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THPRODIIC TON

1. Although the rioe grain contalis only about 2 - 3% fat, milling concentrates

this in the tren {1.m which it cw. be exliacted to yield an o0il with many potential
edible and industrial uses, Development of this important new source of oil has up to
now been hampered by a number of tectnical problems. Potential production of rice

bren oil ocan be estimated fram the current produnction of rice. This indicates that
with the exception of a few countries only & minor proportion of this potential is
reslised. ™ull exploitaidcn of availsble rice bran oil sourcea wﬁuld male a substontial
oontribution to the world's edible o0il aupply in an area which is currently deficient
in this commodity. Moreover, extraction of the 0il inareases the stability of the bran
which could then be used in greater quantities as ua high protein, high vitamin feed~
stuff for livestocke This inorease in both edible oil and feedstuff produotion could
be achieved without the employment ¢t additional land, ar the educetion of the farmer
in the growing and harvesting of a2 new unfamiliar orop.

Production and Extraction of Rice Bran

"+ The rapid deterioration of rice bran ir caused by an active lipelytic ensyme whilch

produces free fatly acids from the ocil. Tris both renders the bran unsuitable for

feedntuff and the ovil extracted unsuitable for edibie use. The breakdown of o0il can

be prevented by stabllising the bran by heat treatment before storage and tramsport or
by the new XM process which mills the grain in the presence of hexane solvent,
Flternatively the bran must be sxtracted immediately on milling whilst it is still fresl.
Prior heat treatment also facilitates solvent extrmction, the most efficient method of
recovering the oil fram low content material, by altering the physical nature of tne
bran partidles and overcoming the problem of fines and channelling, Hexane is the
preferred solvent for oil extraction sl though the use of aloohol ylelds a vitamin-rich
syrup as well as the oil,

Neture of Crude Rioe Brun Oil

R.  Rioce bren oil is an oleic/linoieic oil similar in composition and properties to
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corn and oottonseod oils. It is low in ;aﬁxmted acids, the major aaturnted component
being peimitic acid and is very low in 1inolenic acid. The physical characteristics
of rioe tran oil do not differ markedly fram many other soft oils which are ourrently
familiar commodities in World trade., The free fatty acid content is generally higher
than most, due to the diffioculties of stabiliming the bran prior to extraction, as is
the unseponifiable oontent. Pignents present include carote.es with cccasionally
small amounts of chlorophyll. The oil has - “Wirh tocopherol content which increases
oxidative stability. Along with the oonventional sterolc and squalene, the
unsaponi.fiable content also includes orywenoi for which is dlaimed medicinal propertiess
The wax content is 3 - 9%, this can be rucovered ani purifiel to yleld a valued hard
wax with properties similar %o those of carnauba WaXe

Processing of Rice Bran 0il for Non-Edible Purposes

4. 0ils of above 10 free fatty acid are uneconomic o refine for edible use and

are generally used for soap manufacture or for the production of industrial fatty acids.
A brief outline of the principles of soap manufacture is given, The soap produced from
rioe bran oil has good deterger® provertias and is soluble at low temperatures, It can
be used to advantage in soft or 1iquid soeps and tor washing of delicate surfaces,
{ibres and textiles which require low temperatureas, A harder less soluble product can
be obtained by blending with more saturated or lower chain length fats, or by
hydrogenation.

5. A brief outline is given of the industrial production of industrial fatty acids
from orude oils or acidulated soapetooks, .th the use of iwydrogenation and various
methods of fractionation a wide range of fatty acid mixturea could be obtained from
rice bran oil, The most evident uses for medium and high iodine value fatty acdd
rixtures would be in the swface coating fi21d as components of alkyds and epoxy
resins which find considorable use in paints, enamels, varmishes and laogquers, The
low level of linolenic acid in rice tran oil fatty acids would mimimise the after-
yellowing properties which are a greve disadvantage in white and pastel shadea, Rsters
of rice bran oil fatty acids could alm find a use in plasticisers for synthetdo
rubbers, oellulosica ard polymer resins giving flexibility and lubricity over a wide
rangs of tumperatures. Bpoxidised rice bran oil and rice bran oil fatty acids would

be suitable for use as stabilising prasticisers for polyvinyl chloride and other
ohlorine containing polymers.

6. Other uses for fatty adds inaluds the mmfacture of detergemts and surfactants

»




problems and leads to refining losses far hi,her than theoretically calculated fram the

chanicals durirg caustic refining but more recent work has suggested that a constituont

of the wax fraction is Principelly resyonsible for the ref!: ing losses. There appe.xrs
«s v& no outstanding problem with refining low free fatty acid dewaxed rice bran oll.
Bleaching and deodorisation can be carried out by convemtioral means; the greenish
hue of'ten reported can be removed by using aaldic clays,

4, Rioce bran oil is particularly suitable for usge as 2 salad oil, wmoking oil and as
the 1liquid portion cf a margerine blend., Its low linolenic acid content and high
tocopherol content gives it oxidative stabdlity and minimises the formation of
rancidity and off-flavours which can limit the ume of other soft oils in blended fat
Producta. Por use as a salad oil where stability and absence of clouding at low
temperatures ia essential, winterisation is carried out to remove ihe high melting
point maturated glyoerides. Rice bran o0il gives exceptionally high yidlds of fully
winterised oils with consequent advartages in the economics of the operation, Well
refined, low frme fatty scid rice hran oils ‘~ve high mmoke and fire points end good
frying characteristics, Low rates of peroxide, foam and pPolymer formation and good

flaveur.charecteristics have been reported. Hydrogenation of rice Wran oil preswnts
ho unusual features and the hardened sy maowed excepcional stability suggeating a
use in shortenings,

7. The ourrent intensified marketing of high lineleic oils, such as ocorn and
safflower, is a result of the finding that polyunsstursted acids bave a lowering
influence on the Plamma cholesterol levels. Intake of vegetable oils as opposed to
satuwrated animal fets is being snoouraged in the hope that they will reduvoe the
ingidence of vasoular disorders such as atherosclercsis caused by depssition of
aliolesterol on the wells of blood vessels, The fatty acid composition of rice bran
would enable it to take advantage of the movement evident in the UuS.hs and W, Burepe

towards oooking oils and softer, more unsaturated margarines and away from solid
animal fats,




Rice Bran Wax

10. Hard, high melting point waxes can be produced from oruds rios Wran oil by taking
advantage of this inmlubility at low temperatures. Aotive chilling of the oil oan be
carried out or the noml tank settlings which are produced on storage and trangport
can provide a source of crule wax, Various ways of purifying the wax are described
mostly by trestment with solvents and a final arystellisation from isopropancle The
major oomponent of the hard wex fraction is nyricyl ocerotate with lesser mounts of
similer wax esters, The purified wax is brown, hard, non-tacky and similar in many
respects to carnsuba wax, It cen be readily bleached wit h hyirogen peroxide,
siiphuric acid and chremum trioxide and ocan be expected to find aprlication in wax
polish formiations and in the wax coating of oonfectionaries and fruit,
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7.  INTRODUOTION
1. In common with other cereals, the fat content of the rice grain is not

high (2 « ) but the vast majority of i* is in the esbryo. or germ. Consequently,
milling which separates the germ, together with the pericarp, from the white rioce
also serves to concentrate the fat in the btran, The 0il ocontent of the isolated
bran thus rises to between 1L - 13,

2.  As this article will attempt to demonstrate, this oil has comparable
properties and a similar ocomposition to corn and cottonseed oils. If it oould be
economioally produoced at an equivalent quality it would provide an important new
souroe of valuable techniocal and edible grade vegetable 0il in many countries of
the world that at ths moment suffer a shaortage of these commedities. Moreover,
another eonstituent of the bren, the wax, previcusly considered to bde a hinderanoce
to the successful processing of the oil, oould, if econocmically recovered, become
a valusble seoondary product by virtue of its similarity in propertiss to carnauba
wax, an established constituent of many commercial wax products, Extraoting the
01l has the additional advantage of vastly improving the keeping qualities of
rioe dran, thus enadling this to realise itn full potential as a foodstuff with
high pretein and vitamin content,

3.  Although in some countries (notably Japan and Burma) rice bren oil alresdy
makes a significant contridbution to the edible 0il supply, soolal anmd
technologicel difficul ties have s0 far prevented full oxploih?im: elsevhere.
Table 1 1llustrates that only about 10K of the potential production is ourrently
Tealised. Table 2 puts the situstion in perspective showing that rice bran oil
oould became & major vegetable oil alongside other soft oils; ourreat London

Prices for these othsr commodities will emable its possible commercial value to
be estimated, More important, perhsps, than its actual value, is the ability

of a new oil to satisfy the requirements of the ECAFE region for soft edible oil,
thereby reduwing the need for imports. |

4. Oonsidereble diffioulties generally attend the premotion of a new oil.eed




(A11 figures in 1000 tem units)

Rioo Rioe Bran 011 Produstion

Oomtry Paddy (a) Rice (b) Bren(c) Petemtial (2) Aowml
India 59,649 39,368 3,19 12 18
Pakistan a,23 14,020 1,122 168 -
Indonesis 17,931 11,822 %6 U2 -
Jayen : 17,50 11,5% 9%, 1% &
Thailand 13,200 8,2 €97 108 ¢
Buwa 8,216 5422 &3 6 ”
S.Xsres 56493 3,625 290 M 7
Pailippines 5,069 3,332 266 &0 -
S.Viewem 5,012 3,%7 265 W .
Toiwan 300 2,8, 180 4 b
Caxbodia 3,07 2,10 in 26 -
Nopal T 2,90 1,67 129 19 -
Osylon 1,538 1,005 a 12 -
Malaysia - 176 ™ ™ 12 -

- W

(a) ~frem ‘Bies Bulletin' Commenwenlth Seavetariat, Novasber 1970,
() - Setimabed as § of Peddy,

(e)  Oalowlated as &K of Rice.

(a) Geleulated o 196 yidld of 011,




WMM
Seft Ol1s Produstion (a) Prioe (B)
- IS Sons) -
Grombmt 041 3,0% 287/ ten
Sunfleowerseed 041 5,00, £29Y%n
Oottensesd 011 2,578 £6% vn
Olive 011 1,A08 855/ ven
(Potentta) Rice Bewa 012 1,1)
Seseme 012 ~~ L 7Y -
Gexn 042 293 0% sen
Stinns
Ceesnnt 081 0 1,90 AT/
Nia 001 900 85/
Nis Zemel 011 0 A%/ ‘e

() Toen Commemwendoh Seorotartat, Vogstede Olls md Oflecele Boview 1970,
(%) Pls 2etgw, 2eatsa, Jemmey 1972,
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industry. Not the least are the effaia rejuired for the locu.tion of suitable
adlimnte and soil conditions, tls selaction of optimus=yieldirg, dicease and
pest resisgtant straina, the evaluation of rertilissr, irrigation or drainage
requirements, the preparation of lard, and the education of the farmer in the
planting, tending and harvesting of a new crop. Iln tiis respoct, a rice bram
oll industry 1 at an advantave; the »rurce of the oll, he rice plant, is a
well eastablished and familier crop in wany peris of the world, end it is only
in poat kurvest calters laat odicativa, neu ivthods end tschnologloal
improvuments aio required, Tiis is an important factor which should stimulate
the develepment of a rico bren ol industry in many cuntries,
5. It has become evident that difficailti~s stdll edist in thy stabilisation
of the bran for storege end trengportailon, in the oxirsction and processing
of the oil and in the recoviry nml proceucing of tio wax., Reasarch and
development experience are still needed in all ‘these areas. This paper, however,
will be aninly conommed vith ths potential umcs and valus of extracted rioe beam
oil and its by-productc erd will also g'vs a bricef dsacdiption of ths teclmology
required,

T1. ERODUCTION C BAY 1L.ICE ERAN JFCR OIL PRODUCTION

., As is well Imctm, rav rics brman donteins un axtrevaly aotive cnsymee -
lipase - whioch hydrolyeesthe triglyceridm nnd relcoies fose fatty aclds Q). The
mjor impedima ;. to the dovsl ovrent of ice bren oil indu «tries in the pasrt has
been the invariably high freo fatiy 2c'd conten: ot tbs cxirvocted oil due to the
action of this 1ipolytic cnzymo, High free fatty acid oils are mot acoepted by
the edible oil refirer sincs removnl of the acidity leade to0 considerable losses
of neutrwl oil, and it is generally recognised %lmt oils of mcre than 10K free
fatty acid cannot be economically alkeli refined, There is no objection te

acid eils in the induatrial fatty sold trede and, indeed, ther represent the
main feedstock for this ares of utilisation,

7, In oonventionslly milled rice bren free futty acid levels can rise to 106
in a mtter of hours. It is thus qdto olear that under practical conditions
the rioce bran unloas fresh rust %e s%ablil’sed by destrqying or inactivating the
snayme and preventing this repid production of irec fatty aoids in order te

extrect an ol useful fur ecdible purposes. Mvo basic approsches have been trieds-




(1) Reat treatment; (2) Chemical treatment; (3) Low tempsrature storege;
(4) Contral of relative mmidity during storage; (5) Simultaneous milling
and extractioen,

(1) Heat Treatment - Extensive studies (2) have been carried out on the effect
of heating samples of bran to various temperatures tetween 70°0 and 110°C for
periods of 1 ® 3 hours. Charges in free fatty acid content were followed
during subsequent storage at 25°0. Table 3 swmsarises the results from which
it is evident that bzun ocan be sucocessfully stored without deterioration fer
considerable pariods after subjecting it to heat treatmernt,

Samge Charactecistios of Rice Bren aftec Yarious Heat Treammits

(from data of Loed et al ()

Free Patty Acid Content

Treatment after 25 days after %0 days
‘H.:!’q,otm !bzz-’.a.t !h';'an
None S8 L
1 L, 166 2%

3 L « ®
1 8s 22K 346
3 85 % »

1 100 ]  J
3 100 o .

1 o " L,

3 110 L .
R, Amoﬂl&mﬂunﬂauhﬁ-!\hmmm&m

oil 1s alse accompanied by an active 1ipolytic ensyme. Hgh fres fatiy asid
Palm oils were at one time ccamenglace and the introduction of a heat
‘sterilisation' step reslted in a vast imgrovement in qulity. In 1990, fer
instance, only 0.3 of the total Migerian palm ofl prodiction was suitadle fer
refining and ediMle use, by 1960, after the widespread intwdauction of
'starilisetion’ the figwe was 81K, In this case the ripe fruits are keph either




[

at 100°0 for one hour, or under 20-40 1bs./sq.in. steam pressure in an autoclave
for 1\5-20ninutos (3). Suc. . process oould also be tried for rioce bram,

9. A commeroial min expandes has been evalua‘ed for ococking and sterilising
rios bren (§). I1 this oase heating unde. pressure to about 307" was carried
out. 'Expanded’ brun was found to be perfectly statle and showed no change in
free fatty a.uld‘l .oontent over a pariod of 84 days. The prooess had the added
attrection of inoreasing the cohesiveness of the particles of bran. This served
% m the problems of 'fines' and 'chamelling' which had given

; ok
oonddn'nhh tronblo dwring sclvent extrecotion of raw rioce bran.

(2) Mg;__m and inert atmospheres, although the subject of &
Japanese patent (%), havo, on further examination proved to be ineffective (Q).
(3) Jow Temperatiys storage does tend to reduce the rate of fres fatty acid

rise (§) but waooceptably high levels are still reached in a comparetively short
peried,

(d) Qumtrel of Balative Emidity, at a low level, also retards free fatty acid
formatidp, (2) But agein not sufficiently to be of commercial importance umless
preseded by haat trestaent.

(5) W Extraction, - ~ecertly Geveloped proosss, overcomed
the rollem nuociated with the <% rage ot ~aw bren by oarrring out the milling

actuslly in the presenoe o solvent, thereby ylalding a de—oiled bren and a rioe
wen oil/hesane misoslls in one operetion (7). The process (X-M) shows
mih\blww-e and is deelt with in more detail alsewhere.

0. IS wuld seem from the foregoing that some form of heat stérilimdion, ¢nd
solvent extrection milling offer the only realistic al ternatives fer ylel&ing -
& rioce dran oil for the economic production of od:l.}:& grede oil,,) Japanese
workers (2%) sdvoocate the use of only very fresh breh for oil améu.on,mh
alse ﬂm:u the free' Nttty acid problem. This is, perhaps, not a ngnlima
suggestion for other comtriss owing to the transport difficulties resul ting
from the small and scattered nature of rioe nills in the majority of preducing

Aroas,

11, Por ol ceontemts as low as 10 - AW, the only efficient method of
recsvering tis oil is by wlvent extracticn and, indesd, attempts to extract it




- 7.
by hydraulioc pressing or screw expelling have resulted in rethar poor
recoveries (8). Modern solvent oxtraction plants oan retuce the proportion of
residual fat in & meal to1 ~ X giving more economd aal yields and, in this
cise, a more stable defatted ...,

17, Altha,) heanae e WV sl wy el L e o1 cOmmerciel e.1vent sxtraction,
othar sdlventes have been examined on an experimental basis in an attempt te
isolete other useful constituents fram rice bren. Bthyl (2) and Isoprepyr (20)
aloochol have been shown to extract, as well as the oil, sugars, phospholipids
and seversl B vitemins indluding ¥etin, pantothenio 8cid, pyridoxin, thismin
and niacin, which are recoverahle as » ayrup on cvoling the miascella, However,
the possible value of these mteriale as by-products ix likely to be outweighed
by the presence of a green pgment in the oil, which can then only be bleached
with diffioulty, the incressed cost of solvent recovery and the reduction in
nutritive value of the extructed bran.

v, NATURE OF THE CRUIK OIL
(a) Fhysiosl Charsoteristics - The range of characteristios reparted in the

literature for salvemt extracted fresh rice bren olls is given in Tahle 4 whers
oamparison is made witb the British Stenderd Specifioations for a mmber of
ocompetitive crude oils. Requirements suc" as moisture and other volatile matter
(such as residual solvent), sediment and other impurities are subjeats of
contractural agreement and are not generally inaluded in speci fications, al though
they are important cosmercislly and if the levels are high will adversely affect
marketability,

'1. Rxospt or generally high levels of free fatty acid and unsaponifiabdble
material, rice bren oil des not, if carefully produced, Aaiffer markedly frem
other soft oils ourrently engaged in world trads,

(v) Zaitx Acid end Glyoeride Qomposition - The fatty scid composities is shown
in Table 5 where rice dren 0il is compared with ompetitive oils. Rioce wam o4l
is & semi—drying dledo/lincleio 0il, Its lew linolemie acld contemt gives 14

a distinot adwantege over cottonseed and soyabean oils for both editle amd
industrisl use as will be discussed later.

. A oomplete glyoeride anslysis has not been reported but from the lew
propertion of solid glyoeride sedimented during winterisatien it has been
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suggested that rice bran oil follows a nore even distribution than these
competitive oils (11).

(o) Other Constituents - Rice bran oil has been variously reported as derk
greenish - brown to light yellow depending on the method of extraction and the
extent of deterioration of the bren during storsge. Pigments present indlude
gerotenes and, i1 the darker oils, ghloruphyll., OCarotenes contents have not
been reported per sg, but chlorephyll, of mare concern to an edidble o0il procesaor,
oan rise as high as 20 p.pem. (12, 13)s Colour, ususlly messured by comparisen
with Lovibond Standard glasses, and how easily it nan be removed are important

oriteria for the refining of edible oils. Most pigmeats can be readily

absorbed by bleaching earths or destroyed by heat treatment but oxidation,
particularly when traces of iron and copper are present, can lead to the ooclour
being 'fixed! and resistant to blesching, Oonjugated fatty auids have alse boen
found at a low level in rioce bran oil (14) and elso probably result from
oxidation, low free fatty a'oid'r:loe Txen oils are particularly resistant to
exidative rancidity; this is largely due to the high content of tocopherols,

up to 0.47% having been reported (15). These are partially removed during
decdorisation but the residue is still sufficient to give deodorised rice bran
cdls above-aversge stability. Moveover, they can be recovered from the
decdorisation diutillate and represent a veluable by-prcduct as they cen be used
as anti-exidants fér other food items and in the manufacture of vitamins and
pharmaceutioals. Squslene also cocurs in rioe bren oil at levels wrying from

0.2 to 0.9% (9, 16, 17). Stercls probably represent the major class of oompounds
in the unsapouifisble material (}8) and a proportion of these appear to ocour as
esters of ferulic acid (the monomethyl ether of 3tk di-hydroxy cinnesmio acid) (19).
Opysancl is the ferulate of oycloartendl (20) and is claimed to promote the growth
of snimels ard alleviate disorder of menopause. In Japan, orysancl. is rrepared
ocsmercially and included in mediocinal products; it ooours in rice bram oil to
the sxtent of 0.1% . Oydloarterol is the biosynthetic precursor of plant sterels
(21). Bydrooarbons, long chain alcohols and their esters oocur in the max fraction
which settles from the not 0i1/hexane misoella on cooling, Blce wan wax, which
oould be a valuable secondary product of the rice bran oil industry varies greatly
4in ocontemt depending on the method of extraction employed but is tyAoslly 3 - k.
Tt is deals with in detail in a latsr section.

e .
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15, Ithinhnddtomenmteinthhlocﬁononthoumaotdoomﬂ
which do not invelve the refining, bleaching and deodorising operations sssociated
with the productisn of an edihle grede ofl, Rice bran c¢il industries are in thetr
infanqy in most potentisl producing countries and the bulk of researck amd
develoment effort will of neocessity be devoted to increasing the quantities of
odible grade oil produced. Nevertheless, *ren in the most technologioally
MWIWM!WM&OM&M&QJ“@WMM,
ugmummm-tmwmwrmu.muﬁnmp
infustry or, after ‘splitting', the industrial fatty acid fiad. The wide renge
of materials that can be produced from fatty acids include emlsifiers and
dstergents, protective coatings, plasticlsers and lubrioants. It is anticipated
that, recognising the diffiocul ties involved in producing lew free fatty acid odl
ﬁmﬁam,mm.wﬁﬁuulwu‘huﬁuﬂﬂnmﬁm‘h
Wm:ﬁatimlbudhmwtbhctthtthmmnbcotmtvﬂm
to the chemicel industry. Indeed, at the time of writing, the high price of soft
oditle grade oils such as oorn, groundnut, cottonsesd, and soyrhbesm has led ¢ a
parallel increase in the price of seap stooks and acid oils, Fatty acdd based
ohemiocal mmufacturers are searching for alternative sources of supply and it is
fdtthtrimhnndlaﬂdhnnmhhplqhm.

16. mmmmmmamwmntwmamm
would be derived from rice Wran oil, scap marmfacture showld be dealt with,

(a) Seap Megutagture

'7. Many reports eriot recommending ‘hat rice kran oil, with its hkigh free fatty
201d comtent would be highly sui.table for seap production, thereby sllowing ether
MdhuhboMWMmmldeuomum(‘,wo
8.  The name !seep’ strietly refers to any metal salt of any earboxylic acid, Wit
the seluble washing agents to which his word 1s applied in cmmon uage are
osnfined to the sodium and potassium salts of fatty acids,

17, Chendoally, the manufacture of soap consists of hydrelysing (ssporifying)
the glycerides with csustic soda or potash producing salts of the fatty acids amd
releasing glyverine. Techrdoally the processes rest on the fact that seap is
soluble in &lute electrelyte solutions ut inscluble when ths conosntretien rises
Sbove & oertain level, Thus hy simple sddition of salt, ssap osn be separated from
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glyoerol, water, residual alksli and other impurities, In the classic process oil

end alkali, in correct proportions, ere boiled vigorously in a large vessel known
28 a 'kettle' until hydrolysis is ocmplete, S0lid salt or concentrated saline
solution is added,bringing the soup out . solution, Due to its lower density the
soap rises to thu top with e .ower laycr containing the bulk of the salt,
glyoerine etc.. This can be withdrawn and proceased to recover the salt and to
produce glycerine, & valuable by-product.

?0. The rest of the process oonsists essentislly of repeatedly washing the soap
by redissolving in boiling water and repeating the salting out procedure thereby
reducing further the content of glycerine and impurities. The final salting out
is done in a more cereful manner sand results in the separation of the soap iuto
two layers, the upper layer being of greater purity and thus used for better
quality products, the lower layer of lesser purity may be put through the prooess
again or used for lower grade products. Potash scups camot be salted out,
consequently the final product retains all the glycerine produced by the
saponification reection,

?1. Neat moap direct from the kettle contains about 30§ moisture, which is reduced
by hot air arying, flash drying or vecum drying. This is acoomplished before
pressing into bar-, cutting into slabe, p wdering, flaking cr whatever finel fom
ia desired.

??. The basic procedure outlined above has been oonsiderably modified and improved
in recent years by the advent of centifuges to separate the soap, oounterocurrent
washing towers, production of soap directly from fatty acids, and the intreduction
of oompact and efficient oontim_pua soap-making machinery. |
?3. Many other materials will be found in soap products to impert specific
characteristica. Pigments, perfumes and emollients are most resdily apparent in

tollet soaps, and antibacterials are incorporated into deodorsnt soaps and surgioal
sorubs. Caloium and magnesium sequestering ocmpounds such as polyphosphates and
silicates serve as water softeners and suspending agents in lawdry products which
also will often ocomtain bleachesj siliocecus materials or other abrasives will be
present in soouring powders and scaps.

24. The potential of a fat for scap mamufacture is a matter entirely of its fatty

acld omposition, The fatiy acids gemerally most useful sre from twelve to eighteen

— - . P —
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carbons long, those of ten or J.ess have little surface activity whilst those of
renty end above are inmol>:lle at ordinary temperatures, Sodium oleate and
linoleate bave very gx'd detergent properties and have the advantage over saturated
acids of being more solable at lower temperatures and softer in oonstitution, The
oxidative instability or the unsaturated acids ie no great Froblem since a wide
Variety of antioxid n.cs can be used in soapse Thus rice bran oil i3 eninently
sultable for soap mamuf'acture, It can be used to partioular advantage in soft
or 1iquld soaps in dispensers, in hair shampoos, for floor and autamobile cleaning
and for the washing of delicate swfaoces and certain textiles, fabrios and fibres
which require lower tenperatures, Oleic and linoleic 20aps are less irritating
to the skin than shorter chain or saturated acids and this are 1deally suited for
infant and medicinal soaps. A further extension of its use oan, of course, be
Frovided by tlending with tallow or a lauric oil (such as coconut and pelm kernel)
OT hydrogenating, This yields a harder, less soluble product with a wide range
of household and industrial applicaticns,
() Industrial Mty Actds fran Crude Rice Bran 011

(1) Mamiteoture
25, Basioally the prooess consists of the hydrolysis ('splitting') of the
glycerides, separation of the glyoerol, end purifiocation of the mixed fatty acids

by distillation, Refinements cen include hydrogenation and fractionation, which may

be by more sophisticated distil sticn cr by solvent orystellisation at low
teuperature, Combination of these processes could lead to a wide variety of
different fatty acid mixtures being produced fram rice wrwn oil., A flow sheet for
fatty acid namifacture fm rioce bran oil is shown in Figure 1.

?6. 'Splitting' can be accomplished by one of three methods which wry in
Sorhistiocation, speed and efficlenoy. The simple Twitohell Method invelves heating
the 01l to 100° at atmospheric pressure in the presence of 1X Twitchell ocatalyst
(eulpuario and suilhonto actd derivatives) and 50K water for tro days in large
Woolen or stainless steel tubs. The water phase (termed 'sweet water' owing te its
&lyoerol content) is withirewn after 2, hrs. and replaced by fresh, The degree of
*plit i® not high by this method. More efficient is the use of an autoclave where
Bgher temperatures (180 - 2%0°C) and pressures (150 = 450 pei) are emloyed.

The most modern contimuous splitting process employs countercurrent flows of water
4 011 at 250% and 750 pai in a €0 £, ‘splitting' tower. Hydrolysis is repld
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and efficient, sweet water emerging from the bottom of the tower whilst fatty aclds
are withirewn from the top.

27 In all these processes oils conbaining high levels of fres fatty acid hydrclywe
more readily than neutrwl oils sinoe they are able to dissolve more water,

8. Distillatien osn be carried out at low pressure as a batch process or
comtinuously with or without s fractionating oondenser colum. It serves to purify
the fatty acids from such impurities as residual triglyocerides, non sapomifiable
material, oxidised and polymerised fatty acids and coleuring metter which remaia
bekind as 'still pitch'. This material finds use as a waterproofing agent.

29. divoerine Reqovery ccmmences with the withdrewal of sweet water from the
splitting proosss. After neutrelisation of any entreined fatty acid, the 15 - 29§

oomtent of glyomrol is oconceutrated %y doiling, vacuum drying and distillation as
wp e

Jreseure. The product is frequeily %00 highly coloured for immediate use

&

e

G




ad reruites bleaching tmnily with n~livated char sial, Glycerol is used in the

food, cosmetic and pharpnoeut: cel (rawms e,

(1) Uses of Fion Bran Oil Fatty Agids

The traltlonol feedatoqrs Uor the induatrisl ra{ily roid industry are
ineiible tallors + 1 gronses, un. the cin' ¢ products are ' tearic acid' and
'olede noid' obtaind frca the aixra disn) led fatty acids by iow teaperature
treslennal w, s allinetion 21ded by enlveats cr surface active agents. Commercial
‘tuearic' and 'olels' colds arc Jar from pure, and the nauea 'stearine' and
'r14ne' are ncwy in ociron use f- Algtinguish then from the now available pure
oomounde, Fetty actd mixtures, sitier pira.oht diats lled, or fractionated, from
the wre envon fats ard clle are liowever now rvailable to meeti specific requirements,
Yery are generplly mi:tures of 010 and C'L‘} raturated fatty acdds and specified by
reue, in the case of purs distilled geades, or by Iodine Value, indicating the degree
of unzaLursticn, and T'ire, representing the solidificotion texperature of the
afwtarc, L cptione to this sen-relisation include fish o0ils, with 020 - c& acide,
hs invutie oils wita Ola acid, and castor oil vith its content, after hydrogenation,
of hyGroxy ttearic acid, Rice Bren 01l i3 a send drying oil and it would ol early be
rerg econcmic Yo meky ure 0° it in prodweis vhoce A aigh Todine Value is
aGvrtiag s, Lonenilled h=ixs enatio:, ia, howevsr, crp bls of reducing the
merivcation 40 a 7 desired dmemaea, Tie 1= of this techmic 9; plus various
fractic-ation methudy oru blending with other rore satureted fatty acdd mixtures
voUll enzble rice bren oil te coniributo ¢ atearine end oleine manufacture, Thus
the utiliesticu of shearines end oleincs will also be briefly considsred in addition
Yo thoss more avident uses resulting ~<.m the oil's unsaturated nature.
V. IZrateotive Goencingu « Afier e12ble and dotergent (including scap) uses,
renifooture of surface ocoatings reprosent the third major area of utilisation for
vogetable oils, It owes its rapld devslowment to the shortage and high prioe of
traditicnel drying olls suci ac Sury znd linceed during the second vorld war, at a
timo when nun-drying :nd semd~fryinyg fatty acids were becoming aveilable, The most
cciron types of compound used are the alkyds (fatty acid esters of polyhydric
alcohols such as glyesrol, pentaervihritol, sorbitel and xylitol, condensed with
Phthallic arhyirids) and epuxy rerins, (fatty sold derivatives of epichlorohydrin

ai. bisphenol), Ths most common sovross of fatty acids for this application
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ourrently are soyabean oil, cottonseed 0il, and tall oil (s by-product of peper
msnufacture). The specifications of iyploal fatty acid mi xtures derived from these

oils are shown in Table &, in teras of the must important features lodine Value and

Titre.
TARLE 6
Characteristics of Typioal Fatty Acid Mixtures Used in Alkyd and Resin
Vi
Iodine Value 110 122 130 13, 138 w2 145
Titre 0 51 27 2 21 10 5 b

17, The characteristios of straight distilled rice bran oil fatty acids has been
reported as Todine Value 104 - 106 with a Titre of 25 - 26°C (14). Since the ik
of the saturated acids in rice bran oil is pelmitio acid (see Tahle 5) it ocould be
readily removed by fraotional distillation and crystallisation yielding a fatty
acid mixture of higher I,V. and lower titre, This ias ourrently done sucoessfully
with cottonseed and soyabean oils. For instance, fractional orystallisation will
inorease the Iodine Value of a cottonssed oil from 102 to 143 and a soyabean oil
from 129 to 157. T actional distillation v 11 increase simil-r oils to 138 and 147
respectively. In addition, the linolenio acid oontent of rice bran oil is low,
which miutud ses the after-yellowing characteristic of linseed 0il, and to a lesser
extent soyabean oil (58) which is a severe disadvantage in whites and pastel shades.
Such a fatty acid mixture wuld find ready use in alkyd and resin based paints,
enamels, varnishes and lacquers. Higher I.V, fatty acid mixtures are used in air
drying varieties, but for baking enamels or softer films, lower lodine Values can
be tolerated. Dryers are added to hasten solidifiocation and these will often
thenselves be metal (sinc, lead, cobalt or manganese) soaps of fatty acids; they
act by catelysing oxidation and polymerisation. Metal scaps are also used to
inprove the flat finish of some paints,

1, Flastigisers - Fatty acid and fatty oil derived plasticisers have grown
tremendously in importance in recent years dus to the rapid expansion of the plastios
m synthetio rubber industries. Butyl and higher chain length estera of unsatureted
fatty aosd nixtures have grod ccmpatibllity with various synthetioc rubdbers,

. ﬁééﬂﬂ s and ﬂﬁﬁ resins providing £ odbility and lubr aity over a wide
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renge of temperatures, They have the adaditd onal advantages of being non-toxio and

B thus suitable for systems which oame into cantaot with food,

1. Epoxidised semi-drying oils and esters of epoxidimed fatty ecid mixtures enjoy

e major use as plasticisers for polyvinyl chloride and other ohlorine containing

polymers. They owe thedr importance to their additional stabilisation properties, lhe

“POXy groups absorbing the hydrocholoric acid which is released on the ageing of these
polymers, Plastic coated fabrics are the main outlet for these materials,

| ¢, The 09 dibasic asaleic acid can be derived from the ozonolysis of high oleic

| cils incluMug rice bran of1 (23, 54) and esters of this also find use as

plasticisers, particularly with callulosios,

16. Detergents and Buulsifiers ~ As mentioned earlier, fatty acids, as well as the

i triglyceride oils, can be employed as feedstock for the soap industry enabling more

specialised mroduots to be mamfactursd, Repeated washing and glyserol recovery is

eliminated from soap making in this way, In sddition to s0ap, an enormous range of

synthetic surfactants are mamufectured from fetty acids and it is clearly beyond the

soope of this article to give more than a brief account of them, They renge from the

§ infustrial and household detergents used for laundrying, textile menufacture, etc., to

the e@lsiﬁ.ers, defosmers and softeners used in the food and cosmetio infustries,

A few exsmples of the more cmmon types are given in Table 7, They are mairnly derived

from commercial stearines and olelnes, In the light of the world-wide emphastis on .

blodegradsble surfactants, fatty acid derived moterial3/83bine increasing importance
§ in the future, |

TARLE 7
Material | Agtion Use
j Partial glyoerides Baulsifiears food, comnetiocs
| Sulphated nonoglycerides Detergents housshold, industrial

Fatty alochol sulphates Detergents household, industrial
Fatty acid  sulphonates Detergents household, industrial

Nitrogen derivaties of fatty acids
(e.g. alkyloluaides) Detergents laundry, textile mamifacture

Ethylene oxide derivatives -~ Bmlsifiers food, commetios, industrial
defoaming agents

17. Matal Soepg = The use of heavy metal soaps in mirface coatings ss dryers and
Tlatiing agents has already besn mentioned, Aluwminium, barium and calcium soaps firi
oonsidershle market as oomponents of lubriocents, being used as thiokeners for

oils and greases and as dry lubricants in jlastios mamfacture. They are




alsc employed in waterjroofing preparations for leather, rops and osment,

. Metal soaps or the fatty acids thameelves fi1.d extenmive use in rubber
manufsoture. As well as their softening and lubriceting properties which are
utilised during the mixing, extrusion and moulding operstiors of naturel rubdber,
gino soaps play an mmportent role as oross- .inking accelerato 8 during the
vulocenisation prooess.

19, Commetige ~ Hand creems, heir creams, shaving oresms and moigturising oresms
all esmploy stearines to jmpert lustre and sheen to their appoarance. Glyoercl,
oleyl aloohol, liquid vegetable oils and fatty acid derived emilsifiers may al®so

be important constituents of these products.

(o) Misgellaneous Uses for Crude Rice Bran Oil

A0. Other tban its obvious use for illumination several other uses for the ocrude
o0il have been reported but very 1ittle detailed informstion is availadle. They
inolude oarriers for insecticides and fungicides, anti-rust oils and mould relesse
agents, They appear to be uses which any liquid oil ocould fulfil, oost being the
prime factor influencing seleotion.

AR MGOFHGEBRANOH»NRMHEM

41. It bas often been claimed that rice bran oil is difficult to refine and
prooess, but the existence of a large flourishing rice bren oil industry in Japen
and to a lesser extent in other cuvntries 1+dicates that the diffioulties are not
inswrmountable, The major problems appear %o arise not from the nature of the

oil per se but from the high free fatty acid content that inevitably results from
the extraotion of bran that is not fresh, or has been stored even for a short perio
without some form of heat sterilisation. Japanese workers enphasise the importanoce
of using only dried, fresh bran for obteining & refinable oil (2%).

A2, The purpose of the various stages of processing rice brean oil for edible
purposes is to remnve the following impuritiest~ wax (dewaxing), phosphatides
(degumming), fres fatty acids (neutrelisetion or deacidification), pignents
(tleaching), oxidative breskdown prodicts (aecdorisation), and, if the oil is
roquired to be gtored at refrdgmtér temperatures, high melting saturated
glycerides (winterisation). Mgure 2 pummarises the rrocess and the by-produots
obtained at the varicus stages. '

22. (a) Denxing - Dewaxing of rice bran oils before proceswsing is reccmmnded
_pot only by virtue of the pouie value of the isclated wax but also because
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Flow Sheet for Proceesing Rice Bran 0il for Edible Purposes
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reoent work strongly suggests that some component in the wax increases refining
losses. Tts remowval from crude rice bran oil will be dealt with in a later seotion,
11. () Degwsming - Gums and mucileges in vegetahle oils are oompl ex mixtures and
only rerely has a detailed analysis been carried out. Almost ocertainly its
oonstitution will vary from batch to batch, The most common impurities in solution
in the oil ocmprise phospholipdds end glycolipids but also included here are sugars
and protein oomrlexes which are often present in colloidal form (and therefore not
filterable) but can be removed by the same methods as are used for phosphatides,

15, Removal or these gums from a erude oil is an importent step for a variety of

| reasons, Most importantly, polar 1ipids have surfaoe active properties and their
Presence ocauses losses during neutralisation due to the formation of emulsions.
This leads % poor separation of the soapstock, entraimment of oil in the moapstock
and residual soap in the neutrel oil. The value of the soapstock for soap, or after
acldulation for fatty acdd manufacture, is also reduced by the mresence of these
impurities. Application of high temperatures to gumy vegetable oils (which can
oocur on several ocoasions during proocessing) oen cause darkening and oreate
diffioulties during bleaching, Gums will also flooculate under such treatment and
can csuse blookages in pumps, filters or piping. Moreover, recovered phosphatides
oan have a value as by-products. Soyabean 'lecithin', for instance, is used
extensively in the food, pharmmoeutical and other industries.

76. The gum oontent of rice bran oil is varisble and in most samples prepared

by extrection of fresh or well stabilised bren does mot appear to be high, Gume
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1 not reem lo present the problems that are found with, for irstanoe, soyabean,
prondnut or rapesced olls. Denuming was examined for its officacy at reduoing
the refining loss of rice bran oils of up to 6.3 free fatty acids (_2_13) and althoug}
roductions of 1 - 2% were found, this wes not oonsidered to be sconomic unless the
pnosphatides were of sufficlent value to warrant recovery. In ocontrast, current
Japenese practice favours sn acid degumming treatment prior to alkali refining (25)
I7 steam refining of rice bren oil ia the method of chuice for deacidification,
however, deguming must be carried out since apprecisble discolouration ooours whid
can render the 0il virtually untleachable.

1. The noxmsl mettod of deguming involves the use of small quantities (1 - 1.9€)
of conoentrated phosphoric or sulphuric acids at moderate temperatures followed by
filtration or settling., Another popular method, particularly if the phosphatides
are to be isclated for selling, consists of Warming the oil to about 80°C followed
by sddition of 2.9% hot water. Alternatively direct steem injection may be oarried
out until the temperature reaches 80 - 100° by which time sufficient steam will hav
oondensed to achieve hydration and flocaulation of the oolloidal gum materials,
These are then removed by ocentrifugation.

8. (o) De-agidificatiocn - The most widespreed means of deacidifiocetion is by
peutralisation of the free fatty acids by the addition of calculated smounts of
ocaustio soda. Free fatty acids are converted to sodium salts to form the soaps tock
which is ieparated by allowing to settle or by centrifugation. It is this stage of
rice btran oil processing that most problems in the past lmve been met, High refini
1osses have besen found due to difficulties in separating the sospstock from the
residusl oil. The scepstock hes been described as fluid, or fluffy and is found

to entrsin considersble amunts of neutral oil, or would remain suspended in the o
making wi thdrawsl of clear neutral oil dffioalt. Refining factors in excess of 1
have been reported for relatively low free fatty acid rice brean oils which is clew
unecceptable for economioc prooessing., Examples of typical refining losses are giw
4in Teble 8, Some of the diffioulty can be overcome by separation of the soapstod

by centrifugation (3, 59).
1a. The cause of high refining loss is not entirely clear. The presence of gums

and mucilages, as described abdove, is known to cause emilaions, However, a compar
of refining losses incurred by degummed and updegummed rice bran oil (24) aid not.
reveal & Srastioc reduction, suggesting thet presence of surface active agents of




type are not the primary ceuse,
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50. Studies erdeawouring to ascertain the optimum caustic ooncertration, stirring
times, temperatur: (12, 26) have revealed tiat these variables can, as expected,
alter the characteristios of the soapstock and can influence refining loss. Toe
high or too low a concentration of ceustiic csn inorease refining factor, It is wall
known that low iodine value fats yield a much firmer soapstock than 1iquid higher
iodine value oils., But correotly adjusted oconditions emable oils such as cottanseed,
sunflower or soyabean to be aikali refined swoessfulliy without uneconomic losses.
The Japanese, in pariicular, have oarried out considerable work in estalilishing ideal
oonditions for the oonventional alksli refining of rioce btran oils (27) even th{o?.n of
high free fatty acids, Other groups lmve oonoentrated on exploring further the
finding that certain chemicals are able tc reduce refining losses (28). Sodlum
Silicate, ethanolamines, sugars (molasses and jaggery), ocertain alcohols and glyools
bave been mimd in this respect with fawursble results (26, 29, 12). These
materials appear to act oither by taling up scme of the free fatty acid or by
altering the physicel properties of the soapstock allowing it to coalesoce moxe
satisfactorily. Bxamples of these studies are showmn in Talle S.

51. The most recent reports point to the possibility that the high refining loym
are principelly ocsnsed by same oconstituent of the wax freotion, Low .mo fatty

acid () rice byen oils produced Wy the XM process were still found to give high
losses on alkeli refining, up to 1@ but introduction of a specisl dewasing step
reduoed this to an acceptable § - §€ level (31l). Japanese workers emphasiss the
imporiance of removing wax prior to refining rice bran oils (23).
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TABIE 9
Influence of Certain Chemd.cals on the Refining Cheiecteristios of Rice Bran Oils
Reference Free Faity  Additive 3 Refining Loss
" Acid of Crude ‘ ‘
oL %
(29) €.8 | None 51
6.8 1% Sodiun Silicate n
6.8 2% Yonoethanolamins 46 .
6.8 3 Jaggory 27
(29) 9.8  lone o 62
9,8 1% Caddwe Silicate 32
9.8 % Triethanolamine 29
9.8 2% Molesses 32
(26) 5.5 Yono ik
B5 1.87 Monoethsnolamine 174
55 - 1.9% Ethylene Glyool = 2063
55, 5% Ethanol . L %
545 F Ylagses A‘ 2343

52, Other methods of c.cau.c.incat icn do not seem to give the mgh refining losses

vmich hwe chamoterisrd oonvan'h oral allkall neutraliuﬁon of rice bran oil,

‘u!iscella refining, for instam,s, w.ere neutralisation of the 01l is oarried out in

hexane s~1ution, has been amceasmlly applied to rice bran oil without high loss
(12). smm diatillation, to remove the bulk of the free fatty acid, followed by
a mild nlkali reﬁ.r\e for the residue, has also been shown to give economiocally low
refining losses, pu'ticularly with high free fatty acid oils (2, 32, 53).
Dsacidification by esterification, urea oompla:d.ng (56) or iom-exchangs resins (55)
i:ave not been reported commercially with rioe bren oils, although these methods
have been exployed successfully on a 1aboratary sonl e,

51, (d) Bleaching - Removal of pigrents from rice tran oil does not seem o have
pressnted great problems despite the greenish hme frequestly reported, A mumber of
studies have been carried out (1L, 12, 24, o1l of which indicate tiat conventional

sarth bleaohing will readily give oils with I.o\d.bond Colours of 2 - J red units
(=t inoh ocll), an acceptatile lovel for high grade ooold.ng and salad oils, Removal
of green oolomtion {resulting, it hu been ,suggested, from the mlling of immature
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ciee (31)) enn be achieved without difficulty with the use of actlvatsd acddie clays.
Japanese practics currently in-olves adding 3 -~ 9% aotivated earth to rice bren oil

at 60 = 80°C, heating to 120°C with agitation, followed by filtration ( 25); this

does not differ markedly from mormal bleaching methods with other oils, Heat bleaching
sears unlikely to be effective with rice bran oil owing to the occasional Presence of
chlorophyll,

| 5'- {e) Deodorisation - The final stage in processing for a cooking 0il inwolves

removal of oxidative lreakdown products such as ketones and aldehydss which cause
undesirable odours and tastes. Thes breakdown products, in a oarefully processed oil,
should be present only at very low concentration but due to their extremely low taste
thresholds, sametimes of the order of 1 part in 100 million, they are very readily
detectable and must be removed to give the oil a bland or mild flavour. Deodorimation
of rice bran oil can be carried out in the normal manner by heating the oil to
temperatures of 200 - 250°C unier high veoum stripping out the undesirable volstiles
in a current of dry steam. Any free fatty acids, and peroxides formed, for instanose,
during btleaching, are also removed as are a oertain proportivn of the natural
- tocopherol antioxidants. Theze latter can be recovered fram the distillate, isciated
and 20ld as a by-product as mentioned earlier,
55. Mosl vegetable oils in common use are particularly susceptible to oxidation after
ucodorisation due to removal of these natural antiexidants, but rice bran oil, with
its high initiel toocopherol content, retains suffioient to have above-average stability.
If the rice bran oil is to be used as a cooking oil, or as part of the formulation
for a margarine btlend, processing is now complete. However, if the oil is to be used as
a salad oll, winterination is required.
6. (£) ¥interisstion = This is carried out for the remwal of scturated glycerides
vhich have relatively high melting points and only a limited molubility in the
unsaturated glyoerides. It is & prerequisite of a high grade salsd oil that it remains
clear and 1iquid at refrigerator temperatures and does not become converted to a
milky-looking product due to crystallisation of tilsse a'ntm'n.tad glyosrides, Rios bren
oil is eminently suitable for this spplication since its glyoeride structure follows
& more even distribution than most soft oils. This means that the saturated fatty
acld chains are uniformly distributed among the jlyoerides and only a small proportion
of totally eraturated molecules are present, Winterisation oonsists of chilling the
rice Wran oil vary alowly in large tanks, and holding it at 5°C or lower for a mmber
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of days. The saturated glyoerides crystallize out and are separated by filtratien.

With rice bran oil a high proportion remain liquid upon this treatment (S45%), in

contrast to cottonseed oil which yields only 57.7% of fully winterised oil (11).

The separated saturated glycerides are not discarded but can find use as the solid

fat frection of a margarinc or shortening formulation, For the manufacture of a

salad oil, decdorisation would be carried out after winterisation.

<7. (Qonsiderable developaent work has been carried out to determine optimum oooling

rates, holding times and filtration techniques to give rapid winterisation and high

yields of a fully winterised 1iquid frection from rice bran oil for use as a salad oil.
w17, EDIBLE USES OF RICE ERAN OIL

58%. Modern technology has provided many means of altering the chemical anmd physioel
properties of a refined 1iquid edible oil, Hydrogenation can reduce its oontent of
unsaturated bonds and thus raise its melting point; fractional orystalliration oan
be used to separate out triglyceride clasaes with dif ferent melting ranges; and
interesterification can rearrange its molecular structure, sometimes with profoud
changes to physical characteristics such as crystal structure. A oambination of
these technigques makes it theoretically possible for a single oil, in skilled hands,
to yleld a variety of fat ntocks guitable for many applications, Without resorting
to these sophisticated, and, in some ceses, costly techniques, however, the most
ovident uses of dewaxed, refined, bleached, decdorised rice bran oil remain in the
salad oil and oooking oil fields, and as the 1liquid fraction of a margarine blend,
59, Two advantages that rice bran’ s over competitive roducts are its very low
ocontent of linolenic acid, and its high content of tocopherol, both important from
the oxidative stability view points The oomparative rates of autoxidation of the
three camon unsaturated (18 acids oleic 3 limclelo 3 linolenic are 1 3 12 3 30,
indiocating how & content of linolenioc acid can sharply reduce the keeping time of
an oil, Linolenic is, in addition, suspected of being a key factor in the flavour
reversion found with certain oils, notably soyabean (57), which 1imit its use in
certain comodities, Flavour reversion has not been noted in connection with rice
tran olls; its performance in acocelerated storage teats has been showmn to be
excellent (11, 24) from both the perexide formation standpoint and the organoleptio

detection of off-flavours.

0. (a) BSalad Oil - The most important features of a good grade salad oll are




celd stability, flavour stabilily, good colowr, and the ability tc form stable
emulsions when used in a mayonnaise or amulsified salad dresaing product. BEmilsifiers
and crystallization inhibitors can improve some of these characteristics. From
reported figuwes (1l), refined bleached deodorised rioe bran oil can claim good old
stability as measured by the normel methods, Its performance is further improved by
winterisation. Results are shown in Table 10 where rice bran oil is oonmpared with
competitive products (11, 2, 7, 31). The Cold Test, a requirement of salad oils

in the U.8.A., is measure of the length of time before a bottle of oil » immersed in
water at 0°C, will develop cloudiness. The high yield of liquid fraotion on
winterising rice bran oil is also of considerable benefit in the economics of salad
oil production, Liquid oils of this type are also used extensively for fish camming.
£1. (b) Cooking 0il ~ For nutritional reasons outlined later there has been a
movenent in the U.8.A. and W, Europe in recent years towards the use of oooking oils
rather than sclid fats for frying. Requirements for a cooking oil are rather more
stringent than those for a salad oil since its use involves high temperatures. Ais
well as oxidative stability, oomplete absence of free fatty acids must be assured
since these tend to lower the temperature at which the 0il will =mmoke or catch fire.
Some oils foem exceszively, the cause of which is not completely understood, it
additives can prevent this from becoming e serious prohlem, Available evidenoce
suggests that rice brun oil performs well in frying tests giving low peroxide, foam,
free fatty acid and polymer fomation (31) as well as on adequately high smoke point
(¥15°F) and fire point (665°F) comperable with or superior to competitive oils in
common use (11). There have also been reports of reduced losses (25), decreased
sticking and a cleaner odour and flavour (31) than with other oils, It has been
evaluated in a wide range of camercial and household applications with promising
results (13, 31).

2. (e) Margarine end Shortenings - Margarine is a water-in-oil emulsion, the fat
trapping the water phase within an interlocking network of crystals. The amount,
nature and size of the arystals are important and determine the plastic properties
of the materials, The melting runge must be wide so that over a range of temperstures
the mixture is form retaining although plastic.

1. The fat phase is usually a carefully oontrolled blend of a liquid oil, a high

melting solid fat together with a smell proportion of intermediate stock. During
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panufacture the blend is well mixed in 14 quid form and then rapidly chilled so that
solidification ia homogeneous. This ensures that no graininsess ar large arystal
struoctures are formed by early slow depositi on of the solid fat ocontent, Mechand cal
working elso assists the production of uniform orystal size and even consistenay,
Virtually any oil or fat can be used as part of a margarine formulation and price
an? availability generally dictate which fats are used at any particular time,
Currently in the V,S.A, and W. Burope, soyabean, cottonseed, sunflower and groundnut
cils provide the bulk of the liquid stock with palm oil, animal fats or hydrogenated
marine oils as the solid portion, It is evident that rice bran 0il oould contribute
to margarine manufacture initially as an alternative to these liquid vegetabls oils
of similar properties; its low Jinclenic acid content once again being an advantage
in pot limiting the quantity that ocould be incorporated into such a blend,

A7, Shortenings and other oompound cooking fats, extensively used in the home and
in the food industry, consist of a similar blend of various fats hydrogenated to the
desired melting point together with a amall amount of emulsifier. The behaviour of
Tice bran oil on hydrogenation appears to present no unususl diffioulties, The
lodine Value, refractive index and colour have been found to decrease readily and
evenly and in all respects parelleled those of other comperativs oils hardened under
the same conditions (11, 60). In the hydrogenated state rioe bran oil is
exoeptionally stable and resistant to oxdation and when hardened to a consistenay
sultable for a shortening was found to have a keeping time somewhat in excess of
hydrogemated cottonseed and groundmit oils (11).

65. (4) Nutritional Aspeots of Rice Bran Oil Uss - Aside from the valus of fats
in thﬁ diet ag a major supply of calorific value and as a oarrier for the fat
soluble vitemins A, D and E, many yeers of inveatigation have estabtlished that
certain fats have a specific inherent nutrient faoctor which cammot be suprplied by
Other means, These stulles have involved the effects of fat-free diets on
experimental animal s, Diets oonteining sufficient protein, sdequate calories in the
forn of carbohydrates, and a full complement of water soluble and fat soluble
vitaning still led to poor growth and cther symptoms, and resulted in the
reocognition of a new deficiency disease. Further work demonstreted that the
rreventative andl curetive mroperties of certain fatz could be treced to their
content of certain polyunsaturated fatty acids and the expression 'essential fatty
ecids' was introdiced. XEarly scepticimm led to a thorough re-owaluamtion and there is



ae= ra @subt thet certein fatty acids, notrbly linoleio acid, are espential dietary
components. It is beyond the scope of thia srtidle to describe the symptoms of
epsentlal fatty acid deficiency disease end the investigations which resulted in its
eventual recognition which have been reviewed many times (33, 34)e
6. The underlying reason is the inabllity of animals (renging from insects to mn)
to synthesise lincleic acid, and thus must receive adequate supplies of this fatty
acid in the diet, Animals tlssues contain ensymes capable of introducing double
bonds into (deseturating) fatty acid chains but not at a position 12 oarbons from the
carboxyl group. Flante do contain such enzymes and consequently linoleio acid is of
wide occurrence in plant tissues including most seed fate.
67. Onoe received in the diet, linoleio acid undergoss several metabolic
transformations which are of interest in that they may point to the fundanental cause
of esmential fatty acid deficiency and its symptoms., By a saries of elongations and
further desaturations linoleic aoid is converted to the twenty carbon fatty adld
arachidonic acid, once thought to be the end point of metabolism. Recent wrk ns
evesled, however, that arachidonic can be converted to an oxygenated cydic compound
known as prostaglandin which hes important hormone-like properatiez in oomnection with
mascle contraction, reproduction and tlecod pressure regulation, Several recent |
reviews on the subject have appeared (35, 36)s The metabolimm of essential fatty
acids is sumarised in Pigure 3.

LIGURE 3
Metgholim of Besential Patty Aotds
'sreARIO A 5 aEc B LINOLRIO
1810 1851 (9) > 182 (9,12)
P
c

Huno-Goma-LINLANIO o O Gesma LINIENO LINOLENIO
2033 (8,11,1h) 13:3 (6.9.12) 18:3 (9,12,15)

lc
ARACHITONIC o OSTAGLANN
2034 (5:8'1191‘!')

Ensyne reactions which ooourte=

A = in both plant and animal tissues
B - only in plant tissues
C =~ only in animal tWasues
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Despite the essetial neture of linoleic acid, the natural occurrence of
essential fetty ecid deficiency is most unususal » except as a side effect of other
disorders or as part of general subnutrition, since linoleic acid is so widespread

in nature., Of mecre immediate importance in the context of nutrition are the recent
findings that suggest thet there is a connection betweey the type of dietary fat
inteke and the incidence of atherosclerosis, cwrently a major cause of illnesa and
death in many cowntries. Atherosclerosis is the term used to describe the
accumulation of 1ipid on the inside walls of blood vessels, This lesds to
constriction of the vascular system and of'ten ultimately camplete blockage, with
fatel re@ults s the 'heart attack',

A, Analysir of the accumilated lipid revealed phospholipids and cholestercl esters
rather similar in ommposition to those of the plasma lipids. Since an elevated

blood cholestercl level itself seems to increase the risk of atherosclerosis, a

means of redﬁcing these levels was sought in the hope that this would also lower the
incidence of heart attecks., It has now been established that a diet high in
polyunsaturated fatty acids, perticularly lineleic acid, leads to a reduction in the
plama cholestercl level and long texm trials are still unagwa,v} to test thes ecand
hypothesis,. -

70, In 1965, the American Medical Amsociation, after reviswing the field, issued a
statement recormending that the public should eat less saturated animal fat, rejilacing
it wherever posaible ﬁth unsaturated vegetable oil, It should be stressed, however,
that a direct oasual relationship between dietary fat » 8erum 1ipid concentration end
corcpary heart disease is not proven, alihough there is much statistical evidence.
Other fa.ctcra such as cigarette mwoling, lack of exercise, general ovuvedght and
emotional atreaa oean be linked in much the ssme way with vascular disorders. Much
controversy has followed the A.M.A, recommendation, but it is generally accepted that
increasing the intake of unsaturated fat will, at the very least, do no ham, and may
well ultimetely prove to be beneficial.

77. In response to these findings there hes been a massive swing in the U.8.A, and
W, Burope towards the use of vegetable oooking oils rether than s01id ardmal fats for
frying, and a movemernt towards softer margarines with a higher content of
Polyunsaturated acids, po.rt:lmﬁarly lincleic acid, The marketing of high linoledo
oils such as ocrn end sefflower, and margarines which contain them, has been




intenmified and emphasise the possible health advantages of the high polyunsaturated

fatty acid content, Other vegetable oils, sich as soyabean, cottonseed, suntlower

and groundnut, have also benefitted from this change in dietary habits, becoming
increasingly used in margarines snd other campound fat and oil products. Rice bran
oil has a fatty acdd composition not ur”1ke these and is thus in a good positian to
take advantage from the situation. It can thus be expected that good quality, low
free futty acid rice bren oil, if produved ei a price competitive with these other
oils, oould occupy a lerger share of the world edible oil supply.

Vit RICE BRAN WAX

77. (a) Introduction - Wax constitutes an apprecisble fraction of the solvent
extractable materiel of rice bran. Although its actual content appears to vary

greatly according to method of preparation and the origin of the bran, typical

analyses range from 3 - 9% of the oil, Recent atudies on the rrocessing of rice tran
oil for edible use point to the wax fraction as the major cause of the diffioulties and
losses axperienced on refining, It has, indeed, been stated that satisfactory refining
of even relatively low acidity oil can only be carried out economically after dewaxing.
The ourrent emphasis on improving production of rice bran oil is thus likely to yield
increasing qmntit;l.es of crude rice bran wax,Not only should wax recovery improve the
prooessing properties of the oil but it also has the potential of becoming a valued
by-produot capable of entering the hard wax market and playing a pert in the overall
econcmios of a rice bran oil industry,

7. Rice bran wax is not currently an major article of wrld trade snd consequently

it is unlikely that meny wax p-ocessors (exoept in Japen) have had the opportunity

of fully evaluating its performance in commercisl wax products. Teparts indicate,
however, that rice bran wax is oapable of replacing, at least partially, Carnsuba wax
in a variety of applications but more research and development experience is needed

in this area.

74. (b) Produgtion of Crude Rice Bran Wax - Wax is soluble in the triglyceride/hexane
miscella at normal extraction temperstures (LU0 = 1 °F) tut is virtuslly insclukle at
anbient temperatures and delow, ¥Two al ternatives thus suggest themsel wes for crude
wax productiont- firstly, extraction of bran with cold solvent to remove only the
triglycerides, followed by hot solvent to yileld a wax-rioch product, and, seoondly,
conventional hot solvent extraction followed by ocooling of %:he miscella or the
desolventised oil and separation of the wax fraction by oentrifugation, filtration or

X

settling.
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The dusl extraction method has been studied in some detail (12, 30) and appears

to lave the additi onal advantage tint the absence of substantisl amouts of wax in the
0il ensures more satisfactory refining. In these atudies various flow rates, and
solvent bran ratios were axamined with an initial exrtraction of 14.001? followed by
extraction at L’.DoF. Coeling the seocond hexene miscella to I;DOF resulted in 8 wax
recipitate which was dsolated by centrifugation. A preliminary cost study for this
process has also been published (37) whioh suggest that it could be economic, the

cost of minor modifications to a conventional extraction plant being rapidly reccovered
by the added value cof the wax. It was estimated from these investigations that 500 lbs,
of arude rice bran wax could be obtained from an oil production of 28,000 lba.

7'« Cooling of the extracted oil, of course, ocours naturally in prectice on storage
ard transport and the wax comea out of solution during this periods The settlings,

or crude rice bran oil 'sludge' provides a good source of crude wax although varying
greatly in ocomposition. Impurities present will include free fatty aclds,
triglyoerides, guns { perticularly if steam stripping has been used to desolventise the
oil) and particles of tissue and dir%¢. This material has been examined as a starting
material for wax mroduction (38, 39, 40) with promising results. Active occoling of
the crude oil, or a solution of it in acetone or hexane, to below ambient temperatures
alsc leads to deposition of wax (25) but in this case would be accampenied by larger
quantities of the saturated triglycerides. Current Japanese practioe inwolvea ocooling
the 0il and isolating the crude wax by oentrdfugation Qt;) or filtration through
unzlazed poroelain cylinders covered with filter cloth (42).

77. A special process for dewaxing XM rice oils has recently been reported (43) and
1s the subject of an Americen patent (44)s The wax content (2.5 - 3.5%) was found to
have a specific gravity so close to that of the oil that filtration or osntrifugation
were ineffective. The problem was overcome by the addition of LK sodium silioate
solut ion to the chilled oil at 25°F firstly in hexane miscella and then in
desolventised oil. Under these conditions the wax was found to bind water and become
readily seperable by centrifugation. This process also exertis a winterising action on
the oil itself, |

78. (e) Purification and Propertiss of Rige Bran Wax - The wax isclated by the
above methods contains large ammounts of triglycerides, free fatty adlds and minor

quantities of phospholipids and a varisty of methods leve been used to achieve imitial
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purifiocstion of the wax away from these impurities. Moreover, only a portion of the

true wax consists of the hard, high melting fraction which is likely to have ocommercial
value. Mild hydrolysis, washing and extraction with hot amd o00ld solvents such as
hexane, acetone, isopropencl, butanol, methancl or benzene lmve all been employed to
obtein hard material desired (38, 39, 45 - LS, 2). Japanese practice involves
hydrogenation of the orude rice bran wax to increase yield of hard, high melting, low
jodine value fraction. It is diffioult to ocompare the methods since the starting
materials used veried widely in their content of wax and other impurities. Moreover,
the final purified products varied in yield and properties. Isopropanol appears to

te the solvent of cholce for ihe final fractional crystallisation atep for isolation
of the hard wax fraction. It is a poor solvent at ambient temperatures but a good one
at temperatures just below its boiling point. The melting point of the wax is Just
below the boiling point of isopropancl which is sufficimtly low to allow reedy
ranoval from the isolated waxe

79, The products of the various purifioation methods are hard, non~tacky waxes, black
or brown in colour, and approact ocarnauba wax in many of its properties, A summary
of the properties of various preparations reported in the literature is given in Table 11;
figures for oarnsuba wax, a likely camercial competitor, are given for oomparison,

A, Blesching of rloe bran wax can be accomplished using hydrogen peroxide (38, 48)
which yields a 1ight brown product, or, if a ocompletely white material is required,
sulphuric acid and chramium troxide can be used (38, 39, 49). Bleaching earths or
decolourising ocarbon have little effect, Bleaching alsc tends to alightly lower the
melting point and iodine value whilst increasing the hardness of the wax (38). The
hardness and melting point of rice bran wax can also be inareesed by campounding it

with 29% stearyl o or f-naphthylamide (49).

#1. (d) Chemioal Com-osition of Rice Bran Wax - Pure waxes are esters of long chain
(20 - 32) aloohols with long chain (20 - 3,) acids. The articles of commerce also
oontain varying proportions of triglycerides, free fatty aclds, sterol s, squalens and
phoapholipids depending on source and degres of purification. In rice btran wax the
principal chein Jsngths of the wax acids ere 22 {behenic), 2 (lignoceric), 26 (cerotic)
and iso - 26 [isocerotic - 24 methylpentacosanoic) and of the wax alcohols, 26 (oceryl),

180-26 (iscoeryl - 2 methylpentacosanyl), 28 (montanyl) and 30 (myricyl). Smeller

amounts of shorter chain lengths ooour in the softer oconstituents. The major esters
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- 754 -
appear to be myricyl oerotate (43 - 4L%:), oeryl oerotate (21 - 22K) and isogeryl -

isocerotate (9 - 10%) with lesser amounts of the other possible esters, free wax acids
and free wax alcohols (51, 47) The variable fatty acid oontent consists mainly of
palmitio and oleio acids, Some of these may be esterified to the sterols. Sitosterol,
stigmastercl and dihydrositostero]l have been reported eas ma jor constituents of the
unsaponifiable material (49, Sl). Very little triglycerids, squalens, or phoapholipi?
is foud in parified rice bran wax.

8?. (e) Uses of Rige Bran Wax - The hardness, high melting point and nom-taoky
nature suggest that the principal use for rice bhran warxr would de in polishes as a
pertial replacement for carnauba wax. Most preparations examined have had squiwvalent
hardness and lustre-giving properties and were oompatible with cermsuba wax but were
slightly lower in melting and sof'tening points. %The formulation of a wax polish is teo
same degree an art and different batches of any wax bave to be evaluated separately
and blended acoording to the sxact properties required for the final preduct. Desirable
features of a good polish wax include hardness and firmmess without brittleness, the
ability to produce a dursble film, heat resistance, grod solvent retention (to resist
drying out) and good compatibility with dyes and other waxes, Stability in emulsions
is also an advantage for inocerporstion inte the many liquid and aeresel pelishes
aurrently being marketed.

83. Wax coatings for cenfeotions, such as chooolates, and fruits, is another
application for which rice bran wax is suitable, Chooolate maoducts are given a lustre
and prevented from forming a *hloom® of sugar or fat oarystals on the mirface. These
wax 'chooolate enrobers' prevent spoilage and drying out and preserve sppesrance and
flavour,

81. The occating of fruit and vegetables with wax after dleaning assiste in retarding
water loas, shrinkage and withering and basioally consists of replacing the naturel
waxes which have Been lost dmxring the washing and cleaning process. A hard wax is
necessary to lmpart gloss and impreve appesrance, It is of interest in this ocomnectien
that in 1963 rice bran wax was approved by the U.S.A. authorities as a constituent of
feod articles in these wax coating applications (52)« It was also ayproved for use

as a plasticiser for chewing gum.

85. The availabllity of rioe bren wax at a oompetitive price ssuld stimilate the

search for applications anl enable it to be svaluated as a ocomponent in formulations

guch as carbon paper baune, wax crayonc, candles, cosmetins, and other commodities

which currently utilise large quantities of carnmauba and other waxes,
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