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'. This paper surveys the potential produotion, ocosposition, Froper-ties, and
ourrent and possitle utilisation of rice i -am with particular reference to the
South-East Asisa/Fer Zast Region.

Jroduotion

2. The potential world production of rice bran and polish is ssseesed at between
20 and 29 aillion tons per anmum, of which over 90 per cent is produced in the South-
Bant Asis/Par East Region. The two largest producers are mainland China and India,

Wllirg, Bren Composition and Proverties.

3. The three products of ailling are bran, polish and husk, Bren, which includes
the gers, aoceounts for 8 per ocent, pouahi'pa-oontmdtmkmpormwmht
of the unprocessed paddy. It is only in large rice mills that the ocomponents oan
be completely separated, and much bran is ocontaminated with musk.

4. DBran oontains 15-18 per oent of oil, whdch is subjeot to repid lipolysis unless
stabllised by steanming or otherwise. Mran from parboiled rice is more stable,

Rice Bran as a Source of EKdible O11.

5. Rioe o1l 1s roughly equivalent in promerties to cottonseed or maise odl.
Ourrent werld producticn is only *ome 150,000 tons per annus, despite a much Sater
potential in terms of raw msterial rescurces. Japan is the largest producer with
an annual production of some 50,000 tons.

6. The &iffioculties of expanding production are related to the small sise of mny
rice mills, making it difficult to collect sufficient fresh or stabilised bran ¢o
support an economic scale of production,

1. momnpwdbysdmt cifnoticnotbnnvithhmu. The smallest
mmtnndmzsmwm. ]

Rios Bran ap Anisal Peed.
8. Rioohnnhbmmtlylhoatmlmholxunduudnlhd. It contains

n-lkpwocntcrubwotcinmmnpcoentmmro. Rioce bren protein
:I.sr:wbuin‘blimtbnt.Mtof-inaarico, and rice bran is also rioher in B

G,



9. mmwwman-umm«mmmummm.mm
offeot of rencidity en palatabilivy,

13. Mmmmmmupmnmuhmmrmm
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Introdwtion.

1. Rice in by far the most important ceresl grown in South-iast Asia and the

Par Rast, In 1969-70 ammsl produstion of rice in the regicn (expressed as milled
rice) was estimated at 182,135,000 tons, of which 94,000,000 tons and 59,649,000
tons were produced in minland China and Indis respectively. Production in South-
Baat Asia and the Far kast oonstituted some 91 per cent of a total estimeted
1969-70 world production of 200,550,000 tons of milled rice (Anon, 1970 a).

2. VWhen paddy is processed into milled rioce 30-35 per cent by weight is lost as
by-produots, of which about orsthird is represented by bran and polish and two
thirds by husk. If all the rice produced in the South-East Asia/Far East region
were processed into milled rice a minimuas of 26,019,000 tons of bran and polish
would have been produced in 1969-70, This is by any reckoning a massive rew
material source, and its effective utilisation is of vital importance.

3. Statistios for the estimated production of rice and its by-products during
1969-70 are given in Table 1 below. )

Teble 1

Estimated Rice Production 199-70 in Different World Regions
( Anon, 1970 a )

Region Production ( Thousands of Tons )
Paddy Milled Rice Husk Bran and Nlish

8.5, Asia/Far Bast 260,193 182,135 52,039 26,019
dNorth and South Aseries 12,90 9,040 2,583 1,291
Middle and Near Bast 3,7% 2,611 Té m
Africs, South of Sahere 2, 1,985 559 Fel)
Vestarn and Southern Rurcpe 1,610 1,127 322 m
Soviet Union 3,500 1,050 300 150
Meoellaneous 3, %0 2,652 m2 b1, 3
fotal 206,500  200,5%0 57,%1 28,659

4. TProduction figures for silled ries, Mk and bran and polish have been
oaloulated fres those given fur paddy, on the basis of respeotive yields o 0, 0
and 10 per cent, and should not, Sharefore, de teken as ectual produotiom.

%




Necessary to use a specialised method of processing .ntoc an edible ferm. Pldy
has a hard fibrous outer husk to whioh the grein itselr ia attached, The hushe
; mutmntbwtmpcmbymcttmm,n.ndmmihblot‘erfn‘u
| even to rusinant animais besauss of high silics content and their abresive mture,

6. The kernel inside the outer huek 1e eovered with the so-eslled "Fericary’ o
"Pran” layers, which ars the remsins of the ovary walls. These are resoved during
the first stage of ailling dehusked rice together with the seed eabryo, and the

two together form the rice bran of commerce. Under the pericerp layers lie the
so-called "Aleurone” layers, which are removed in the final stage of milling, and
which are generally referred to as polish, The starehy core remaining after
removal of the pericerp and aleurone layers and the gera ia referred to as milled
rios, Inoffieicntdllnﬁold-ofnboutapc«ntotbm(mludnm)nl
anmtofpolish-yhmtod.

7. Intbolu‘urriuluh. processing ia carried out in theee etages vis.
husking, ailling and polishing, so that it is possibla to collect esch by-produst
separately. In smaller sills, however, the operation Sy be in two etages, the
polishing and mlling being esrried out together. In the ssallest mille all theee
operations may be cerried out Sogether. In suoh mills it will obvicusly be
diffioult to separate the three by-products 50 as to market them individually,
Details of techniques and mehinery used for the conventional proceseing of riee
are glven elsewhere ( Aten ot al, 1558 ), Hulkimhnnrnllymidmby
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similar ressons. Az the periesry is fibecus in meture, brar "m: a niyher fiore
eontent than hushed ar milled riee, or pelish, Figures given ir the | ilerstare

fer the prexisste compositiom of riee and its by-produsts are given in [able ¢
below,
m;! 2

Composition of Rise and its By-Predusts

Maserial Proximate Compesition ( Dry Sesis ), per sent

Crude Pretein 01l Crude *ibre Aar M troger Pree dwtrest

( e.2% )
Nushed Rice 10.4 2.) 1.} 1.3 L
Mlled Riee a.% 0.5 0.% Jd.6 8.9
Mash 3.3 0.9 .2 21.9% ¥%.1
) 136 15.0 12.9 .6 s .0
Pelish .2 W9 3.0 11.0 5.9

9. The cemposition of milled rice and its by-gredustis vill doyend very greally ea
Aindtie) conpesition and the silling teshniques eupleped, and figures givem ia Ve
nmmuamumu.mmpuoumt-ynmu. I
48 @iffisult te separate husk, bwen snd polish cempletely ia all but the et
offisient plants, and sose adaiziure with small pieses of broben nilled rice is
ales likely, For the smaller less offieient mills, shavefore, the by-produsie are
mubc-ﬂbtduaﬂcﬁmi‘xmmummwu
of Musk, bran, polish and seall pleses of silled rise. A good emnapls of this 1o
dm\yum-byunn(xﬂ),mu.mwdtmuquﬂmdﬁu
mt-muutmumxmmumummzm
Mmdﬂnwhnmdus(?m,mdmdnm)d
mm&-mwrm‘n-gfmmnmnwmm)
were idemtified. NMowever, it was poimted sut thet oven this slassiliention wae
arbitrery and very dopendant en the rise sill eperater. Bvideuse wes slee preodused
-tmmamma»-'m,muouuuummucb
varioty of rice silled and the losality ia whieh it was grewa.

». N“dlmofi-u-dmm'cu-ﬂuwu
stabdliny. bmu“m--muutnuuum--
mwu-u«m-udru-mawummmu—u
mm(c'um-‘)ummunmmwﬁtﬁ
fyes fatyy asid contemt #mﬂqmﬁn“!nﬂh“
numnuﬂznm,—mmmmr-m““
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reaching ssout 6~70 per cert witaia a ssmta ( Barii and Ree, 191 ), id palyeia
euser artreated wran te tevelop o mplessant remid sdwar and Mlevewr during quite
shert storage pariods .

1. <ate of lipclysas in weran is dorendant em meist re cemtent and storage
temperature, Drying te meisture eontenta of lese than & por oert will reterd Bat
mot stop lipelysis Sotpisteiy, wriie storage at low temperatures wii. aise redise
lijase setrivity ( Lees ot al, i ), Jas plaem irredisation s sise been reporsed
S0 lahicit lipslysis ( Roseman et al, 143 ,, Hewover, the best nothode of limdting ﬂ
lirelysis in freeh braa frem a commersiaj ssandpoint are the remsval of the oil wy
Selvert ewtractien, and/er the Lmaetivation of the lipelyi.e oniynse ( lipases )

by stess trestment, In the lLatter o mmestion it hae boen show: that steaming at
Somperatures elightly in eneess of W0 dagrees C imetivates the lipases within
510 mirutes ( igwm, 1969 ), hyh-unulwmcr-ramtddﬂm
alse inhidite lipalynis offentively by both Llametivnting s lipaeee and reduwsing
meisture oontent { Loed ot al, 199 ),

12. Nrbelling of puddy vefore odlling by seadtbng, Neaning and drying, aeing
oither the wedltional sotinds or ‘he mre sephioticsied precedurss doveloped in
e A ( Aten ot al, 19 }o would ve expevted %o s/fmet oPar Gemrosition and Lts
$1adility te lipelyeis, and in faet it hae been Poported the . bran from pasrbelled
riee in mere stable vhan that Proe silled rice ( Heremas, 1967 Jo The feliewing
sompusitionn] Sate were resently reporied for i1st ami 2nm wRliy wan produned

from mee ond pprveiled rice in Carion ( Siriwardens, 1% )s ond sre given in Teble
3 “l”c

.
Songeeition of tice Mrea fre Segien

Amalyeis ea fres New Rise Wen fres Rrdeiled Reee

por oams It ey i ity It omity e dmity
My Btrvee 8] " "9 ».3
Grate Moteta M. & A8 | 9
1§ - W ] (¥ ) n,) 8.5
Crede Pibee L 3 ) {9 ».e 2.
Ak ) ny . L 79 .8
Neregm Mo

.y aY .3 »n.
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14, La=t y, the new "K-M" method of simiitanecasly miliin, ano solvent. extractin'
rice =0 as t. prodice s s‘able ediols oran "Protex” ) should >e mentisned \ Lyun,

194 j, put this socess ie to be dealt witn in anotner paper to ce presatad,

Aice “ran as 7{_?.91,-":’0 of &disle 0il,

15, Tha oil sortert of r.ce dren is obviou=ly very var.acle, bu. that produced in
large effiziant will= may de expested to contain 1>-13 per cent of oil ( Reddi et
al, 1483 ), Refined rice oil produced froe fresh or stabilised won-runcid bran is
a useful edidle oil roughly equivalent in properties to cottonseed or corn oil,
However, the properties and uses of rice oil are tc be deait with in ancther paper
to be presented,

16. One of the problems of produsing rice oll in less devsloped countries is the
scattered looation and small sise of moet of the rice mills, which nakes it
diffisult to sellest suitadly large quantities of fresh or stabilised bran for the
predustion of oil on an esonomic seale. It is only when suppliss are available from
large milis that oil produstion is poseiola, These difficultiss are reflected by
the very low produstion of rise oll in most rice producing countries at prseent.
Bfforts are presently being sade in Thailand to develop small scale steaming

plante based on the sutoslave principle, for stabilising bran from milla produoing
as little as & tens o bran per day ( Hermans et al, 1970, Hermans, 1970 ) The
greater stability of bren froa parboiled rice hae already been mentioned above.

17. Japan is by far the largest producer of rice oil with a owrrent annual
predusiion of 930,000 tons of wwefined oil. This ie prodused froa about one half
the smnual predustion of arcund one million tons of bran ( #itsubishi Shoji Faieha
Led., 1970 ). India and Burws are cash eotimated to produce about 20,000 tons of
rice oil por amnua, while Taiwan, Scuth Kores, Thailand and the U.Y.A. have
estimated awvwal proedustiens of 3,000, 6,000, 5,000, and 5,000 tons respectively

( Amem, 1970 » ). Tetal world produstion of rice oil is probebly only slightly in
emsess of 150,000 tems per annum, emeluding possible production in mainland Chira.
This is, of eowree, well below petemtial production based on tha total amount of
wen predused, vhioh ia Indis alene may e not such lese than a xillion tons

( sosuning the oil eentent of the likely predustion of 6 millien tons of dran to
b0 15-18 por oemt ).

5. The sethnd preferred for produsing oil fros rice bren is that of solvent
entrastion. It has boen reperted that scme 20 years ago most oil was produced in
Jagan Wy hWpdveulis preseing, hich enly reseved scme 30 per eent of the oil

( Dodit ot a1, 1900 ), but this hee new Deen superceded by medern sclvemt extreotion
plamte ( Amsm, 1970 b ). The enpalier precess 1o lese suiteble due o the low
odl comtent and bullk fibeeuws mture of rice bven. The selvent geansrally used is
homans. The cslvent extsuction of 7ioe bres was extemsively stulied in the U.8.A,
ssns 50 peare age ( oug. Dbl ¢t al, 1900 sad Greet ot al, 195) ), and varieus
ANeulities ssseniated with e giguisal mture of rice brea were overvems o
ghve & grwsese wmitalide Mur Fentine cnmereiel eperatien.
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19. Solvent extraction does not lend itself to very small cupacity working and

the ainizum size of plant which could be operated comuercially would have a
capacity of around 25 tons of bran per 24 hours, Assuming a 300 day per annua
operation, this would entail a sup-ly of about 7,500 tons of bran ber annum i.e. the
output from mills processing 75,000 tons of paddy. The annual production of crude
oil from such a plant might be in the region of 1,000 tons per annum.

20. On the basis of current prices of edible oils with similar properties, the
current value of rice oil might be in the region of US ¥ 380 per ton, while the
value of rice bran might be only one tenth of this e.g. the quotation for rice bran
in the U.S.A. during late 1970 was only ¥ 36-45 per ton. On this basis the sale
of defatted rice bran and oil might be expected to Yield around twice the revenue,
which would be obtained by the sale of unprocessed bran, making it soonomically
advuntageous to inorease rice oil production in the less developed countries of
S.z. Asia and the Far East. However, it will be essential that adequate quantities
of fresh or stabilised bran are locally available so as to provide sufficient raw
asaterial to sustain an economic scale of operation. It is unlikely that this
situation will arise except in the oontext of large modern efficient rice mills,
and the expansion of rice oil produotion will be dependant on rogress towards the
nodernisation of rice milling in the less developed countries.

Bice Bran as Animal Feed,

21. Cuwrrently, rice bran is ussd almost entirely as an animal feed, It has
already been mentioned that world produotion of rice oil is at resent only around
150,000 tons per annum, meaning that only about one million tons of rice bran is
defatted, and that all but 3~ per cent of bran mroduced is fed to animals without
further processing.

22. Pigures given in standard reference works for the proximate composition and
feeding value of commercially available rice by-products and other feed concentrates
produced in 8,E. Asia, are given in Table 4. It will be seen that rice bran and
Polish ocontain about 12-14 per cent of crude protein, which makes thea rather
superior in this respeot to common feed cereals, but inferior to oil seed residues,
The orude fidre content of rice bran is like wheat and maize bran rather high, but
that of polish is muoh lower. Energy content as expressed by total digestible
nutrients ( caloulated for ruminant animals ) 1s quite high in the unextracted bran
and polish but ie cbvicusly oonsidersbly reduced when the oil is removed, Defatted
rice bran is compareble with wheat bran in energy content.

23. The high fibre content of bran Bakes it largely unsuitable for inoclusion in
unlisited propertions in retions for Bonogastric animals, and it mst generally be
Mﬁuumuclluwﬂhmoontmt %.§. cereals. Bran can be feod with
mwmwwm:,Mmrm.wmmmmgrtm
ocnoentrate component of the retion. Th-lwfm-omtontorponmmitvny
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24. It has already been mentioned that there may be considerable mixing of rice
by-products particularly in the smaller less efricient mills., This is not very
serious if a mixed by-product containing bran, polish and broken endospern is
produced: this material is commonly marketed as "Rice Feed" and is atill a very
valuable feed with a fibre content intermediate between th:t of bran and polish,
However, admixture to even a small degree with husk will sericusly impair feed value,
and render it unsuitable for fesding to monogastric animals, It is likely that
most bran produced in less developed oountries is contaminated to some degree with
husk and it is in fact quite common for it to be graded according to husk oontent

( e.g. Limangco-Lopez et al, 192 and Siridarwene, 1969 already noted above ),

25. The percentages of nutritionally important minerals in rice and its by-products
are given in Table 5. It will be seen that rice is like most other careals poor
in oalcium and iron, and rich in phosphorus. Most of the minerals of husked (brown)
rioe are concentrated in the Pericarp and aleurone layers and the germ, and bran

and polish are, therefore, comparitively rioh in these. It has been reported that
about 90 per cent of phosphorus in bran is prerent as phytin, and is, therefore,
largely nutritionally unavailable ( MoCall et al, 1953 ),

26. As the B group vitamins of rice are like the minerals concentrated in the gorm
and pericarp and aleurone layers, bran and polish are rioh in a1l of those which

dre nutritionally important with the exception of oyanocobalamin ( B12 ), This
makes them important sources of B vitamins for monogastric animals., Typiocal values
for the vitamin B oontent of rioe and its by-products are given in Table 6.

2]. Rioce protein is like other oereal proteins deficient in lysine, and this is in
fact the limiting amino acid, Figures for the essential anino acid composition of
rice and its by-products are given in Table 7, and it will be noted that the protein
of bran and polish are markedly richer in lysine than that of milled rice. This is
due to differences in proportions of the four main proteins of rice vis. water
scluble albumin, salt soluble globulin, aloohol soluble prolamin and alkali soluble
glutelin in the proteins of endosperm, bran and polish, It has been shown that the
@ean parcentages of the four component proteins in samples of rice grown at the
International Rice Research Institute, Philippines, were as follows ( Cagampang ot
al, 1966 ) :-

Albumin Globulin Prolamin Glutelin

Milled rice 5 9 3 83
Bran 37 36 5 22
Polish 3 b 5 51

28. It will be seen that bran and Polish are muwch richer in albumin and globulin
than milled rice, due presumably to their greater presence in the gera and pericarp
and aleurons layers of the rice grein, Only milled rice and polish have most of
their protein as glutelin. As albumin contains more lysine than glutelin, it is
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Table 5

Minersl Content of Rice and its By-Produots, Per Cent.

Klement hrown Ricel  Milled Rice’  Brar®  Folisn®  Protex Bren’

Calsius 0.08 0.01 0.06 0.0k

Phospharus 0.29 0.10 1.82 1.42 1,50
Potassiua 0.3 0.08 1.7 1.17 1.49
Nagnesiua 0.12 0.03 0.9 0.65 0.22
Iron 0.002 0.001 0.02 - 0.02
Nanganese - 0.001 0,004 - -
Copper 0. 000k 0.0002 0,00 - -

1. P.A.0. (198) ' 2. Punds and Oupte (1965) 3. Lynn (1969)

Table 6
P

:mumomww-m‘sugm, Mero gpor §

Vitamin ‘Brown Risel  Mlled Rlod Drax?  Polish®  Protex Bran’
Thissine 3.0<5.0 0.6=1.0 2.0 22,0 10.6
Riboflavis . 0,8=1.0 0.98 2.0 2.2 5.7
Niootindo Aoid 85 15-20 336 % 308
Pantothenio Asid 17 6ol 7.7 33.3 -
Pyridoxine ' 0.3 5.5 25.0 20.0 19.2
Oholine - 880 1700 1021 -
BMotin - - 0.60 0.57 - ‘
Inositel - - 827 4536 - )
p-Anincbenselo Aoid - - 0.7% oy . -

2 PG, (A9W8) & Kk (1386) 3 lewm (%69) |
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Table 7

Besential Amino Acid Content of Rice Protein, g per 16g N

L, T g AP i

| Amino Aoid Milled Rice’ Bran? Folish! Protex Bran®
: . Iso-leucins 4.63 3¢ 9% 3.80 3.60
] Leucine 8.0 6.91 6.58 7.60
¥ Lysine 3.51 48 4,66 k11
Methionine 2.88 2,32 2,78 1.95
i Cystine 2,52 2.32 2,57
| . Phenylalanine 5.20 b7 4.18 .53
Tyrosine 4,86 3.13 3.39 3.28
Threonine 3.53 3.78 3.52 3.8
Valine 6.45 6.00 5.57 6.00
Tryptophane 1.3 1.92* 1.42° 1.30
1. Houston et a1 (1969) 2, Lynn (1969) 3. F.A.0. (1970) &, Kik (1986)

5. lain and Rodriges (1965)

Table 8

Nutritive Value of Rice Protein, Per O
w

Deterniration Brown Ricel Milled Rice  Geral Bran Protex Bren’

Nﬂtﬂﬂht’ “c , 970 9 “o 9 - -

Net Protein

Utilisation (NPU) - 57.2 61.9° - -
Protein Bfficienay . . | "
Ratio (M) 2,18 . - 1.6“10, 1.7-1, 9

1. PA0. 2970) 2. xik (2956 ema 2967) 3. Lrm (1969)
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inevitable that the protein of bran and polish should be richer in lysine than that
of milled rice ( Houston et al, 199 ).

29. This higher lysine content, which is somc L7 per ceut in excess o: that of
milled rice protein, gives bran and polish a considerable nutritional advantage
over milled rice, This would be expected to be reflected in figures ['or the
biclogical assessment of protein quality, but unfortunately thers appears to e
little reliable published data on this, and such that is available ( see Table J )
does not really provide confirmation for this,

30. Before going on to discuss the experience gained in usin’; rice bran and polish
for animal feeding, it is necessary to mention once more the difficulties which may
ocour due to lipolysis, Unstabilised bran which has become rancid, may be
unpalatable to animals, and it is, therefore, highly desirable to stebilise it by
steaming, Solvent extractiun will largely remove f'lavour problems vut will reduce
the energy velue of the bran, The possitility of contamination with husk especially
for material emanating from smaller mills shoulc &lso be mentioned agairn, as the
experimental results cbteined ( especially with monogestric animals ) and the

recounendations based on them, assume that the bran is uncontsminated with husk.

31. Rice bran and polish have been found to be very suitsble tor incerporation in
pig raticns, and there are many references in the literature to their use in thie
way especielly in the U,S.A. However, it has been reported if fed as too large a
proportion of the ration, serious scouuring in pigs of less than 80 pounds weight
could be caused, and that carcase fat may become too soft ( Morrison, 1956 }. More
recently, experiments were conduoted tc formulate revised recommendations for the
use of rice bran in pig rations in the U.S,A, It was concluded that pigs weighing
above 50 pounds could be fed a ration conteining 20 per cent of rice bran, the
other constituents of the ration being largely maize, soya meal and a vitamin/
mineral mix, Rice bran could replace all the maize in rations for pregnant sows,
constituting about 80 per cent of the total ration. Rice brun was not recommended
for incorporation in rations for nigs cof less than 50 pounds in weight ( Thrasher
et al, 1967 ). Seatiasfaotory performance with regard tc weight gain and oarcase
quality has been obtained for growing and fattening pigs fed on raticns consisting
largely of rice bran with either fish mesul or soya meal in the Philippines ( Bistoyong
ot al and Balderama et al, 1968 respectively ).

32. Due to its low fibre content rice polish is particularly suitable for feeding
to poultry, which have a low tolerance for high fibre rations. Its role in the
ration is that of an energy provider replacing part of the cereals normally
included for this purpose. The high requirement of poultry for B group vitamins
makes bran and polish, which are particularly rich in most of these ( see Table 6 ),
very suitable for poultry rations., It has been shown in India that up to 40-45
per cent of cereals in poultry rations can be replaced by rice polish, and that it
ocan be incorporated to the exient of 30 per cent of the total ration for laying
birds ( Pinda and Gupte, 1965 ). Workers in the U.S.A. have shown that chicks fed
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on a ration containing 10-20 per cent of polish gave a satisfactory growth
performance ( Upp, 1933 ). Although bran has a higher fibre content it can still
be used for poultry rations proviced that it is not contamirated with husx. Mixed
bran and polish has been used to constitute as much as 40 per oent of the total
ration for poultry in India ( McArdle and fanda, 1560 and 1961 ). The same authors
considered that bran with a fibre content in excess of 15 per cent (due Presumably
to husk cortemination) shoulé not be used in poultry i‘ations. The removal of oil
from polish by solvent extraction obviously reduces energy ocontent. workers in
India have alsro produced evidence to suggest that growth mromoting factqors are
removed with the oil, and that de-oiled bran supplemented with fat did not produce
the same response as un-extrsoted polish ( Sidhu and Nagpel, 1964 ).

33. The high fibre content of rice bran mekes it most suitable for feeding to
ruminant rather than monogastrio sanimals, This is espeoially so if it ia
contaminated to any degree with husk. In fact most of the world production of rice
bran is fed to ruminant animals as & coroentrate to supplement the main ration of
herbage and other roughages, For example it has been reported that in some rice
growing states of India, rioe bran may be almost the only oonoentrate fed to
ruminants ( Panda and Gupte, 1965 ).  Workers in the U.S.4. have shown rice bran to
be very suitable for feeding to dairy cattle, and when forming not more than one
third of the dairy concentrate it was approximately equal in feed value to whieat bran,
It was also reported that too great a proportion of rice bran in dairy rations could
result in the production of soft butter ( Morrison, 1956 ). Rioe bran is also
suitable for feeding as a large proportion of beef and dairy concentrates, It has
been reported that it has been used to form up to 60 per ocent of the concentrate
ration of dairy cowe, and woriing bullocks and buffaloes in India ( Panda and Gupte,
1965 ).

M. Summarising, it will be seen that rice bran and Polish are very useful

materials for incorporation into feedingstuffs. Polish is especially suitable for
Pigs and poultry due to its low fibre content, while bran is most suitable for sheep
and cattle. However, if these materials are to be used to feed animals in acocordance
with modern scientific principles, it is essential that they be very carefully graded
with regard to poesible husk content, and that only the highest grade materials with
low husk coni. te by used for pig and poultry feed. In conjunction with this

efforts should be made to ainimise husk content of all bran and polish so as to

ensure the higheet poseible mutritive value,

35. If it is intended to use unextracted bran as animal feed it is important that
the oil be stabilised by steaming ismediately after production if it is not
intended to feed it very quiokly to animals, Solvent extracted or oteanmed material
Bust be dried to a safe moisture content level ( say 14 per cent for fat free and

11 per oent for unextrscted material ) bafare storage if moulding is to be avoided
( Panda and Gupte, 1965 ), k ‘

36. Assuming that stable Poduots uncontaminated with husk are available there is
mmvhyri«brmmdpolhhahoudwtbo mJjor raw mterials for the




industrial production of compounded feeds in S.E. Asia and the Far Eest, together
with other Jocally available vegetable products suoh as cereals cother than rice ang
their by-produots, cottonseed and groundnut expeller cake, soys meal and molasses,

Export Potential for Rice Bran as Animel Feed.

3T. There is a large and inoreasing demand for imported animal feed meterials in
the developed oountries of Western Europe and Japan, To satisfy this demand large
quantities of oilseed cakes and meals and other materials are exported from the

les: developed cour.ries of the Par East and South-East Asia. Exports of rioce b—nn
at present form only a minor part of this trade but nevertheless the quantitiss
already exported are by no means insignificant. PFor example offioial trade
statiatios show that 61,400 tons of solvent exiracted and 1,356 tons of unextracted

period April 1965 - Merch 1966 ( Anon, 1966 ). There is no reason why this trade
should not be expanded considerably provided that material of ths appropriats
quality can be produced.

38. Feed compounders in developed countries mey use a great variety of meterials
in producing thsir feeds, The oriteria whioh they employ in selecting raw
utorm. are primarily those of nutritivs value in rslation to the fsed in which
thsy sre to be incorporated and price, but obviously other faotors such as the
presence of toxic factors, palatability and stability must be taken into acoount. ;
Competition between menufacturcrs in oountries with well developed compound fsed
industries is so intense nowadays that they must keep a very oclose watch on raw
mierial ocosts, and it is the general mractise to regularly work out least cost
formulations to achieve set nutritional specifications with the assistancs of
cosputers. This has led to muoh greater flexibility of use of raw seterials, and
has provided the opportunity for many new sources to be exploited. Nowadays,
mnufacturers are willing to consider any saterial which is offered to thes provided
that it meets specified standards with regard to quality and that the price is right,

4
i
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1
|
|
|
|
|
rice bran valued at arcund 12 amillion rupees were exported from India during the !
|
|
|
|
|
|

39« If the export trade in rice bran is to be expanded it will be necessary to
snaure that only oonsignments of certain minisus quality standards are exported.
The material will need to be substantially free from husk, and if unextraoted, the
oil should have been ntabilised. It will probably be necessary to provide
specifications at least for minimum orude protein content ( say 12 per oent and
4 per cent for unextracted and extracted bran respectively ), and saxisua crude
fibre { say 12-13 per cent ). Specifications of this type will also be needed
for polish and meal ( mixed bren, polish and broken endospers ).

40. If specifications are agreed with importers it is adsolutely viullthlt they '

are adhered t0./ It is very amnaying to campound feed mamufacturers, if they csmet it
WnWNtydgwmm,me»rﬂmdhfm :
demad and lower rices. It should be eaghasised thet it 1s not suffiotient to Fely
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on compensation clauses in contracts to allow for lapeee in specified standards,

This will obviously cover the importer for monetary loss for individual consignments,
but will not ocmpensats hia f'or any

additiona} trouble caused in inoluding it in
his forwulations.

41. It is difficult to state a value for rice bran on the world Barket in preci-e
konetary teras, as feedingsturfs vary in prioe depending on Supply and desand,
However, defatted bran would be expected to
o than that of wheat bran. Undefatted rice bran should Comzand a higher price
a provided that it had been stabiliged and was not rancid, as the total Aigestible
P nuirients are about one fifth higher than those of defatted uran,

- Present and Potential Use of Rics bran and Polish as Food.

b 42. There is little need to repeat the By statements whioh have bssn mde in

| recent years drawing attention to the ourrent dofioiamy of protein in the diets of

mny inhabitants of dsveloping countries ( ®.8. Anon, 1968 ). It 1s rather
: ; ironical tkat in South East Asia and the Par Last many materials whioh have high
' ' oontents of protein of high nutritivs valus are at present used(either internally
or exported)as animsl faed, Rioe bran and polish are Among these, and in 1969-7%
sose 12.5 million tone of these materials %ontaining about 1.5 million tons of
protein may have been used in thia Y&y in oountries of the region other than
minland China ( see Table 1 )e

43 It hes alreedy been noted that due to the higher proportions of albuain and
globulin proteins in the pericerp and aleurone layers of rice, the protein of

| ‘ bran and polish is richer in lysine then that of milled rice ( see Tadle 7 )e As

! lysine is generally considered to bs the asino acid most defioient ( i.0. limiting )
,' in rice and wheat based diets, the “dvantages of utilising bran and jolish to Ampreve
the nutrition of poorer mesbers of the communities of the S.E. Asia/tar Rast region

on,

Are even more evident, The high content of By members of the vitaain B goup,
' F.A.0., 198 ), would also




-8 -

45. Alr claseification av sieving of fimely greund seivent sxtrected brea, Nave
boom tried as metheds of predusing & meertal of lewer fisre sentent and highew

protein content more sultabio fer feod wee ( Mowston *rd All Nchaamec, L #6 ). Ihe
resulte of experinents condusted with regard e air clsesifiocetien are sussarised
1a Table 9 below., It will be seen thet abeuwt ems ausr.er of tre starting ssterial

oould be revsevered as frastions ( 1 and 2 ) sarbedl, iower in Pibre and richer in
protein than the erigimal, but it wes sonsluded thet the overall resu.ts were
omarally unee isfestery. Sieving wvae esonsidered tc be a siapler ans perheps mere
preadeing aprrosoh, and the resulis of passing ewitrected riee bran through o
suseension of sieves of Lneressing [inensss are giver in Table .J belowm, It will
be soon that sheut ) per eomt of the bran passed tihe 10U meen siove, and that

this very fine mterial was rether rioher ia pretein and cereidersbly lower in fibee
than the starting mterial. 1t was commluded that o sieving operstion to recover
about ene quarter of bwran as an ofidle mierial, sight be an esorweis prepesition ia
rise sills, partisularly in werld regions wiare pretein was deficiont.

Whle )

AMr Classtifisstion of Fiowr fres Dufateed
Califernia Parl Rice Dran

)l veloce e &y veignt Poote)

Cemposi tien
Pastien of Hr Moteta Ash e " ore

nterial ] % d »

Orighaal 30,0 .6 1.9 0.9 1.4
Prestien 1’ 17.0 .4 0.7 .® 6.6
- 2 6.0 W2 u.) g S 61
= a7 TN (¥ . (WY
e | W) M. s.1 .9 (WY
° ] %3 un.e “» K [ W
. W ] WY ~ 67 0
- 7 9 (%) »n .9 (WY
 SOVV 2.2 (W ~9 g A0

* Rrstale sloe Asreases with frastien amber.

. e ATl thes vith ragd © M@ Flive contant &0 ¢ ogply o pubied and
$¢ W0e domn woed i vy listted Quatities fur tasurpusncien i Mafent fesds o
We U.5.4. ( Bousten and A)S Butmsned, 386 ). I puiied ant bown ( end gare ) ave
mwmmmhmwuuumum
Wes el been. Tie 50 the case A0 PPOOES W pule of We I-8 presese,
Gideh e » regeried fise contens of 60 g Gt cungured wieh et of o0 B &0
3 pw éan for mvwl ceyasteld toen,  IUULED 150 ek Ghuve W b subtsble fur
anwpretien (o ¢ suber of Selnd refute Sasbuling Wend end Nenudts @ © &




Bash a8 15 por eent witneut Ldverse.y affeetisg Appoaresse and palevad.iit;. It
inovwrpration in preducts bsased on wheat flow would ve sipected %o mave a senelicia)
offest on protein atilisation due tc tne lysie supiieversary offeet o wheet

Protein whier is aer'isiemt in lysine. oL :isc Buntributes & Proup v.taw.ne.
Protex has aise See. ssed i poportiong of 4p 1o one tRIird with rise Piour ".¢ tne
odauction af extrude MrodBLE, OBSis .y suiimo.s as bren w13t "seds ar susen »ases.

Table 1y

Sieve Classifiea’ .on of Defatiea Califern.a Pear] tise ven
(u} alaee an &y woight Basis)

e v

Conpesition
Prestion of Yoi g Prosein Aok 1Y Piare
Material % % % ¢
Origiml 198,0 30.6 1.3 3.9 e
On 20-ugeh 3.} 6.6 5.1 4 12.9
" &0-meoh 7.5 8. 6. 8 .0
" 6O-mesh .0 .8 1) 98 i)
* 100-sesh ) 16.0 %*%19 o 3 32,7
Threugh 100 -aeeh 29.% i1.9 9% 2) .G 5.2

47. Suamrising, Share would oppear uboo-u-ahmfumm
mdlﬂlcﬂtttﬁnﬁwnﬂpuuuh‘fﬂ, Preovided et An e ease
o Wran, fibee it 1s reduced to Meseptable levels.  Ae you, however, \hay have net
muhmthﬂamumutﬂ-‘bﬂnmhafw




srusctanmiely, extreetion at fairly migh ph's ls necessar; to achieve reasonable
71eida of protein eoncentrste am sven then extra.ct ton is far from complete. It
mas besn shown that extrsction at pi 11 ( the optisur ) solubilised only about U
ser esant of the orotein of defatted rise bran., Precipitalon of the solubilised
sran at ph 5.> yieldea an 3> per cent wolein concentrate corresponding to a
recovery of 37 per een of the protein in the starting saterial i.e. the rize bran
(Cher: and Heaston, 1970 ).

%. A more detailsd prosess based on these principlss has been desoribed for the
produeti>n o° a protein eonsentrate from ogrotex bdran { Lynn, 1969 ). This process
is susmarised in a sisplified fora in Migure 1. A feature of this proceas i= the
removal of carbohydrate ensywisally before alkaline extraction, to avoid vossible
leas in protein quality due to non-ensywatio browning. The precipitation of the
sol dilised protein at pht 5,0 is said to yield an off-white bland paste contalning
70-75 per eent of pretein ( d@ry besis ), This may be dried to a establs film, or
pressed te form a eheese-like material. A number of difficulties with regard to
epereating this process were pointed out. In partiocular the heat gelatinisation of
the staren before enaysi: hydroiysis may eause off-flavours and diminish protein
selsilisation. Alse o timam pi for selubilisation is oritiocal, and tends to vary
betwoon diflerent varieties,

S1, Rise protein cencentrate ean be used with riee flour to form extruded pasta
\rpe produsts with a proteia eamtemt of 20-25 per eeut ( &ry baeis ). It ocan also
be uned in combimation with rioe oil and suitable emulsifying agemts to fors an
isdtation silk centaining 3.6 per eent protein, & per cent fat and 4.3 per oent
earbohgdrate. This initation ailk may be used te make various carasel confectionary

m.o

2. While the abeve peesible uses for rise bran and rice protein concentrate have
boon dossnstrated, commereial expieitation has up to now been sinisal, The
wtilisstion of rise bran and protein eensentrate ae food ie fraught with the sase
&i’Tioultieos whish have faced all the new pretein fouds, which are those of
martsting rather than feoed teshnoloegy. Thie is especially true in developing
engtries where the potential custensr whe Reeds extra protein in his diet does mot
heve the ssmey to Wy the prececeed foeds which oculd e used as & vehicle for rice
pretein sasentirate or bren, These sestiens of the public whieh have mongy to
q-dnmhd--:u‘tmm”dthu.nluwmuyﬂwu-m
Sindr sonay en sessthing e¢les. Indsially, pertaps the sost promising approsch
wumumenuuu-dndmvpmmm. on the lines
of the NAghly sussessful "Vitesey" of Hamg Keng.

$3. Tue puseibilitios of wiilising mow vagetedle pretein mterials in develeped
mugmmmmemmam-umt

emiagess, are slsaye everuhabived by the euietense of unlisited sugplice of sape
flowr, shigh $o ewvealy swmileh)s ot chout 3O cemte por kg pretein ia the U.S.A,
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Pigure 1

Production of Protein Concentrate from "Protex®
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!
Unless a market oan be developed for foods in which specific desirable funotional

propertiss of rice bran oan be exploited it is unlikely that sdible rice bran or
protein oconcentrate oould be marketed to any extent.




_Ref'erences

Anon ( 1956 ) Monthly Statistics of Foreign Trade of India, Depertment of
Commercial Intelligence and Statistics, New Delhi, India.

Anon (1968 ) "International iction to Avert the Impending Protein Crisis",
Report to ACAST, United natlone, Mew York.

Anon (1970a ) Rice Bulletin, 16 No. 12, p 233

Anon ( 19700 ) J, Food Sei. and Technol. 7, p 83.

A. Aten, A.D, Faunce and L.R. Ray ( 1958 ) "Equipment for the Processing of Rice",
Agricultural Development Paper 1.0, 27, F,A,0. Rome.

7.8, Balderams, J.A., Eusebio, R.K. Gonzales and P.F. Alcantara ( 198 ) Philipp,
Agric. 52 (3), p 146,

A.G. Bistoyong, J.A, Eusebio, P.F, Alcantara and R.R, Gonzales ( 1%8 ) Philipp.
Agric. 52 (5), p 287,

G.B. OCagampang, L.J. Cruz, S.G. Espiritu, R.G. Santiago and B.0. Juliano (1966 )
Cereal Chem. 43 (2), p 145,

L. Chen and D.7, Houston ( 1970 ) Cerea) Ches, 47 (1), p 727

PA.0, (193 ) "Rice and Rice Diets", Nutritional Studies No. 1.

F.4.0. (1970) "Anino Acid Composition of Foods", Mutritional Studies No, 24

Js Am, Oi} Ches, Soo. 30 (4), p 139. A.V. Graci, G.G. Reuther, P.H, Eaves,
L.J. MNolaison and J.J, Spadaro ( 1953 ) W.C,J. Hersans (1967 ) Appiiea

Soientific Research Corporation of Thailand, Research Project mo. 13/16 ,
Report lio, 2, Bangkok,

W.C.J. Hermans (1970 ) Applied Scientific Research Corporation of Thailand,
Rassarch Project io. 13/15, Report o, 5, Bangkok.

W.C.J, Hermans, N, Pichitakal and K. Bhuntuakosol ( 1970 ) Applied Scientific
Research Corporation of Thailand, Research Projeot io. 13/15, Report No, 2
Bangkok,

D.¥. Houston and Ali Mohammed ( 1966 ) Rioce Journal (8), p 20.
D.F. Houston, M.E. Allis and G.0, Kohler (11969 ) GCereal Ohgp. 4§ (5), p 527.

W.C. Xik (1956 ) J, Agr, Food Chem, &, p 170.
M.C. Kik ( 1967 ) Ariansas Agr, Expt, Sta. Bull. 696, Payettville, Arkansas.

E.R. Lair and K.5, Rodrigues ( 1965 ) Bev, Nutr, Anim] 3, p 2.
P.D. Limangoo-lopes, P.S, Achmooso, and L.8, Castillo (1962 ) Philipp, Agrie, ,
4 (5) p 32,

J.Ra Loed, N.J. Morris and .G, Dollesr ( 1949 ) Lo dn, 04} Chew, Scc. 26, p 738

L Lyon (1969 ) "Edible Rice Bren Poods®, Frotein-Buriched Cereal Poods for World
Needs, edited by M. Milner, pblished by Asericen Associaticn of Cereal Cheaists.




A.A. MacArdle and J.N. Panda ( 1960 ) "New Methods Pay with Poultry", Government
Press, Cuttack, India,

A.A, MacArdle and J.i. Panda ( 1961 ) "Poultry Guide for the Villager", Government
Press, Cuttack, India.

E.R. MacCall, J.F, Jurgens, C,L, Hoffpauir, W.a, Yons, S, k, Stark, A.F, Cucully,

D.C. Heinzelmann, V.U, Cirino and W.D. Murray (1953 ) J. Agr. Food Chen. 1 (18),
988, ‘

Mitsubishi Shoji Kaisha Ltd. ( 1970 ) perscnal communication,

F.B. Morrison ( 1956 ) "Feeds and Feeding", 22nd Edition, Lorrison Publishing
Company, Ithaca, New York.

K.S. Murti and G.V. Rao (1951 ) Indian 041J.1 (1), p 91.
B. Panda and S.M. Gupte ( 1965 ) J. Food Soi. Technol. 2, p 120,

P.B.V, Reddi, K,S. Murti, and R.O. feuge ( 1948 ) J. Am. Cil Chem, Soc. 25, p 206.

A.S. Roseaan, J.T. Hogan, R.B. Stane and J.C. Webb ( 1963 ) Cereal Chen. 4 (5),
p 568.

G.8. 814nu and N.L. Negpel ( 1964 ) Annual Progress Report, Punjab Agriocultural
University, India.

J.A. Siridarwene ( 1%9 ) Ceylon Vet, J. 17, p 73.
D.N. Thrasher, A.Ud. Mullins and V.B, Soott ( 1967 ) Rice Journal (12), p 10
C.¥. Upp (1933 ) louisiana Agr. Expt. Sta. Bull. No. 243,









