way of evaluating the 
value of a stabilization process. are a complex procedure and many variables 
must be taken into account and controlled if the tests are to be of any use. On 
the other hand, it is strongly recommended that they be carried out in order to 
determine the fitness of any new stabilization process under local conditions. 

It is suggested that the following factors should be taken into account: 

(a) Characteristics of the stabilized bran; 11 

(i) Residual lipase activity; 12 

(ii) Mould count; 
(iii) Presence of insects; 
(iv) Moisture content; 
(v) Temperature; 

(b) Environmental conditions and means of storage: 
(i) Relative humidity; 

(ii) Temperature; 
(iii) Lighting; 
(iv) Ventilation; 
(v) Type of container and stowage; 

(vi) Size of sample; 
(vii) Characteristics of the premises in which the bran is stored. 

''The con~ignmenl must be analysed to ensure 1ha1 these charac1cristics arc homogeneous. 
1
lResidi:al lipase ac1ivity docs no1 need to be determined if lhr peroxidase activi1y is nil and if 

I here is no evidence of lipascs of bacterial origin tha1 are more 1hermo-rcsistant than peroxidase. 
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Criteria for evaluating the loss of valuable properties 
in the bran during stabilization 

~07 

The most important existing application of commercial stabilized bran are 
as a source of edible oil and as an ingredient in f ceding-stuffs. Among the most 
promising possibilities are its use in the manufacture of foodstuffs. and 
probably also as a raw material for certain pharmaceutical products. For each 
of these purposes, bran possesses some natural qualities which it is importanr 
to preserve. and which must therefore be controlled. The absence of toxicity is 
a prerequisite for all applications in foods or feeding-stuff. 

Bran used as a source nf :?dib/e oil 

In evaluating the loss in quality during stabilization when bran is used as a 
source of edible oil, the chief criteria to be taken into account are: (a) total 
yield of oil; (b) speed of extraction; (c) behaviour of the crude- oil during 
refining, particularly the ease with which it can be decolorized; ( d) particle 
size. 

It is very important to know the total yield of crude oil. Before and 
immediately after the stabilization treatment, similar values are generally 
obtained. 

Speed of extraction and particle size are important attributes, and the 
known stabilization procedures involve the use of conditions that may well 
have either a positive or a negative effect on those qualities. Granulation of the 
bran and expansion of the granules during stabilization by extrusion can 
eliminate the subsequent need to pelletize the bran in order to avoid the 
problem of fines and improve the speed of extraction. 

It is al:;o important to know how the oil behaves during the decolorization 
process. Some methods of stabilization, such as heat treatment without the 
addition of water, darken the oil. They are said to ''fix" the colour. The 
pigments are relatively easy to eliminate with the use of neutralization and, in 
particular, decolorization treatments; the highly coloured products of degrada
tion. which are largely responsible for the darkening and poor colour. are, 
however, very hard to eliminate. Therefore, it is more important to measure the 
colour of the decolorized oil than that of the crude oil. under simulated 
industrial conditions. The colour differences of the crude oils do not always 
correspond to those of the decolorized oils. The oil. once decolorized, must 
satisfy the same quality specifications as oil extracted from crude and 
untreated bran if the bran has just been manufactured and is suitably refined. 

The colour of the oil is generally measured with a Lovibond Tintometer 
[87], comparing the colour of the bran oil (placed in a glass column 154 mm 
long and 19 mm in diameter and filled to the 133.35 mm mark) with the colour 
of several .itandard glasses, in three graduated series: yellow, red and blue. 
Generally. a combination of the red and yellow glasses is enough; the blue 
glasses are necessary only if the oil has a green tinge. The red glasses are 
standardized against the Priest-Gibson N colour scale. The yellow glasses are not 
standardized. since the human eye can only detect relatively large variations in 
yellow. and when comparing the colour of the oil sample the colour need only 
be approximated to obtain a satisfactory compario;on with the red glasses. 



208 Ric~ bran: an und~r-utiliud r11M· mat~rial 

For bran oil, as for most oils, the depth of colour may be satisfactorily 
expressed in terms of ••red" units. The Lovibond system for measuring colour 
is not suitable, however, for highly coloured oils or for colour other than red 
and yellow. 

The colour of the oil may also be measured spectrophotometrically, and 
this method is widely used in investigations and in routine control of 
production. The spectral transmission of the oil at 525-550 nm is not only more 
reproducible than the Lovibond red values, but is usually related to them. The 
American Oil Chemists Society (AOCS) method determines the optical 
absorption of the oil at wavelengths of 460, 550, 620 and 670 nm, in cells with a 
21.8 mm inner diameter. It uses the following equation to calculate the 
photometric colour, which approximates the colour expressed in Lovibond red 
units: 

Photometric colour= l.29A~611 + 69.7A~~o + 4.12A,,~0-56.4A,,~0 
where A is the absorbency [88]. 

From the industrial point of view, some additional characteristics of the 
stabilized bran may be worth considering, inasmuch as they can reflect negative 
aspects of the stabilization process. These include the product's predisposition 
to oxidative reactions during storage and handling. Stabilization under certain 
conditions can cause a significant loss of tocopherols, with their anti-oxidant 
properties. This, in association with low moisture levels and the presence of 
oxygen in the large volume of interstitial air, encourages oxidative changes in 
the fats of the treated bran. Furthermore, in some machines stabilization can 
lead to the formation of particles of greatly varying sizes, even, occasionally, 
large lumps, which make it difficult to handle the product. In proce~ses 
involving the use of chemicals the possibly harmful or unpleasant effects on 
workers who handle the treated product should be borne in mind. 

Bran used as an ingredient of feeding-stuffs 

The value of bran as an ingredient of feeding-stuffs lies in its calorific 
value, its protein value and its vitamin value. The relative importance of these 
three components depends on whether the bran is used in the formulation of 
compound, nutritionally well-balanced feeding-stuffs or whether it is used as a 
normal component of an animal diet that is not scientifically formulated, as is 
the case with rural feeding. In the first case, the vitamin content is not of 
overriding importance, as the bran is not used in place of vitamin additives; in 
the second ca;;e, however, it may be important if the daily vitamin requirements 
of the animal can only be met by retaining the vitamins in the bran. In this 
sense, thiamine and the tocopherols are important. Both are sensitive to heat, 
and severe heat treatment can result in significant losses. Thiamine is destroyed 
f:\y the action of S02• 

It is not likely that the energy value of the bran will suffer significant losse:; 
in any of the known stabilization· processes.' 3 

1 'Some authors have suggested 1ha1 the extraction of fats could be a means of increasing the 
stability of bran. Defatting cannot, however, be regarded as a stabilization procedure, quite apart 
from !he fact that acidification of the residual fal continues lo be a problem in defalled bran and it 
has been pointed out that heal treatment is necessary lo arrest the process [89]. 
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The protein value of the bran depends on two main factors: the total 
concentration of proteins and the distribution of the amino-acids that make up 
those proteins. The proportion of the protein swallowed that is actually 
digested and absorbed is largely determined not only by the protein ration, in 
terms of its composition in amino-acids, but also by the availability of the 
amino-acids. Stabilization processes, and particularly heat processes, are not 
expected to affect either the concentration of proteins of the bran or its amino
acid composition. Depending on the severity of the treatment, however, they 
can reduce the availability of some of the amino-acids. The available lysine is a 
good index of amino-acid retention during stabilization. Lysine is sensitive to 
the necessary conditions of enzymtic inactivation and, above all, is a limiting 
amino-acid in bran. Moreover, acceptable chemical methods for determining its 
presence are available. 

The available lysine can be determined by the direct fluorodinitrobenzene 
method known as Carpenter's method [90] as modified by Booth [91 ]. The 
procedure involves converting the lysine residues with free r.-amino groups in 
the proteins into yellow 2,4-dinitrophenyl derivatives by treating them with an 
alkaline solution of l-fluoro-2,4-dinitrobcnzene (FDNB). The dinitrophenyl 
derivatives of other a-amino-acids are soluble in ether (except when derived 
from a-arginie), and are eliminated by extraction with this solvent, the 
absorption rate of the residual aqueous phase being measured afterwards. The 
interference of the dinitrophenyl derived from a-arginine is corrected by 
making the r.-dinitrophenyl derived from the lysine react with methyl 
chloroformate (methoxy-carbonyl chloride), which gives rise to a compound 
that can be extracted in ether. The dinitrophenyl derived from the a-arginine 
remains in the aqueous phase, and the absorption is again measured. The initial 
reading minus the final reading gives the quantity of available r.-lysine present 
in the bran. 
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VI. The storage of rice bran 

Storage in practice 

Rice bran is a product which. under normal conditions, deteriorates rather 
rapidly and must therefore be stored for as short a time as possible before being 
used or sent for subsequent industrial processing (mainly for the production of 
feedstuffs and the extraction of oil). In practice, however, circumstances vary 
greatly from one area to another and the time that elapses between production 
of the bran in the mill and its consumption or use in a later process may vary 
from a few hours to several months. In many rural areas, the bran is produced 
in a small local mill, sold or distributed daily. and consumed the same day or 
within 48 hours. The same is true of i~1tegrated extraction plants combined with 
large mills. In other areas, however, located far from the production centres, 
such as those of Bombay, the bran being processed has been produced several 
months earlier. It is collected in small batches from small village mills by 
intermediaries, transported some 200-400 kilometres, and distributed to the 
extraction plant as soon as possible, and then quite possibly several more days 
will elapse before it is processed. Thus, even taking into account the fact that 
the miller, the intermediaries and the users try to keep delays to a minimum, in 
practice the bran will still have to be stored. Because of the instability of the 
product itself, major changes will occur even in a short storage period. 

Because bran is a by-product, it has to be dispatched or consumed quickly, 
and the technology is still at an early stage, storage is generally somewhat 
haphazard. After passing through the whitening machines, the bran is left to 
accumulate, sometimes just in a heap on the ground, or is transported to a 
store or silo in the larger mills. 

Bran stored in silos usually creates problems because of its tendency to 
cake and so clog the outlei. It is often possible to see dents in the wall of the 
silo or store near the outlet, caused when workers have banged the surf ace with 
sticks to force out the bran. 

From the store or silo, the bran is discharged directly into lorries for 
transport in bulk. In many areas of the world, the bran is usually handled and 
transported in sacks. The sack is an important factor because of its economic 
and social implications in terms of labour and because of its role in preserving 
the bran. 

Factors that influence changes in the bran 

A consignment of bran, in indu:;crial and commercial practice, is a very 
complex ecosystem. It contains the germ of the seed, which retains its 
respiratory and germinative capacity. It also contains fragments of tissue with 

1 /(j 
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large numbers of highly active enzymes. Its cellular structure is largely 
destroyed. allowing its constituents to establish contact with one another and 
with the oxygen in the large area of interstitial air that it occludes. Ti1e 
microbial content is generally high. Bran is also a carrier of insect eggs or 
various adult species of insects. The internal and external biological activities 
~nd chemical reactions that may occur will depend upon a number of factors. 
The most important of these are: (a) moisture content; (b) temperature; 
(c) time; (d) composition of the interstitial atmosphere; and (e) physical and 
chemical characteristics of the bran particles and their interrelationships. 
Moisture (in terms of both relative humidity and water activity) plays a 
fundamental role, and without an adequate knowledge of this role, the 
behaviour of bran during storage cannot be properly understood. This study of 
the changes that take place in the bran will therefore start with a study of the 
role of water. 

The role of water: sorption isotherms 

Molecules of water can form hydrogen bridgcs: 1 (a) between other water 
molecules, to form the aggregates characteristic of the liquid state or the 
crystalline structures characteristic of ice; and (b) with polar organic groups 
(-OH, -COOH, -NH) (sec figure 1). The latter are frequently found in bran; 
starch and sugars, which arc the main constituents of the by-product, are 
characterized by the large number of hydroxyl groups present, and proteins, 
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another major constituent of bran, also contain a large number of polar and 
ionic groups in their amino-acid side chains (-OH. =NH. -NH2, -NHCNHNH 2, 

-COOH. -CONH 2). all of which are capable of being linked through the 
formation of hydrogen bonds. Water can also form structures around non
polar groups (=CH. =CH2, -CH 3) for which it shows no affinity: the polar 
groups. connected to water through hydrogen bonds, force the non-polar 
groups into water-free zones within the macromolecule. The affinity of a 
biological material for water depends upon the ratio of the number of polar 
groups to non-polar groups, on its accessibility and on its orientation. 

The affinity of water for bran is shown graphically by the so-called 
sorption curve (see figure 2). The curve represents the quantity of water 
adsorbed by a substance (bran) at a constant predetermined temperature (hence 
the term .. isotherm"). as a function of the relative humidity of the atmosphere 
in equilibrium with the product. It is also possible to express it as a function of 
the activity of the water or of the equilibrium vapour pressure. The water 
activity a,.. = plp0 is a function of the relative humidity at equilibrium with the 
product (RHE); where p is the vapour pressure exerted by the water in the 
substance at a predetermined temperature, and p0 is the saturation vapour 
pressure of water at the same temperature. There is a different meaning for a,. 
and RHE: RHE refers to the gaseous and a,.. to the condensed phase. 

The typical sorption isotherm is in the form of a sigmoid. It has three 
well-defined sections: one in which a,.. is between 0 and approximately 0.10, and 
in which it is assumed that the water molecules are strongly bonded at the free 
and accessible polar centres; a second section, in which a,. lies approximately 
between 0.10 and 0.65, corresponding to the straight part of the plot. and in 
which it is assumed that the molecules of water attach themselves to the 
preceding ones or to the polar centres that are made accessible by the structure 

Figure 2. Typical sorption and desorption isotherms for rice bran (hypothetical) 
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of the substrate; and a final section with a,.. values of over 0.65 and with a 
marked slope, which suggests the accumulation of additional molecules of 
water in secondary and tertiary structures of the macromolecules, also as a 
result of capillary and osmotic effects at high a,.. values; in this area, the water. 
molecules possess high mobility. As reported by Multon and Bizot (I], Guilbot 
and Lindenberg [2] demonstrated that the difference in order between the 
sigmoidal section and the prolongation of the straight section (the shaded area 
in figure 3) represents the fraction of the adsorbed water retained by low energy 
bonds with solvent properties. The ordinate of the straight part extrapolated to 
a,..= l represents strongly bonded water, without solvem power. 

Fagure 3. Sorptioa cane showing tile presence of solnnt water 
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The sorption and desorption curves do not coincide (sec figure 2). The 
latt~r moves towards the origin of the co-ordinates. The moisture content 
corresponding to a given relative humidity may have one of two values, 
depending upon whether the material is gaining or losing moisture. At the same 
RHE, bran, like other cereal products, has a higher moisture content when it is 
being dried than when it is acquiring moisture. This phenomenon, known as 
hysteresis, may represent differences of 1-2 percentage points in the moisture 
content for any given RHE value. In some cases it will thus be important to 
know whether the data ref er to sorption or to desorption. 

If, instead of considering a single temperature, a range of temperatures is 
considered, a series of isotherm curves is obtained (see figure 4). The vapour 
pressure exerted by the moisture content of the product changes in such a way 
that the ambient atmospheric humidity represents an almost constant fraction 
of that of a saturated atmosphere at this temperature. As the temperature 
increases, the affinity of the bran for water decreases. Consequently, if the bran 
is heated it loses water and, conversely if it is cooled it absorbs water. 

Figure 4. Desorpcioa isolllerms for wlleat at dift'ereat temperatures 
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Under the cnnditions represented by the final section of the isotherm, 
beginning with a., values of around 0.75 and 0.80, storage will be risky. From 
this point onward, water will be available, and this can be used by micro
organisms, thus facilitating their proliferation. Above an a.,. value of 0. 75, 
moulds develop rapidly and produce heat, which will increase the possibility of 
deterioration. To avoid any risk of degradation, it is therefore necessary to 
keep a.,.. below 0.75. With some exceptions, no enzymatic reaction (except for 
lipase) and no major bacterial growth will take place without a minimum of 
solvent water. 

If the wrapping is not moisture-proof, the product can lose or absorb 
water; in the first case, there will be a loss in weight and, in the second case, if 
a.,. exceeds 0.75, there will be a risk of degradation. On the other hand, if the 
wrapping is moisture-proof, the weight-loss will be avoided but, if the 
temperature falls, the RHE will increase and, depending upon the amount, may 
give rise to condensation. Similar problems may also arise in products kept in 
stores and silos. Condensation on the walls or on the product itself will increase 
the water activity in that region and, for this reason, increase the risk of 
degradation. When the interstitial air is moved from a heated area to another 
and colder zone, as part of the natural convection circuit, it gives up its 
moisture to the product. These transfers of moisture are frequently the cause of 
mould and caking at the top of the pile of bran when it is stored in bulk. 

Temperature 

Temperature is just as important as moisture content for the storage of bran. 
It has an effect on all types of chemical reactions. The rate of~ chemical reaction is 
proportional not to the total number of molecules present but to the number that 
has the activation energy needed for the reaction: this activation energy depends 
on the temperature. The Arrhenius equation k =A exp (-AE/Rn relates three 
important factors: the rate of reaction (through the rate constant k), the 
activation energy E and the absolute temperature T (R is the universal gas 
constant). The equation indicates that the relation between the k and the Tis of 
the exponential type, which emphasizes the effect of the T. The logarithmic 
form of the equation, 

-£ I 
log k = 2.303 R x T + log A 

indicates that the logarithm of k is inversely proportional to T. The Arrhenius 
equation thus requires that the graph of log k against /IT should be a straight 
line. Reactions in food products generally meet this requirement over an 
intermediate range of temperatures, although they show deviations at more 
extreme values. When log k is plotted against J/T, the slope of the line equals 
-£/2.303 R. and from this the activation energy E can be readily calculated. 

To express the effect of temperature on the rate of enzymatic reactions it is 
usual to employ the term Q 10, which is defined as the ratio of the rate of 
reaction at tempenture T + IO to the rate of reaction at temperature T. and this 
has a value close to 2, which indicates that the rate of reaction approximately 
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doubles for every rise in temperature of 10 K, at least over intermediate 
temperature ranges, where the reaction time does not produce any significant 
degradation. 

In many rice-growing regions, the ambient temperature reaches relatively 
high values, with maximum temperatures of over 40° C in the shade, within the 
intermediate temperature range. At these levels the changes in the rate of 
reaction brought about by the changes in temperature that can ocl-ur in 
practice are already considerable. Thus, temperature plays a decisive role in the 
chemical, enzymatic and biological changes in bran, which will be described 
later. 

Oth~r factors 

Although water and temperature activity are the most important factors in 
the changes that take place in the bran, together with the time available for the 
reactions to occur, others, such as the composition of the interstitial atmosphere 
and particle size, are also worth noting. 

Tht: composition of the interstiti&! atmosphere is important in respect of 
the availability of oxygen. Oxygen takes part in some enzymatic reactions: in 
purely chemical oxidation it determines the aerobic or anaerobic nature of the 
metabolism of the micro-organisms, and has a marked influence on the survival 
of insects. The concentration of 0 2, combined with the proportion of C02 or 
N2 in the atmosphere, provides a means of combating insects. 

Particle size has not been studied in relation to the reactions that 
characterize changes in the rice bran. It nevertheless plays an important role. 
Processing breaks down the natural barriers that protect the lipids from lipase 
in the caryopsis. The organized cellular structure of the external layers of the 
grain is destroyed, and friction of the particles causes the constituents thus 
freed to be brought into intimate contact. The surf ace area of the bran that is 
exposed to oxygen in the interstitial atmosphere favours oxidative reactions, 
which are only inhibited by natural anti-oxidants, the tocopherols, which are 
lost. In this context, the variations in particle size to be expected in industrial 
practice do not seem to alter the nature of the changes but only their rate: this 
may help to explain the considerable differences in the values published for 
certain types of change in bran. 

Thermal conductivity is also a factor to be considered. In bran it is very 
low and encourages the accumulation of heat (so facilitating the formation of 
thermal foci where changes take place). This lack of conductivity means that 
fluctuation, in outside temperature would not be very likely to reach the 
interior of bran stored in bulk, although bran is never stored in bulk on the same 
scale as rice. 

Causes of changes in the bran 

Changes in the bran can be of chemical, enzymatic or biological origin, the 
latter being mainly in the form of micro-organisms, insects and rodents. 
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Chemical reactions 

Under normal storage conditions purely chemical reactions appear to be of 
limited importance in the case of raw bran. Their importance may be more 
marked in bran from parboiled rice; this is particularly true of oxidative 
changes in the lipids in very dry media, since the presence of water provides 
some degree of protection. Maillard reactions generally require high tempera
tures or prolonged storage time. In the latter case, they may occur at 
temperatures above 20° C with a .. between 0.5 and 0.75, but at higher a .. values 
they are less likely [I]. 

Enzymatic reactions 

As has been shown earlier, bran contains a large number of active 
enzymes, of which the lipases are the most important fro111 the point of view of 
storage. The second most important enzymes, although they only have a 
secondary role, are the oxyreductases-lipoxygenase and peroxidase. The 
reactions catalysed by the lipases are of a hydrolytic nature (see figure 5). 

Free fatty acids are liberated as a result of the enzyme action. Lipolysis 
takes place only at the interface between water and oil. 

Water, in addition to acting as a substrate, also acts as a solvent medium 
tor diffusion of the enzyme, the reactants and the reaction products. It is 
not surprising, then, that most enzyme reactions only occur above the 
threshold at which solvent water appears, and as a function of the available 
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quantity of solvent water. Thus, in general, most enzymatic activities start to 
become apparent at a ... = 0.75-0.88. Lipase, however, acts at much lower levels 
(a ... = 0.20) (see figure 6). The explanation is that the substrate (oil). being a 
liquid, facilitates renewal of the contacts between enzymes and substrate. It 
should be noted that any increase in the surf ace area of the fat will bring about 
an increase in the rate of lipolysis. 

The action of heat on lipolysis, as on other enzymatic reactions, is twofold: 
at the kinetic level it accelerates the reaction, whilst at the protein structure 
level it inactivates the enzyme. Below the optimum temperature for rice 
lipases,2 any increase in temperature accelerates the rate of reaction. Above the 
optimum temperature, the denaturing effect is predominant, and the sub
sequent rise in temperature causes a decrease in the reaction rate. 

Lipolysis in rice bran is catalysed by lipases of two distinct origins: 
vegetable and microbial. The rice grain has its own lipolytic activity. It may, 
however, also contain lipases produced by micro-organisms. There are a 
number of such micro-organisms, and many are frequently found con
taminating rice. Although some of them produce intra-cellular lipases, most 
produce extra-cellular lipases. Moulds, which are the most important sources, 
include Penicillium, Aspergillus, Rhizopus and Mucor. Xanthomonas are among 

Fipre 6. Reaction rates in foodstuffs as a function of water activity 
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the most prominent lipase-producing bacteria. The microbial lipases are true 
lipases. since they are not inhibited by di-isopropyl fluorophosphate. Like the 
natural lipases. t?:J.ose of microbial origin hydrolyse various natural oils and 
fats. and this characteristic is used in analysing them. Not all substrates are 
hydrolysed at the same rate and to the same extent. however. and not all lipases 
have the same effect. The lipase from Rhizopus oligosporus and from Mucor sufu 
catalyse hydrolysis of the ester link in positions l and 3. while that from 
Aspergillus flavus also catalyses the link in position 2. 

Lipoxygenase (lipoxidase) catalyses the oxidation. by molecular oxygen. of 
polyunsaturated fatty acids which contain a cis. cis-1.4-pentadiene group. The 
acids of this type which are found in bran are linoleic (9, 12-octadecadienoic 
acid). linolenic (9.12.15-octadecatrienoic acid). and arachidic (5,8,11,14-eico
tetraenoic acid). Substrates for lipoxidase catalysis are in the form of either 
FF A or glycerides, although the reaction rate is faster in the former. The 
reaction results in the formation of an organic peroxide; one of the double 
bonds jumps to a conjugate position and the compound takes the form of a 
cis-trans-isomer. Hydroperoxides are the main products of the initial reaction 
with oxygen. They decompose rapidly to form radicals. which contribute to the 
chain oxidation reaction or form other products such as aldehydes, alcohols. 
ketones and acids (see figure 7). 

The peroxidase cataly~es the reaction ROOH + AH 2 - H20 +ROH+ A. 
It catalyses the peroxidative degradation of unsaturated fatty acids, giving rise 
to the formation of volatile carbonyl compounds, with their own odour, which 
contribute to the odour of the oxidized product. With some H donors. such as 
dihydroxyfumaric acid and molecular oxygen. peroxidase may hydroxylate the 
amino-acids tyrosine and phenylalanine. 

Both lipoxygenase and peroxidase have a destructive effect on a variety of 
food components, probably through the radicals that are generated by the 
decomposition of the hydroperoxides. 

Figure 7. Decomposition of hydroperoxides resulting from the oxidation of lipids 
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It is not easy to measure the state of oxidation of the oil. The peroxide 
index provides some indication, provided there is not hydroperoxide decom
position. The content of carbonyl compounds can also be employed, always 
provided that there have been no secondary reactions or vaporization. The 
tiobarbituric acid (TBA) index is not a good indicator in low moisture systems 
such as rice [6. 7) . 

Biological chang~s 

Micro-organisms, insects and rodents are among the more im:>ortant 
sources of biological change. 

Micro-organisms 

Bran, because of its origins and the method by which it is produ,ed. 
usually has a rich and varied microbial population. Nevertheless, only the 
moulds constitute a real risk of deterioration, when the bran is stored and 
handled in the usual way. Above a,. = O.?i>-0. 15. moulds multiply rapidly. 
particularly as the temperature rises (within the range 20°-40° C). Some mould 
spores may proliferate at a,.= 0.62 [I]. Figure 8 shows the usual limits for 

Figure I. Effect or temperature and relatiwe humidity oa certain species or mould 
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relative humidity and temperature within which some of the principal species of 
moulds found in bran multiply [8]. Figure 9 shows the physical limits within 
which some biological species grow. A knowledge of the conditions governing 
the growth of moulds makes it possible to predict the moisture levels at which 
the risk of deterioration disappears under prevailing temperature conditions. 

Mesophilic bacteria require a minimum aw value of 0.90-0.95 for 
multiplication; yeasts require 0.88 and bacteria and osmophilic yeasts 0. 70-0. 75 
and 0.62-0.65 respectively [I]. 

The composition of the microflora undergoes changes during storage, the 
pattern depending on the ambient conditions. Average levels of water activity 
encourage the multiplication of storage moulds (Penicillium and Aspergil/us), 
which persist at low aw values at intermediate temperatures. In modified 
atmospheres (vacuum, C02) the patterns are different and the moulds decrease. 
Bacteria also decrease, but some may grow at high humidity levels [I]. 

Figure 9. General limits of temperat11re ud relatin ••midity for tile maltiplicatioa of biological 
qeacies 
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One important consequence of the proliferation of micro-organisms in 
bran (or in the rice at an earlier stage) is the production of enzymes, which have 
been discussed earlier. 

Some typical mould flora arc capable of producing substances that arc 
toxic to both man and domestic animals (sec table 1). Under optimal 
conditions, some micro-organisms, such as Aspergillus flavus. may produce 
toxins within 24 hours. It is important to note that the mere presence of a 
species that will produce toxic metabolites in bran docs not mean that the bran 
itself will be toxic. First, not all varieties have the same capacity to produce 
toxic substanc~s and, secondly, the toxicity will depend upon the degree to 
which the micro-organism has developed in the produce. A large number of 
mycotoxins are known which produce different pathological effects (sec 
table 2). The scn~itiv!ty of animals to mycotoxins varies widely from one to the 
other: trout and duck, for example, arc very sensitive. In tests carrried out with 
doses from 0.5 to 4 g of aflatoxin 8-1, the degree of sensitivity of the subjects, 

TABLE I. MOULD FLORA CAPABLE OF PRODUCING TOXIC 
METABOLITES IN BRAN 

Sp«ies 

Aspergillus chevalieri 
A. candidusC 
A. nidulansC 
A. flavus-orizae< 
A.fumigatusC 
A. niger 
A. ochraceous 
A. glaucus 
A. wentii 
A. terreus< 
Penicillium citreo-viride< 
P. notatu,,,C 
P. is/andicu,,,C 
P. urticae< 
P. expansum 
P. italicum 
P. digitatum 
Rhizopus nigricans 
Rhizopus niger 
Fusarium sp.'" 
Alternaria sp.c 
Mucorsp. 
Absidia sp. 
Streptomyces sp. 
Sacharomyces sp. 
C/adosporium sp. 
Trichotecium roseum 

Key: +++ Frcquenlly found 
+ Less frequenlly found 
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0 Boller and Schroeder ( 10), lizuka [ 11) and Kura1a and ochers I 12). 
bHernandez and ochers ( 13, 14). 

'"Main species produc:in1 lo~ic me1aboli1es. 
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TABLE 2. SOME MYCOTOXINS PRODUCED BY MOULDS AND THEIR PA THO LOGICAL 
EFFECTS 

To xiii 

Aflatoxins 

Aspergillic acid 

Cojic acid 
Betanitropropanoic acid 

c .:uatocin 
Luteoskyrin 
Chloridopherous peptide 

lslandotoxin 

Citreo-viridin 
Patulin 
Fusarenone 
Nivalenol and 

Desoxinivalenol 

As~rgil/us /ltn'flS 

A.flavus 

A./laVllS 

A.flaVllS 

A. oc/rracrus 

Penicil/ium is/andicum 

P. islandicum 

P. islandic11m 

P. citreo-viride 

P. rxptlllS1Un 
Fusari11m nivale 

F. niva/e 

Sntttrd patltolOfical eff«ts 

Can cause carcinoma of the liver and kidney. 
proliferation of the bile duct. infUtration of 
liver fat in animals 

Antimicrobial and toxic to mice 
Antimicrobial and toxic to mammals 
Toxic to man and animals 

Can cause liver and kidney diseases in rats 
Can cause liver toxicity. haematoma 
Hepatotoxin. can cause hepatoma in animals 

Paralysis in mammals 
Antimicrobial, phytotoxic; rat carcinogen 

Inhibition of protein synthesis in mice 

Inhibition of DNA synthesis 

So11rc~: Food and Agriculture Orpnization of the United Nations [IS]. 

in descending order, was as follows: ducks, turkeys, geese, pheasants and 
chickens [9]. The climate of the rice-growing regions lends itself to the 
development of moulds, and the presence of mycotoxins in the bran must be 
foreseen. Very precise analytical techniques are now available, which allow the 
presence of mycotoxins to be detected at levels of one part per billion. In view 
of the impossibility of completely avoiding contamination by mycotoxins, 
tolerance limits in foods and feedstuffs have been established for some of these 
substances. 

Protection of the bran from contamination by moulds and mycotoxins 
must start with the rice itself. Contamination may be prevented most efficiently 
by: (a) harvesting the rice when it is fully ripened; (b) avoiding damage from 
machines when the rice is harvested; (c) drying the rice immediately after 
harvesting; (d) ensuring that the grain docs not get wet again; and (e) avoiding 
infestation by insects, which deposit and transmit moulds and their spores and 
form pockets of high humidity where moulds arc bound to grow [ 15]. The 
drying of parboiled rice in the sun, if done under unsatisfactory conditions, 
may give rise to serious inf cstation. Essentially the same control methods are 
used to prevent the bran from becoming mouldy; in other words, the product 
to be stored must be in a stable state, it must be stored under suitable 
temperature and humidity conditions that reduce the risk of contamination by 
insects or animal pests to a minimum, and it must be examined frequently to 
ensure that it remains in good condition and, if necessary, chemical means 
must be used to control pests. 

In practice it is not always possible to protect all consignments, so that 
some may become contaminated by aflatoxins or other mycotoxins. Although 
much effort has been devoted to developing methods for decontaminating grain 
and grain products, there is no efficient and reliable process that can be applied 
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to bran. The aflatoxins. being the commonest form of mould, have received the 
most attention, and it has been found that they can be only partially inactivated 
by heat (boiling at atmospheric pressure or roasting). Another alternative is to 
mix the mouldy and contaminated product with other ingredients, thus 
reducing the toxin concentration to tolerable levels; this method entails some 
risk. 

Insects 

Most of the insects found in both rice and bran have a four-stage growth 
cycle: egg, larva, pupa and adult. Each species has its own characteristic 
periods of development. But the ambient conditions (basically humidity and 
temperature) determine to a great extent how long it takes to pass from one 
stage to the next, provided that food is available. The weevil (Sitophilus 
oryzae L.) can complete the whole of its growth cycle in four weeks if 
conditions arc favourable. The confused flour beetle (Tribolium confusum J. du 
Val) at 32° C takes the same amount of time, but at 22° C the growth cycle 
slows down and takes some three months [16]. At temperatures below 15° C, 
egg-laying, incubation and development of the larvae are a slow and difficult 
process. The rates of development and reproduction increase as the tem
perature rises. but temperatures above 35° C are unfavourable. Insects 
reproduce more readily as the humidity increases. but only up to the point at 
which micro-organisms begin to intervene. The humidity requirements naturally 
diff cr from one species to the next. The weevil will not reproduce at moisture 
contents below 9 per cent. Because of the powdery consistency of bran, which 
makes its nutrients readily useable, insect life is tolerated at lower levels than it 
is in whole grain. 

Mention must be made of the cockroach (Blattel/a germanica L.. Blatta 
orientalis L. and Periplaneta americana L) since experience has shown that 
Blattel/a germanica, at least, is attracted to rice bran. Confirmed invasions by 
this insect have been detected in bran stabilization plants. Cockroaches carry 
dangerous micro-organisms and transmit others through their faeces, including 
species of Salmonella [8]. 

Changes in the composition and properties of bran during storage 

Changes that take place in the bran during storage are one of the most 
widely studied yet at the present time least known facets of the science and 
technology of this by-product. The principal use of bran is as a source of oil for 
food, but it has one essential disadvantage, namely the rapid development of 
FF A, which starts from the moment the bran is produced in the mill. For this 
reason, much of the very large amount of work carried out on the effects of 
storage has been limited to a study of the development of the FF A. 
Unfortunately, this is not the only disadvantage. In practically none of the 
cases studied have the factors and causes controlling the formation of FF A 
been taken into account. Similarly, many data are hard to interpret, let alone 
compare. The information available therefore provides a general picture of the 
actual situation, but is actually of limited value. 
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Colour, taste anti odour 

No systematic studies seem to have been carried out on the effects of 
storage on the colour, taste and odour of bran. Data on a storage experiment 
on raw bran packed in 5-kg cloth sacks stored at very moderate moisture and 
temperature conditions (see table 3) indicate no major changes in colour over a 
period of four months. A musty odour and taste become noticeable after two 
months. The most marked changes, however, consist of the appearance of 
bitter substances and of a somewhat disagreeable taste, which sticks in the 
throat; these changes take place very rapidly, and may appear in a f cw days if 
the temperature is high. The formation of bitter substances appears to be either 
directly or indirectly associated with enzymes. Scalding with steam inhibits the 
development of a bitter taste in the rice germ [ 17], and stabilization with moist 
heat has a similar effect on the bran [19]. The formation of bitter components 
in oats is accelerated by the presence of FF A, which are more susceptible to 
oxidation than the triglycerides; peroxides appear to act as precursors of the 
bitter substances [20]. In this sense, oxidases may play an important role but, as 
suggested by various authors, other enzymatic agents, such as proteases, must 
be taken into account in discussing the reasons for the presence of bitter 
substances in bran and degraded germ. Saponins, which are also present in rice 

TABLE 3. EFFECTS OF STORAGE ON THE SENSORY 
CHARACTERISTICS OF RAW RICE BRAN 

Change during storage 

Characteristic Omonths ]months 4 months 

Colour 
Trichromic components 
(Hunter values): 

L 63.8 63.7 64.5 
a 0.2 0.3 1.0 
b 14.3 13.8 13.9 

Visual estimation: 
Whiteness 3.6 3.2 3.8 

Odour 
Stale 8.6 7.3 7.3 

Mouldy 9.0 9.0 9.0 

Taste 
Stale 9.0 7.0 6.7 

Bitter 8.4 4.0 2.7 
Catches the throat 8.5 5.3 4.7 

Humidity (percentage) 13.8 10.8 I I.I 

Soura: Tortosa and Bencdito de Barber [18). 

Nou: The bran was commercial bran degcrminatcd in an indus1rial mill; 
degree of milling about 9 per cen1. II was olored in S-kg cloth sacks al room 
temperature with temperature variation~ from I S0 

10 2S° C and relative humidity 
40 per cent 10 90 per cent. Scale for visual colour estimation: 9 = white; 
7 = creamy white; S = cream; 3 = light brown; I = dark brown. Scale for 
estimation of odour and taste; 9 = none; 7 = just perceptible; S = clearly 
perceptible; 3 = moderately strong; I = s1ron1. 
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bran, c!o not appear to play an important role; although they arc water-soluble, 
their extraction docs not eliminate the bitter taste [21 ]. 

The cff ccts of storage on the volatile constituents of the aroma of rice bran 
have been studied in stored samplcs3 at two different temperatures, -20° C and 
+25° c [22]. 

The profile of the volatile constituents of the bran was determined by 
direct gas chromatography;' without prior enrichment of the volatile 
constituents, employing techniques that require a sample weighing at least 
1 gram. Eight constituents were identified in each of the samples: methanol, 
acetaldehydc, ethanol, acetone, n-pcntanal, n-hexanal, 1-hexanol and n
dodccane; of these, acetone, n-hexanal and n-dodecanc were found in large 
quantities (sec figure 10). It is interesting to note that storage of the bran at 
-20° C for 50 days results in changes in some of the constituents identified, 
such as ethanol, acetone and 1-hexanol, as well as in others with a higher 
molecular weight. Storage at +25° C markedly increases the volatile content, 
particularly hexanal and hexanol and many other contitucnts with a higher 
molecular weight that were not identified in the study. 

Ave.rage chemical composition 

The average chemical composition of the bran does not undergo any 
significant changes when the bran is stored for short periods under normal 
conditions, provided that it has not been infested by micro-organisms and 
insects. In bran samples stored at 27°-28° C for one month, in brown glass jars 
with tightly fitting screw caps, no change was found in the total nitrogen 
content, fat, ash or raw fibre [23]. Identical results were obtained when samples 
of raw and parboiled rice bran, packed in hermetically sealed glass bottles, were 
stored at ambient temperature (not specified) and over a period of months; 
nevertheless, after 10 months there was found to be a slight reduction in the 
percentage of oil that could be extracted with hexane [24]. It should be noted, 
however, that significant changes have been recorded in the quantity of oil that 
can be extracted with hexane (see figure 11), with petroleum ether [25] or under 
pressure [26] (see table 4). The latter results relate to storage in sacks under 
really severe temperature conditions, which nevertheless correspond to condi
tions encountered in practice. Various hypotheses have been advanced to 
explain why there is a reduction in the quantity of extractable oil [24]. One such 
hypothesis attributes this reduction to the formation of polar compounds 
containing oxygen and polymers, which decrease the solubility of the glycerides 
in the non-polar solvent (hexane) used for extraction. Others associate it with 
the appearance of forces that combine glycerides and bran, probably related to 
the fact that the fatty acids have the ability to form complexes with amylose. 
Although data are not available for bran, data for prepared rice indicate 
that the content of fat-by-hydrolysis remains constant through the s!.>rage 
period [27]. 

1Thc study docs not include any other data on the storage conditions or initial characteristics 
of the samples. 

•some of the constituents were identified by combining gas chromatography and infra-red 
spectroscopy of the materials. 
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Figun 10. Profile of volatile compounds from rice bran shortly after production. stored for SO days 
at - 20" C and stored at + 25° C 
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Fipre 11. Effects or stonge Oii die oil eo11tnt or raw ud parboiled rice bnn 
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So11Tu: Shaheen. El-Dash and El·Shirbccny (24). 

Nott: The oil content of the bran was delermined as follows: 20 J of bran was mixed wi•h SOO ml of 
hexane. 11 a 1empera1ure of 40°-S0° C, and 1ai111ed for three hours. The hexane was separated, further hexane 
added and 1he process repealed. The oil recovered from che cwo ucrac1s was determined after removinJ the lasl 
traces of hexane by drying the oil al a temperature of 700 C under vacuum. 
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TABLE 4. EFFECTS OF STORAGEa ON YIELD AND COLOUR OF THE OIL EXTRACTED 
FROM THE BRAN BY PRESSING 

Storage conditions 

Average Relative Moisture 
Storage time temperaturrl' lrumidit,-b content 
(days) 

0 
7 

21 
42 

(degrus Celsius) (percentage) (percentage) 

28.7 74 
28.2 85 
36.3 63 
36.3 63 

Source: K. Yokochi [26). 

~e bran was packed in sacks with a 33. 75-kg capacity. 

bMeasurcd at 11 a.m. 

11.86 
9.62 

I0.32 
9.23 

Oil 1-ieldC Colour 
(percentage) of oil 

11.43 Yellow 
10.40 Yellow 
9.63 Dark yellow 
8.97 Dark yellow 

'"Extracted in presses in two stages. at a pressure of 1,000 psi (70 bar) for IS min and a pressure of 3.800 psi 
(260 bar) for S min. 

Composition and characteristics 
of the chemical constituents of the bran 

Carbohydrates 

The limited amount of information available on the sugar content of bran 
indicates that in some varieties the percentage of reducing sugars may increase 
and that of non-reducing sugars decrease (sec table 5). Similar changes occur in 
rice during storage [28]. 

TABLE 5. SUGAR AND MOISTURE CONTENT OF RICE BRAN BEFORE AND AFTER 
STORAGE 

(Percentage) 

Non-reducing sugars Reducing sugars Moisture 

Variety of rice Before After Before After Before After 

Diaja 50.54 47.99 1.07 1.30 10.85 I0.90 
Inapon 55.79 56.89 0.82 0.94 13.41 13.89 
lntan 51.28 52.01 0.84 0.79 13.68 14.17 
Makapiila 50.02 51.90 0.54 0.63 11.13 13.13 
Malagkit 46.35 47.61 1.07 1.30 13.16 14.15 
Margate 60.IO 60.40 0.96 1.18 !0.26 11.21 
Milagrosa 53.24 54.70 0.94 1.16 12.72 13.43 

Source: Cea and Sutaria [23). 
Nore: The samples were packed in brown sJass bottles with tialitly scaled screw-caps and stored at 

27°-28° C for one month. 

Lipids 

During storage, the bran lipids undergo hydrolytic and oxidative changes 
[29]. Hydrolytic change normally occurs in bran produced and stored under 
normal conditions. The FF A content of the bran oil increases as a function of 
time, and this increase can be detected in as little as one or two hours. The rate 
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at whic~ FF A are formed depends, amongst other things, on moisture, 
temperature and the presence of microflora and insects. The FF A increases 
more rapidly with a higher moisture content (see figure 12A). Moisture content 
is important, and differences of 1 or 2 percentage points may account for very 
varied increases in FF A after only a few hours of storage (see table 6). The 
relative humidity of the environment in which the bran is stored also plays a 
role in determining the level of water activity. The increase in the FFA grows 
with the relative humidity (see figure 12B). Here the effects depend upon the 
speed with which the bran takes water from the surrounding atmosphere or 
loses it to the atmosphere. And it should also be pointed out that, on an 
industrial scale, a consignment of bran provides areas of rapid interchange (on 
the surf ace, where it is in contact with the air) and others of very slow 

Figure 12. Effects of moisture on the formation of FF A during storage of rice bran at 30° C 
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TABLE 6. EFFECT OF MOISTURE ON THE RATE OF FORMA
TION OF FF A DURING STORAGE OF RICE BRAN AT 35° C 

Sample 

1 
2 
3 

Moisture 
(peruntage) 

5.9 
6.3 
8.2 

Source: Meinke. Holland and Harris [31). 

FFA four hours from 
receipt of the bran° 

(g per /()() g oil) 

4.5 
8.4 

11.8 

0 Zero time was some four hours after manufacture in the mill. 
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interchange (on the inside), resulting in a heterogeneous mass with foci that are 
more or less favourable to hydrolytic action. The effect of the relative humidity 
also varies according to the type of bran involved (see figure 13), not only 
because of the rapidity of moisture excbange but also because of the level of 
lipolytic activity. The formation of FFA in the stored bran depends to a great 
extent on the temperature. The higher it is, the greater the increase in FF A (see 
figure 14). The formatio:i of FFA takes place at temperatures as low as 3°-5° C 
(32, 33]. Under these conditions, according to laboratory data on small 
samples, the increase in FF A in the first few days varies from between 0.2 to 
l.5 per cent a day [31, 33]. Increases in the FF A content have also been 
recorded at temperatures below 0° C (34]. Raw bran with a 15.9 per cent oil 
content and l l.7 per cent moisture content increased from 2.4 to 8.4 and 10.5 g 
of FF A per 100 g of oil in 10 and 20 days respectively at -3.3° C. 

Figure 13. Effects of storage at 25° C and at different levels of relativ~ humidity on the formation of 
FF A in rice bran 
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Figure 14. Effects of storage at different tem~ratures on the formation 
of FF A in rice bran 
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Source: Loeb, Morris and Dollear (32). 

There is also some evidence that the size of the bran particle affects the 
rate of formation of FF A, since the increase in FF A is greatest when the 
particles are smallest [30, 33]. A smaller particle generally suggests greater 
cellular disintegration, and hence a greater opportunity for contact between 
enzyme and substrate. The subject has not, however, been studied systematically 
to provide data that are unaffected by other factors, such as composition 
(associated with particle size) or humidity. 

El Hinnawy [35] studied the formation of FF A in neutral rice-bran oil, 
which was induced by adding various quantities of raw bran to the oil; he noted 
that the greater the proportion of bran, the more rapid the increase in FF A (see 
figure 15). As the amount of enzyme that acts on the substrate is increased, the 
result of its lipolytic action becomes more pronounced. In an industrial 
consignment of bran, the amount depends on the actual opportunity for 
contact between enzyme and substrate. At the same time, it also depends on the 
concentration of enzyme in the bran and on its specific activity. Even though 
both may vary from one consignment to another, depending on the variety of 
the bran, the degree of processing it has been subjected to, the presence of 
microflora etc., the formation of FFA as a function of the initial activity of 
different consignments of bran has still not been evaluated. 

Some data, however, suggest that the increase in FF A (expressed as grams 
of oleic acid per JOO g of oil) is greater in bran from the first cone than in bran 
from the second cone (see figur~ 16). The greater reactivity of the layers of bran 
nearest the outside has been pointed out, not only in relation to the change in 
lipids but also to the change in other contituents [36]. 

Loeb and Mayne [37] have studied the influence of moisture content on 
the proliferation of micro-organisms and the formation of fatty acids during 

---
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Figure 15. Formation of FF A in neutnl ric:e-bran oil after Ille aclclition of bran 
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storage, and have shown that the microbial population of the bran contributes 
to the increase of the fatty acids. In one experiment, they treated bran at I 2 I ° C 
ir; an autoclave for two hours, dried it for one hour at 60° C, allowed it to cool 
overnight to ambient temperature and, using sterile water, prepared various 
samples with different moisture contents, which they stored in different 
desiccators. The samples with IO. 7 per cent and I 3. 7 per cent moisture content 
showed no growth in micro-organisms and the FF A content did not change. 
The sample with a 14.6 per cent moisture content showed neither proliferation 
of micro-organisms nor increase in FF A during the first 13 days, but after this 
period, colonies of Aspergillus g/aucus developed and the FF A began to rise 
simultaneously; no bacterial growth was detected. In one sample with a 26.4 
per cent moisture content, moulds (Rhizopus sp.) appeared on the sixth day, 
coincidi.,g with an increase in FF A (see table 7). The suggestion of a 
relat;onship between micro-organisms and the production of FF A was 
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TABLE 7. CHANGES IN MOULD AND MICROBIAL COUNT AND FFA CONTENT 
DURING THE STORAGE OF BRAN TREATED FOR TWO HOURS IN AN AUTOCLAVE 

AT 121° C AND DRIED FOR ONE HOUR AT 60° C 

Moisture content 
I J. 7 per cent° 

Mould!fl 
Storage and 
time 
(day.r) 

0 
6 

13 
20 
2'! 
34 

FFA yeasu 
frercentage) (lf>llg) 

2.3 
2.3 oe 

2.6 oe 

2.6 0" 
2.6 oe 

2.7 oe 

Source: Loeb and Mayne (37). 

aRelative humidity 7S.S per cent. 

hRelative humidity 80.3 per cent. 

rRelative humidity 93 per cent. 

dNot infected with bacteria. 

e1,owest dilution 1:20. 

Moisture cont71t 
14.fJ per cent 

Mould!fl 
and 

FFA yea.u.r 
(percentage) (lf>'IK) 

2.3 
2.2 oe 

2.8 Ot 

3.1 0.1 
18.I 155 
38.2 I 100 

-·---
' 

.'i.tnisture content 
:ZfJ. 4 per cen ,C 

Mouldrd 
and 

FFA yeasu Bacuria 
(ptrcenta.~e) ( U>'I.~) (lrY'/g) 

2.3 
12.6 0.15 oe 

18.5 I 0.02 
25.3 IO 0.5 
79.4 100 
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confirmed in a second experiment described below. The bran was treated at 
121° C for three hours, after which it was dried for three hours at 85° C and 
finally allowed to cool. Various samples with different moisture contents were 
then prepared, using sterile water, and a series of these was inoculated with 
53 x I 01 spores per gram, with a Thom and Churuch strain of Aspergillus 
chevalieri (Mangin), previously isolated from bran of the Bluebonnet variety.5 

The samples were stored in desiccators and the changes in FF A and mould 
count were studied over a period of 20 days. The samples that were not 
inoculated showed no growth in micro-organisms and no ii:crease in FF A. The 
inoculated samples showed marked changes affecting the micro-organisms and 
the FF A simultaneously (see table 8). 

It should be noted that in regular untreated bran, in which the normal 
lipolytic activity of the grain coexists with that of the microflora, the FF A 
content may increase even without the development of micro-organisms. On 
the other hand, the greatest proliferation of micro-organisms may not 
correspond to the greatest increase in FF A. Thus, it is known that the 
formation of FF A is greater in species of Rhizopus and Aspergillus than in 
Penicil/ium or Bacillus (39). Even different strains of Aspergi//us have been 
found to have different capacities for producing FF A (see table 9). 

Pillaiyar [ 40) has published data suggesting a parallel between the 
proliferation of insects and the increase of FF A in bran during storage (see 
figure 17). No systematic study appears, however, to have been made of the 
contribution of insects to the formation of FF A. It is not yet clear whether the 
reasons for the parallel between FFA and the presence of insects are: (a) that 
conditions favouring higher lipase activity also favour the pro I if eration of 
insects; (b) that the growth of insects, with the resultant increase in moisture 
and heat, directly favours the activity of lipases or promotes the development 
of microflora; or ( c) that insects have the capacity to produce acidic metabolites 
or lipolytic enzymes. 

As a result of the group and stereochemical specificity of lipase and of the 
composition of the glycerides in terms of fatty acids, the different fatty acids 
are not liberated by lipolysis in the same proportions. Canale, Sarra and 
Caramello [ 42] noted marked differences in myristic, palmitic, 3tearic, oleic, 
linoleic and linolenic acids (14:0, 16:0, 18:0, 18:1, 18:2 and 18:3 respectively) 
during the sto-·age of rice from the first and second whitener cones in the dark 
at 22° ± 2° C (see figure 18). The rate of formation decreased in the following 
order: 18:2, 18:1, 16:0, 18:3, 14:0 and 18:0. The pattern of the changes was the 
same in the two brans, although there were qu&ntitative diff crences. The 
relative proportion of the diff ercnt acids varied, with a marked increase in the 
proportions of 18:2, 18: I and 16:0 (see table 10). During the storage of milled 
rice, the most important changes in the FFA fraction also occur in the 18:2, 
18: I and 16:0 (27) in exact proportion to the corresponding losses in the neutral 
fats fraction. 

The rice germ lipids arc hydrolysed during storage, as are those of bran. 
The rate of hydrolysis is much less, however, in the former than in the latter' 
(see figure 19). The greater stability of the germ is known and appreciated at 

'Although the optimum temperature for growth was 30° C, the spores grew well at 21.1° C. 

'Other researchers have furnished data on the increase in FFA during storage of the germ, 
which is much smaller than the increase normally found in bran [ 43, 44]. 



TABLE 8. CHANGES IN THE MOULD COUNT AND FFA CONTENT OF NON-INOCULATED STERILIZED BRAN AND BRAN 
INOCULATED WITH ASPERGILLUS CHEVALIER/ DURING STORAGE AT DIFFERENT LEVELS OF MOISTURE CONTENT 

Tnatu bra11 witli 11. 5 ptr cr111 moisturr co111tnt" 

N01t-i1toeula1u 

Moulds 
St or• FFA ad 
lil'IW 
(days) 

0 
I 
2 
3 
6 

13 
20 

(ptrttlt- yrasu 
1a1rJ (10'11) 

2.3 0 
2.6 0 
- 0 
2.4 0 
2.7 0 
2.7 0 
2.4 0 

Sourer: Loeb and Mayne (37). 

Nott: Lowest dilution I :20. 
0 Relative humidity 68 per cent. 
bRelative humidity 80.3 per cent. 

<'Relative humidity 100 per cent. 

/11ocula1rd witli 
A. chevalieri 

Moulds 
FFA and 

(ptrcr11- yrasu 
1a1r) (10'11) 

2.9 I 
2.7 62 
2.9 8 
3.4 8 
4.9 295 

25.8 4600 
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3.4 
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40.3 
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(prrcm· 
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Key: 

TABLE 9. FF A-PRODUCING CAPACITY OF VARIOUS STRAINS 
OF ASPERGILLUS ISOLATED FROM RICE BRAN 

Aspcrgillus strain 

(mg oleic acid/ I 00 g culture medium) 

FFA a/tu U.Cllbation at Zif' C for 

Four days 

2.17 
3.10 
3.87 

14.IO 

Fivrdays 

3.IO 
4.34 
5.42 

17.51 

Souru: Chattopadhyay and Srimani (41). 

Six days 

23.25 
23.71 
29.45 
23.25 

Fipre 17. Clwices ia FF A C011te11t ud illsect hlfestatioll of bro dmia1 storase 
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Figare II. De•elop~at of FFA in braa from the first aad SttOlld whitener cones during storage 
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TABLE 10. CHANGE IN RELATIVE PROPORTIONS OF FFA IN BRAN DURING 
STORAGE 

lnrKIAof 
Slonlfr 

SDflTtto/brt111 (days) 14:0 16:0 11:0 18:1 

First whitener 0 so iO 
20 1S 120 

Second whitener 0 4S so 
20 80 100 

S011Tcr: Canak. Sarra and Caramdlo [42). 

fipre 19. l>eYeloplllellt of acidity ill M inll ud gam dmillg 
stormge at JI" C 

150 

50 

10 

0 

Bran 

Germ 

10 20 3 0 40 50 60 

Storage at 300C (days) 

Sauret: G6mcz Fabra and Primo Yufcro (45). 

11:1 18:3 

1S s 
185 12 

6S s 
175 IS 



246 Rice bran: an und~r-utiliud ra"· material 

the commercial level, particularly in countries where the separation and sale of 
bran on an industrial scale is common practice. Although detailed studies have 
not been carried out, there is evidence that the stability of the germ depends to 
a large extent on cellular deterioration during processing. Intact germ can be 
stored much better than damaged germ. The greater degree of stability has been 
attributed to the fact that the lipase is still encapsulated in the cellular 
cytoplasm and cannot act freely on the fats present [ 46). As a consequence, 
differences in stability are to be expected in the germ produced from different 
varieties in different whiteners and under different conditions. 

De Rege [ 46) has indicated that he has in no case detected FF A levels 
above 90 per cent, even in samples of bran where hydrolysis has been brought 
about experimentally in the laboratory. In general, he suggests a hydrolysis 
limit of around 85 per cent for bran and around 65 per cent for uncrushed 
germ. Probably the pH of the medium is too low to allow the enzyme reaction 
to proceed. This fact is of interest in relation to the theoretical study of lipolysis 
[46, 47, 48). Some authors have detected a decrease in FFA content in bran 
lipids in an advanced stage of hydrolytic change. 

Br ctn or rice with FF A-free oil does not seem to have been obtained on an 
industrial scale or in the laboratory. Yokochi [26) has indicated that the FFA 
content in bran immediately after manufacture is normally 2-4 g per 100 g of 
oil, when it is produced from the current year's rice harvest, and about 
10 g/100 g of oil, or higher, if the bran is obtained from a crop two years old. 
These values are, of course, no more than indicative, and may be noticeably 
affected by the usual events that take place during the storage of hulled rice: 
heating-up, development of microflora etc. With regard to germ (from raw 
rice) of industrial origin, values from I to 2 g per 100 g of oleic acid are 
normal [ 49). 7 

On the other hand, Sarda [50) has reported that in India (West Bengal), 
using modern systems for parboiling rice, it has proved possible to manufacture 
bran on an industrial scale with 2-4 per cent FF A, which can be stored for a 
fortnight in winter without any marked changes. 

Oxidative deterioration of bran has received little study despite the fact 
that it causes undesirable foreign (e.g. stale) odours and tastes, and leads to the 
formation of oxyacids, which must be separated during refining and thus 
contribute to overall losses in the yield of edible oil. Storage of the bran causes 
an increase in the peroxide index of the oil, which rises to a maximum and 
then decreases. The content of carbonyl compounds increases at first, and 
decreases thereafter if the changes continue. The iodine number decreases from 
the start. Similar changes seem to occur in rice [36). The bran from raw rice 
and parboiled rice show, in principle, two entirely different situations from the 
point of view of oxidative changes. Bran from raw rice is characterized by the 
presence of lipoxydases, which catalyse oxidation but are accompanied by a 
number of natural antioxidants (tocopherols) and largely globular oil substrate. 
Parboiled bran loses its lipoxidase activity during heat treatment of the rice but, 
at the same time, loses its antioxidant capacity, in proportion to the severity of 
the treatment, as a result of the thermal degradation of the tocopherols; the fat 

'The lowest value recorded in the 1970 campaign, in which consignments from various mills 
were studied from November 1970 to June 1971, was 0. 73 g per JOO g of oil. 
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in the parboiled rice bran, to a greater or lesser extent, loses its globular form 
and is found to be dispersed, so presenting a greater surface for oxidation. 

In storage studies carried out with bran from raw and parboiled rice,1 

packed in polythene sacks, not hermetically sealed, in diffuse light at ambient 
temperature, it has been found that the peroxide index in the raw bran 
increases more quickly and reaches higher values than in parboiled bran. The 
calculations were made at 12-hour intervals over a 120-hour period [51). These 
results seem to conflict with the known fact that parboiled rice is more 
susceptible to oxidative change than raw rice. 

In a recent paper, Sowbhagya and Bhattacharya [52) have confirmed that 
raw rice changes less and more slowly (lower values for the peroxide index and 
for the carbonyl index) than parboiled rice when both are stored under 
comparable conditions, whether in the light or in the dark. It must be pointed 
out, however, that when both types of rice are triturated to a sieve size below 
80 mesh and then stored in the dark at 60° C in open containers, the 
autoxidation rate in raw rice increases very markedly, while in a sample of 
parboiled rice it barely increases at all. As a consequence, both flours show 
very similar behaviour, both qualitatively and quantitatively. 

Apparently the relationship between the carbonyl index and the detection 
of the stale odour in bran has not been determined. In parboiled rice, the stale 
odour is detected at around 100-200 M per gram of fat, while in raw rice it is 
already noticeable at 30 M per gram of fat. 

One fortunately sporadic phenomenon that occurs during the storage of 
bran is spontaneous ignition and combustion. This also occurs in some other 
oil-bearing raw materials. It appears to be associated with the formation of 
unsaturated fatty-acid oxidation products. High temperatures, humid atmos
pheres, fine bran powder and incomplete removal of solvent from defatted bran 
are considered to be favourable conditions for ignition. Although the problem 
does not often arise, the dangers it entails in storage and transport should not 
be underestimated, since they may have serious consequences. Despite the 
danger, no detailed knowledge of the phenomenon is available, and its true 
causes do not appear to have been evaluated. This prevents the establishment 
of preventive rules other than the general one of avoiding the conditions cited 
above. 

Mycotoxins 

While the presence of mycotoxins in rice has been the subject of 
considerable research, relatively little work has been done on mycotoxins in bran, 
either at the time of production in the mill or during prolonged storage, despite the 
fact that, as demonstrated by Schroeder, Boller and Hein [53), between 60 and 
80 per cent (by weight) of the toxins in milled rice pass into the bran and polish 
during processing. These fractions may contain toxins in concentrations more 
than 10 times higher than in milled rice. The chance or intentional incorporation 
of husk in the bran will aggravate the situation even further. 

A small-seal~ sample from Spanish mills in 1971 gave negative results in all 
cases (Barber and others [54)). The samples varied in moisture content from 

'Brown rice, after having been soaked in water overnight, is cooked in water for one hour 
and then dried in the sun. 
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7 to 16 per cent and in FFA content from practically zero to 23 per cent (see 
table 11 ). Repeated evidence of the presence of mycotoxins in rice in many 
countries. coupled with the fact that, in any consignment. mycotoxins may 
grow rapidly and in great quantities if the conditions are favourable to the 
growth of micro-organisms. would seem to warrant making an adequate study 
in some areas, to allow the existing risks to be evaluated. 

TABLE 11. RESULTS OF SAMPLING CARRIED OUT IN 
SPANISH RICE MILLS TO DETECT THE POSSIBLE PRESENCE 

OF AFLATOXINS IN BRAN AND HUSK 

Moisrun FF A.a A..flatoxin 
Sarnplr (~rcrntafr) (prruntagr o/dc acid) B, 

Bran 
I 11.3 15.1 Negative 
2 11.8 14.0 Negative 
3 9.2 3.5 Negative 
4 12.7 12.5 Negative 
5 14.6 1.6 Negative 
6 10.7 12.0 Negative 
7 9.5 11.3 Negative 
8 10.4 11.5 Negative 
9 9.1 9.2 Negative 

10 8.7 10.0 Negative 
11 10.0 7.7 Negative 
12 10.2 8.3 Negative 
13 15.9 23.4 Negative 

Husk 
I 10.7 0.1 Negative 
2 6.7 0.7 Negative 

Sourer: Barber and others [S4]. 
4 Additional data supplied by J. Botey. 
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