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1. Thi. paper aumjr. th. potential production, ooapoeltion, propertie. ant 
outrent and poaaibi. utili-tion of riot i• wlth particular reference to th. 
8outh-U»t Aaia/Par Saat Region. 

2. Th. potential world production of ri«, bran and poliah i. a..—ed at befrcan 

¿B and 29 nillion ton. par annu., of whioh ovar 90 par cent i. produced in th. South- 

Unt AaWFar Ba.t Region.     Th. two lnrg..t produoar. are «Inland Ohlne and India. 

MilXixi, Bran Ooegoeition and ftrooartw 

3. Th. thre. product, of aUling ar. bran, poliah and huek.     Bran, which include, 
th. «era, aoocunt. for d per cant, polish 2 par cant and husk 20 per cent by »eight 

of th. unprooced paddy.     It i. only i„ larg. rio. 111. that th. component, can 
b. eo.pl.tely ..parata, and auch bran i» contaminated with husk. 

4. Bran contain« 15-1B per cant of oil, whioh la .ubjeot to rapid llpolyaia unl.a. 
ttabili.ed by .toaalng or otharwi...      Bran fro. parboiled rica i. acra .tabi.. 

tic. Bran aa a Sovro. cf Idibla Ojfl. 

5.    Rio. oli 1. roughly äquivalent In prtmcrtioa to cotton*.* or aal», oli. 

Currant «orla jroducticn la only -on* 150,000 tona per annua, daapita a auch greater 
potantial la tar», of raw «»tarial reaouroea.     Japan la th. largeat producer with 
an annual production of eoa. 90,000 ton.. 

«. Th. diffioultie. of expanding production are related to the —" aiae «1 __ 

rice mila, «akin« it difficult to collect cuff ieient froeh or »tabulaci tan to 
•upport an economic loale of production. 

7.    Ho. oil la prepared by solvent extraction of bran with 
•oonotdo unit would procos« 25 ton. per hour. 

Mo. Bran aa Anla^ »^ 

*.     Bio. bran la ourrently alaoat exclusively uaed aa 

12-14 par cent crude protein and around 12 per oent 

i» richer in lyalne tbtn that of Billed rice, and rio. 

The »MllaH 

fibra, 

i» 

Zt 

lioe bran protein 

richer In B 
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1.       Rio« in by far th» aost iapertant oaratl grown In South-iast Asia and tha 

Far East.      In 1969-70 annual production ef riet In th« ragion (axpraeaad aa alllad 

rio«) «aa «atiaatad at 162,135.000 tona, of which 94,000,000 tona and 59,649,000 

tona war« produoad in aainland China and India ra«paotiv»ly.      Production in South- 

laat lai* and tha Far Saat oonatitutad MM 91 par oant of a total aatlaatad 
I969-7O world production of 200,550,000 ton* of alllad rio» (Anon, 1570 a). 

2.      Whan paddy la proe«ss«d into alllad riot 30-35 par oant by waight ia loat aa 

by-produots, of which about on» third ia represented by bran and polish and two 

thirds by huak.     If all tha rio« produoad in tha South-Iaat Asia/Far laat ragion 

«ara prooaaaad into alllad rio« a alniaua of 26,019,000 tona of bran and pollali 

would hav« b««n produoad la 1969-70.     This ia by any raokoning a aaaaiT« 

•a tarlai aouroa, and it« «ffaotira utilisation 1« of Tí tal iaportanoe. 

3.      Statistica for th« «atiaatad production of rio« and ita by-produota 

1969-70 ara given in Tabi« 1 baio«. 

Tabi« 1 

•atiaatad Bie« Proouotlo* 1969-70 In Dlff 

( Anon, I97O a ) 

it World legione 

Iroduotion ( Thousands of Tona ) 

univa Bio«     Huak       Bran tai Palian 

S.I. Aaia/Far laat 240.193 182,135 52,039 26,019 
Xsrth «ad South A «ori «a 12. JU 9,040 2,5«3 1,251 
Itlddl« and Haar laat 3,730 2,611 TU 373 
Arrloa, South of aVtnera t.7f3 1,99» 555 *7f 
Waetern «ad Southern Buroe» 1,430 1,127 382 141 

Soriat Union 1,500 1,050 300 150 
bHaoaUanaoua 3«74o 2,632 752 37« 

total 206,500 »0,550 57,3m 26,449 

10 

fl*ur«s far ailla* ria«, tusk and oran ana fallali bara 

tfcoa« givan far pfeife, on «M baaia of raapaatlr« yield* «a* 70, » 

, ansi twraM not, ttaarafora, bt taken as 

..'JSTMHX. J&»~ £Â&Êd._* J^ß„, **,X:jïa.'*& '•*¿        :¿.a»j*r.,.-; 
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«frUin«. Im GmmmiUmt «nd Prowrti... 

•fe*"*;  *. 

5.     We. «iff« «nrhMly i« «twetar. fro. oth«r N«, .«.n,, mki^ i% 

n~~aarjr to u.. . .j*oiali.M Mtheä of proc*a.i«g .«to « «tibi, for, 

ha. a hard fibrou. ouf huaà to whioh th. grain itatìf i. attacha«.      Th. huai» 

P*n.titv*. about 20 p«r «ant by weight of th. paddy, and ar. ««wit*!, for f .«*«« 

"« to r«M»«nt .ni«., b-au.. ef high .ilio, oont^t and thair aaraai^ JZT 

é.     Th. karn.1 inaia, th, «^ h(J|lk u .^^ ^ ^ ^^^^ «j^^^ ^ 
"Bran" layar., whleh ^ tn. ^^ * th. ^ „^      ^ ^ ^^ 

th. fir.t .tag. of filing ***** rlo. tog.th~ Ith th. ^ «br^, and th. 

two togrth«. for. th. rio. bran of OO-MTO..      **_ th. p^ioarp layr. a. th. 
*>-call.d "Alearon.- layar.. WRieh „, r-ov#d ^ %h# ^ ^ rf ^ 

which ar. g««!* r^w#d * M ^.^      Th# .^^ ^ ra^nUg aft« 

ra^ral of th. P*rioarp and üam. Uy«-. and th. gar« i. ^^^ te M ^^ 

rie.      m ffioi.„t .ill. yi.!* of about 8 par .««t of bran ( in.!»*«, g« ) 
2 par eant of poli«* «ay b. axp«,t.d. ^^ 

Î.     In th. largar riw 111., pr.-~.ing i. .arriad out i» thr- .tag«, m 

huakin«, Mlling and poliahi»g, a. that it i. powibl. to mUmt aa.h hy-a*««uM 
-l~.t.ly.     In «a. tu., h***«, th. opamti«, .ay b. i« t«, .WaTtT 
P*li.hi«g and Mili», b.1«, .«rriM ^ t0f ^     fc ^ ^^ j£ ^ * 

^Uon. ^ b. «1* owl tog^r.     In auoh Mil. lt will ekYloilUy ^ 

*m«ult to ^parat. th. thr«. by-jroduot. ao a. to aar*.t tha, individually 
letali, of t^hnio^. and achinar, uaM for th. mmmMmml ^.^ J^ 

- ÜW —. ( M* H Ä. 1» ,.      HurMn, i. n^al!, «^ ^ 

^«fiH.^.^Uan.fa^^oa^t, ~ «f .M.h i. *.tU**ry 
«Ml. th. .th. r^^..     Oa.^,,^^ JJ» 
thoa. b«*d « th, pwiaMM. af p^ing paddy bat.-« horiaoMal ruhbar rail« 

wowing at Uttmm* »p~d..     mm», i. tr«4itt««aHy «arriad m\ by — 

b-1-dr^in^hiwrt.iO«»..     *«. ar, var*i*a tru«atM ««^IZT«!» 
a Mitar. af «awy and «m*. ra^im« Inai«. * »t««i WÊ]t9 Êm9mu     ^_^_M 

•Atar« at th. top a* i. r*h«d bifaa« th. w». and tht «,« fc^.      ^^ 
ralaa.ad at th. bot«.«, tha «# —-    •     v^ "<r* ^**lf 

**- ww, w aawnt af aaeurlng b^ag oootralla« by raiain. «r 
^ "* *•• ^"a»     *» Milan ara.hag», ri«, i. Mvamliy aaaaad law 

aatury af «a«,. |» «,. litlir «^     Wml »aUM^i ^ b. 

awdttad on a win dan fnua*( or by 

*tok h amtarUl auoh M M^ajrtto aM ««MM« i. a fi». 

*M« baa«« «a th» priaMfâ. 

«at pü* üt «Sa* 
•**• i» «ti 

MB. 

.—f : 
Lk . 

*-a>-       -'^ 
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aiallar r«aa©n«.       *••   f»a P«ri«arp *•» fi»r««« i* "»tur*.   &r%r. *»* • r*.*hmr  f L«ra 

•antan« thaa «aafcjaé or •111*4 ri«»,  ar •ali*««.       PI^MTM fi »an 1« tha lit. 

far ta» »r©*i«ata s@aq3esit.i0n <ai ria« and ita 4jr- 

•sia». 

ts ara ¿Ivan if.  fa&i«  ¿ 

Mali. 

Oaa^caltlw) af lia« ani its »y-iYaa^wt» 

Ir©«ia*ta Oaapaaitia» ( Ery IMíI  ),  par aant 

Crui» P»-otain Oil        Cmaaa  n&tm Aafc        Ni tra*«*, fra« 

( xÄa.25  ) 

»wirrt »i— 10.4 2.3 1. î 1.3 »4.7 

•mix«« UM S. 5 0.5 0.5 J.a »f.f 

14*a* 3.3 O.t 44.2 21.5 10.1 

m* 13.« 15.9 12.1 14.4 44.0 

falla» 14.2 14.9 J.O 11.0 54. • 

f.     The iiftiiti<m rf aillai riM ani it« fcy-ar •****• «ill  i«fini »ary »mtl/ a» 

initial aaaaaaition ani ta» alili.« taa*«i«a*a «a»*ay»i, «M« fi#*«a Si*»a %* ta» 

Utantar« aaa «"ly 4« taaan M a •arjr ••"•»«I »»a*« ta what «m/ »a •apaatai.      It 

ia éafflault t« aaparata HMk, ara* ani palia» aaaaUataly i* all awt taa »M« 

•ffiaiairt »lauta, ana aaaa aaaáxttar» «ita aaall piaaaa «f tamaan alliai ria« ia 

«¿a« liaaly.      Fer tita aaallar laaa affiaiant «Alla,  tharafara, ta« 

Uaal/ ta 4a aar «ata* M uffaran* »rai«« a# aUtiama aa«talnin§ 

1, »ran, pali»** «*i aamll piaaaa af ailla« ri<—.      A »aai «amaslt af tata la 

4y il-agar Turfït at al ( 11*2 ), a*» ama» a «array «f ta» aaa*aai 

•ta praèueai la ta* talana» •# Laa»w ani aUaaaan i« ta» «MUppiaa». 

•f ria« aran fra» «ana aálla ( ttm, ••ar«t aai h ran tata« a***»»») a« 

llmUT'-        H— aiar,  it aaa «aiata* «a* taat ava» «at» •laaaifi-aUa» «aa 

«a* *ari*U«a« %M •«»»..111 in af »y-»ra*»rta, a*»** a«ali 4a at tri» itai «a t«a 

«ari«V af r%— atHaâ «jal taa laaalitf la «aia* it aw 

*•>. Taa ai*» «41 «antan* «f 

•«•»tilIf. Maa«pall# a»»»*i 

raati »*a*al*aia af ta» aal < 

í - 
fMtf 

aaa»»1 
mmmmm m 

n 
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r«Mhâ*g aactft é»-^  par aavt ai««** • aaattA   ( 

mmm«m  «tmtt< fer** ta éa^palef, M. jiipàaaa*** 

••»ort  atara#a parla*» 

•, 1W  J.       U^.i. 

ru* fttlt« 

t».    «tot« «f lipasi, u ar%* la  «avana**«  MI  mmx,+ rm _      __ 

t-^at^a.       aryt,,, ». „4.w. ^%w%. ^  lmm %tmm 4  ^ ^ ^   ^ ^ 

te  lmUhát   iip.ijr.ti.   (  íMMJM  a*  ai    141   , -— fc^ 

i<i«m. ta r~> >„. „.. . mmmM .tm<ârMM w ^ x rf "« 
-»«t -«.u», •*. ,„ „««. ., « Limlr„, mmfm. ( u 

•»iaWa aantaa*  ( 4M* rt M,   1*9 ), 

•*• AryU«. 
II.   P*r%.UUa, #f p»*% fc^»^ ^i^ ^ 

***•* tta W,**.^ ,*.,«, tflMaH ^ _^ fr,.IM_.„ ..... 

1*» Ä*  ( Atan <K al     1«M i     *,. ^ _ »«T«I«J"M ** 

•^•#*»ifci«*ï  «i«« mmPt rmmmll*  riparia« far  ilt ut ^ _,.. 
^       J""^" ••*  *•* •*•> «*** naalv^ aran pra^Lataá 

Tr.« mm ma pa^Wilaal ria« à« ©^%«m ( WaH^^aw,».   IM-J .««-„.. 
3 ^ ^ v *wl,^*i*«.  **) i.  «Ml wa fiaaja, 4. a^^ 

4lian af lia. 

•M 
U.} 

da 

M.t 

«wt 
M 
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li.f 

Jkl 

1* <ta»*i v        i,. tpjn^ 
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1(|#     L»»t y,   th* ne«   "A-a*  aethod of *iir.ut-inao..mly »il un»- ana solvwi*   «xr.ract'uv 

rio« »o *« t , prodjc« a  «tabi.« «dial* oran      "Prots*"   J   =hould  oe aanti">neä   v l*y?m, 

1 *•>-i  j,   out  tnis  .roctft'   i*   to b« dealt  *itn tn anotn««-  pap*r   to o» pre« î:,t<*d. 

i jo»    r-»ri >» » Sou-J« of ¿dialo Oll. 

1%     Tn*i oil sor.t.ert  of rie« bran it obviously  vary  variola,   bu', that produced in 

larga effisient *ill«  *ay oe expected to oont%in 1 )-l3 par c«nt of oil  (  Raddl «t 

al,   ia*Ö  ).       lafined rtoe oil produced fro« fr««h or  stabilisad   ion-r»ncLd bran Is 

a ueeful edible oll roughly equivalent in propertias  to cottonseed or corn oil. 

Kowavar,  ths pro part I a« and uass of ris« oil ara to be dealt with in anothar papar 

to be presented. 

lé.    Una ef the prob la«* of produolig rioe oil  in las* developed oountri.ee in the 

Mattered leaation ana «nail siae of aoat of tha rioa ailla, which vakaa it 

diffieult to aollaet euitaelv larga quantitia* of fraah or stabilised bran for tha 

production of oil on an aeonoaics aaala.      It i» only whan supplì«» are available froa 

Lara» alii« that oil  production is poaaioln.      Thes« diffioultiss ara raflooted by 

tha vary law proauetlon of rise ail in aoat rioa producing oountrisn at praaant. 

•fferta ara arasantiy being aada in Thailand to develop saall soals staaaing 

planta baaed an tha au toa la»« principia,  for stabilising bran fron til lin producine; 

aa llttl« aa 4 tene ar aran par day  ( Haraans «t al,   1970,    Haraans, 1970 ).     Tha 

fraatar stability ef bran froa parboiled rio« has alraady baan aantionad above. 

t7.    Japan is by far tha largast producer ef rio« oil with a ourrent annual 

ti an of *O,0OO tana af unrefined oil.      This la produced froa about on« half 

jreduett-ai «f around en« aillion tana of »ran ( Mitsubishi Shoji Eaisha 

Md.,  1970 ).      India and Buraa ara eeah «stlaetad te produca about 20,000 tena of 

ria« all par annua,  «Mia Taiwan, nauta Kore», Thailand and the U.S.A.  have 

«atlante* annual preeajetiena «f 3,900, é.OUO, *?,000,  and 3,000 tona respectively 

( «Jam,  1970 b ).      fatal «orli produotion of rioa oil is probably only «lightly in 

sans«s ef 150,300 tea» par annua, «»eluding poesible produotion in aainland China. 

fMa la, ef aperti, «all aale» patent lai production baaed on th« total »nount of 

toe* preduood, eMe* in Indi* alane amy be net «uoh lee« than a aillion tana 

( i-raJi'i the ell eewtent ef tea lltoly production of 6 aillion tone of aran te 

e« l*-ll per cant ). 

«t.    Tne »ntol prof errad far pt «Eue tag ail fren rioa area la that ef aolvent 

It nan tonen reanrted tnat eoae 20 yearn a#e aoat eil eaa produced in 

»y «Iami" ni—Ina, eMail enly f—•f«â nane SO per «ent ef the «41 

( nade* et «1# Ifbi ), la* tnta Ma na» »can auywrsadia by aadern eelv«nt extraction 

( «na, lfTO » ).     IM empeller près »es le lea« aui taals au« ta th. le» 

•J bulk ffttone» Miare nf riee brnn.     Tne eelvent ginerslljr ueei la 

eeleea* «a* ne lien ef ria* aran aa« ort«n»Irai/ studied in the 0.8.1. 

•a» ( a»«. Intll et a. Uni »ni Oread et al, 1«53 ), an* 

^^MaA •Ht ial wStnli akik 
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19.    Solvent extraction does not lend itself to very small capacity working and 
the aini.iu. «it, of plant which could be operated commercially would have a 

capacity of around 25 ton. of bran per 24 hours.      Assuming a 300 day per anno* 

operation,  this would entail a supply of about 7,500 tons of bran per annum i.e.  the 
output from mill» 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 cf rice oil might be in the region of US ¿f 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 (J.S.A. during lat. 1970 was only / 36-45 per ton.      On this basis the sale 

of defatted rice bran and oil might be expected to yi.ld around twice th. revenue 

which would be obtained by the .ale of unprocessed bran, making it economically    ' 

advantage to inoreaae rice oil production in the 1... developed countries of 

S.a. A.ia and the Far &.t.      However, it will be ...ential that adequate quantities 
of fresh or .tabili..d bran are locally available .o a. to provide sufficient raw 
material to sustain an economic .cale of operation.       It is unlikely that this 

situation will ari., except in the context of large »odern efficient rice -ill. 

and the expan.ion of rice oil production will be d.p.„dant on progr... to^rd. th. 
aodernisation of rice milling in the lees developed oountrl... 

Rio. Bran a. Animal Peed. 

21.   Curr.ntly, rie. bran i. u.ed almost .ntir.ly a. an animal feed.      It ha. 

Z"Zb#tn ""*ion#d tlmt **" I*oduotion * rto-oii * * I—«t °^ «— 
150,000 ten. p. annum, maaning that only about on. liiion ton. of rie. bran i. 

dotted, and that all but >4 par cent of bran produced is fed to ani«!. without 
furth«- proo...ing. 

¡L.Ti1*" *" "^^ r*f,r"°* "**•for th* *"«-» -*-ti« «d 
¿ZlTs I T"*1* a'*lltól•rt0' by-,roduot' - •*-f- •—*•*- »*~1 in 8.Ï. A.U. „. *„. i. Itól. 4.     It ^ „. ,.TO 

poll.« oo„t.in -out II« ,» .„t of on*. ^.^ whloh „„,. tbm rath(>r 

«a-rlor in tU. r..p»t to ««on f.* 0T..1., „„, ^„^ t0 m 

«- •* «to. oont« „ «.. o• i. 11» «*t ^ «i.. br„ «J J^ 

>« «^ M i. **«* «^te«, r-UMd whBl th# Ä t, j^TX.*• 
rU, or» 1. ««mu. *th «h«t taw in «».„ oont-rt. 

",', JÜ."* m" """' * *~ «*" » »-1* —1«0. for in.lu.ion in 

L-^-?T?      ^^ Mii^a' «* <*» 'or. a r«* high ^portion of th. 

z^^^irr°f^ÄUflB- *• *•«*•-*«*ofpoiuh«*..itViry •ultaal« far f Mittut a« a hub mmrsr oanoantr-t. •« _n,.,        . , * 
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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 efficient mills.      This is not very 

serious if a mixed by-product containing bran, polish and broken endosperm is 

produced:    this material is commonly marketed as  "Rice Feed" and is still a very 

valuable feed with a fibre content intermediate between tte.t of bran and polish 

However,  admixture to even a small degree with husk will seriously impair feed value 

and render it unsuitable for feeding to monogastric animals.      It is likely that 

most bran produced in less developed countries is contaminated to some degree with 

husk and it is in fact quite common for it to be graded according to husk content 

( e.g.  Limangco-Lopez et al,  1962 and Siridarwene,   I969 already noted above ). 

25. The percentages of nutritionally important minerals in rice and its by-produot. 

are given in Table 5.      It will be seen that rice i. like most other cereal,   poor 

in calcium and iron, and rich in phosphorus.      Most of the minerals of husked (brown) 

rice are concentrated in the pericarp and aleurone layers and the germ, and bran 

and polish are, therefore, comparitively rich in these.      It has been reported that 

about 90 per cent of phosphorus in bran is present as phytin, and is,  therefore, 
largely nutritionally unavailable ( MoCall et al, 1953 ). 

26. A. th. B group vitamins of rio. ar. like the minerals concentrated in th. gar« 

and pericarp and al.uron. lay.r., bran and polish ar. rich in all of the., which 

are nutritionally important with th. exception of oyanooobalamin ( B12 )        Thi. 

»ak.. the» important source of B vitamin, for monogastric animals.      Typical valu., 

for th. vitamin B contant of rie. and it. by-produot. are given in Tabi. 6. 

t\ TZ\T°,T U lik' °thar °~1 W0UiDa defiCient ta **". «* thi. i. in 
fact th. limiting amino aoid.      Figur., for th. essential amino acid composition of 

rio. and it. by-produot. are giv.n in Tabi. 7. and it will be noted that th. prot.in 

of bran ». polish ar. rn.rk.dly richer in lysine than th*t of milled rio..      Lt 

du. to diff.rence. in proportion, of th. four main prot.in. of rice vi., wat« 

.olubl. albumin, .alt .olubl. globulin, alcohol solubl. prolamin and alkali .olubl. 

gluflin in th. protein, of .ndo.perm, bran and poli.h.      It ha. been shown that th. 

^ntar^ional Rie. R...aroh !n.titut., Pnilippin.., wer. a. follow. ( Oa^pang .t 

Milled rio. 

Bran 

Polish 

Albumin 

5 

37 
30 

Globulin 

9 

36 

1U 

Prolamin 

3 

5 

5 

Glut.lin 

83 
22 

51 

«» .111.4 n... *. ^.„«„j, „ t|wlr ^^ ^^ J 
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¡Unirmi Cont« 

Tábl« 5 

s By-Broduot« , Bar 0«ot. at of Rio« «ad it 

H«a«nt Brown Rio« Hilled Rio«1 Brmn2 R>li«h2 *ot«Bran 

Oaloiva 
Pho»phoru» 

BotM«iua 

MofMsiua 

Iron 

0.06 

0.29 

0.54 

0.12 
0.002 

0.01 

0.10 

0.08 

0.03 
0.001 

0.06 

1.82 

1.74 

0.95 

0.02 

0.04 
1.42 

1.17 
0.65 

1.50 

1.49 
0.22 
0.02 

MangU»«« 

Coppor 0.0004 

0.001 

0.0002 

0.004 

0.001 - - 

1. F.A.O. (1946)         2. fhafc wad Qupt« (1965)        3. lari» (1969) 

Tabi« 6 

1 Oroug Contort of Ria« «ai'IM ly-lrodaBto. Maro inri 

fMMáa 
lio«1      Mill^Rio«1      ir«2      KU**      Itoto* Iron5 

Riboflavin 
MtootioLo Aoid 
Ffcntottaonio Aoid 

Oholin« 

3.0-5.0 0.6-1.0 

0.6-1.0 0.26 

55 15-20 

17 1.4 

10.3 9.5 
• no 

24.0 22.0 10.6 

2.0 2.2 5.7 

536 330 306 

27.7 33.3 - 

25.0 20.0 19*2 

1700 1021 - 

0.60 0.57 - 

4627 4936 - 

0.79 0.73 r     - 

U FJUO. iXm        t. im (WS6)       I. Wm <WÍ9) 

*.Vl  ,'-    '-^4   *-\p 

C Vf 
fu rfí'. 
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Tabi« 7 

¡i i 

tosanti«! Alno Aoja Contant of Rie, ft-ofln, g pg l6f N 

Asino Aoid 

I»o-lauoine 
Louoin« 
Iflrsin« 

Mothionin« 
Cystin« 

Hionylalanin« 

Tyrosin« 

Threonine 
Valin« 

Tryptophan« 

Milled Rio«1 

4.63 
8.04 

3.51 
2.68 

2.52 

5.20 

4.86 

3.53 
6.45 
1.343 

Bran1 
Polish1 

ft"ot«x Bran2 

3.94 3.80 3.60 
6,91 6.58 7.60 
4.81 4.66 4.11 
2.32 2.78 1.95 
2.32 2.57 
4.47 4.18 4.53 
3.13 3.39 3.18 
3.78 3.52 3.84 
6.00 5.57 6.00 
1.924 

1.425 
1.30 

i. ««.t«, « i a*»   2Élornil(1969)   WM|W   ».«»(«o 

5. Ifcin and Rodri^i (1965) 

Tabi« e 

Dttsr«ination 

BiolQgiaal Valu« 

BtgrntibUity 
Ätt Prot«in 
Utilisation (NPU) 

frotsin Iffioianoy 
*ti* (rat) 

ftitrltiy Valu« of »io, Ifcofin. Pf 0«nt 

»roTO Rio«1      MiU«d Rio«1      Oor.1 

72.7 

96.5 
64.0 

97.9 

57.2 

2«lê 

78.1 

86.9 

67.9* 

1.6-4.9 

1. *.A.0. (1970)       2. ßk (JS56 am x?fi7)        h Jmm 

irotax 

1.7-i.f 

¿•»ll'Àaëw. : • 
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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,   196 9  )• 

29. This higher lysine content,  which is some  fl per cent  in excess or' that of 

milled rice protein,  gives bran and polish a considerable uutritional advantage 

over milled rice.      This would be expected to be reflected in figures for the 

biological assessment of protein quality, but unfortunately there appears  to be 

little reliable published data on this, and such that is available   ( see Table d ) 

does not really provide confirmation for this. 

30. Before going on to discusr, the experience gained in usin-; rice bran and polish 

for animal feeding,  it is necessary to mention once more the difficulties which may 

occur due to lipolysis.      Unstabilised bran which has become rancid,  may  be 

unpalatable to animals, and it is,  therefore,  highly desirable to stabilise it  by 

steaming.       Solvent extraction will  largely remove flavour problems: cut wil.l  reduce 

the energy value of the bran.      The possibility of contamination with husk especially 

for material emanating from smaller miljs shoulo also be mentioned again,  as the 

experimental results obtained  ( especially with monogastric animals ) and the 

recommendations based on them,  assume that the bran is unconta mina Led with husk. 

31 •    Rice bran and polish have been found to be very suitable for incorporation in 

pig rations, and there are many references in the literature to their use in this 

way especially in the U.S.A.      However, it has been reported if fed as too large a 

proportion of the ration, serious scouring in pigs of less than 30 pounds weight 

could be caused, and that carcase fat may become too soft ( Morrison, 1956 }.      More 

recently,  experiments were conducted to 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 containing 20 per cent of rice bran, the 

other constituents of the ration being largely mai.se,  soya meal and a vitamin/ 

mineral mix.      Rice bran could replace all the maize in rations for pregnant sows, 

constituting about SO per cent of the total ration.      Rice bran was not recommended 

for incorporation in rations for pigs of less than 50 pounds in weight  ( Thrasher 

et al, I967 ).      Satisfactory performance with regard to weight gain and oaroase 

quality has been obtained for growing and fattening pigs fed on rations consisting 

largely of rice bran with either fish meal or soya meal in the Philippines ( Bistoyong 

et al and Balderama et al, i960 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 vitamin» 

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 

oan be incorporated to the extent of 30 per cent of the total ration for laying 

birds ( Binda 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,  l933 ).      Although bran ha« a higher fibre content it can still 

be used for poultry rations proviaed that it is not contacted with husK.      Mixed 

bran and polish has been used to constitute as much as kO per cent of the total 

ration for poultry in India  ( fccArdle and ^anda,  1560 and 1*1  ).       The 8ame authors 

considered that bran with a fibre content in excess of 15 per cent  (due presumably 

to husk contamination; should not be used in poultry rations.      The removal of oil 

from polish by solvent extraction obviously reduces energy content.      Workers in 

In* à have also produced evidence to suggest that growth promoting factors are 

removed with the oil,  and that de-oiled bran supplemented with fat did not produce 

the same response as un-extraoted polish ( Sidhu and Nagpal, I964 ). 

33.    The high fibre content of rice bran makes it most suitable for feeding to 

ruminant rather than mcnogastric animals.      This is especially so if it is 

contaminated to any degree with husk.      In fact most of the world production of rice 

bran is fed to ruminant animals as a concentrate to supplement the main ration of 
herbage and other roughages.      Por exainple it ^ been r9p<jrted ^ ^ ^ 

growing sutes of India, rice bran may be almost the only concentrate fed to 

ruminants ( Band, and flu*., 1*5 ).      Workers in the U.S.A. have shown rice bran to 

!M77 f0r ^^ to ^ Cattl0' "* When f—« «* «• than one 
third „f the dairy concentrate it was approximately equal in feed value to wheat bran. 

r   T :l8;:ePOrted thftt t0° *~* * •*"- " rice bran in dairy rations could 
re ult in the produetion of soft butter  ( Morrison, 1956 ).      Rice bran is also 

euitabl. for feeding as a large proportion of beef and dairy concentrates.      It ha. 

been report., that it ha. been u.ed to for. up to 60 per cent of the concentrate 

ration of dairy co... and working bullock, and buffalo., in India  ( Panda a* Gupt., 

34.    Su.nari.in«, it win b. ...„ that rie. bran a»d polish are very u..ful 

27^' ^T*"**"1 *"* feeding8tUff"      ^ *• -»«U1U .uitabl. for 

wi h .od.• aoi^tific principi.., it i. ...ential that they be very carefully graT 

with r^ard to po..ib!. nu.k content, and thu only the higheet àJL^L^ 

tffort. .hould b. «d. to .ini*.. ** cont4nt of ^ ^ 

•n-ur. the highe.t powibl. nutritiv, valu.. 

I Ì t% Ìg "**"" t0 UM '""*••*•* b• " —* ^ it i. i-portant that the oil be «tabilieed by .teasing im.diat.lv .*••«.     ^.   . «portant that 
i»+~A^, *    *   * ,                 ^^ i««diately after production if it i. not 
intend* to f.* it ^ quickly to animi..      Solvent «tract* or .teaJ «atari., 
•uet be dried to a aaf. mi-tur. content level ( „v 1ÌL ^ 
•n               ^ ^                                    ««««re J.evel i aay 14 par o.nt for fat free an) 
II P~ cent for unextrmofd .aterial ) before .torag. if ^^ ^ t   , 
( Panda and Gupt., I965 ). ^* * "ouldin« *• to b. avoided 

3«.   ^..uaing th*t .twl. ,«***. unoontMdnat* with huak ar. .«ila^   +. 
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industrial production of compounded feeds in S.E. Asia and the ftr East,  together 

with other locally available vegetable products such as oereals other than rice and 

their by-produots, cottonseed and groundnut expeller cake,  soya meal and molasses. 

Export Potential for Rice Bran as Animal feed. 

37. There is a large and increasing demand for imported animal feed materials in 

the developed countries 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 oour .ries of the ?ar East and South-East Asia.      Exports of rice bran 

at present form only a minor part of this trade but nevertheless the quantities 

already exported are by no means insignificant.      For example official trade 

statistics show that 6l,i^X) tons of solvent extraoted and 1,356 tons of unextraoted 

rice bran valued at around 12 million rupees were exported froo India during the 

pariod April 1*5 - March 1<*6 ( Anon, i960 ).      There is no reason why this trade 

should not be expanded considerably provided that material of the appropriate 
quality can be produced. 

38. Feed compounders in developed oountries may use a great variety of materials 

in producing their feeds.     The oriteria whioh they employ in selecting raw 

•ateríais are primarily those of nutritive value in relation to the feed in whioh 

they are to be incorporated and price, but obviously other faotors suoh as the 

presence of toxic factors, palatability and stability must be taken into account. 

Oompetition between manufacturers in oountries with well developed oompound feed 

industries is so interne nowadays that they must keep a very olose watch on raw 

material oosts, and it is the general practise to regularly work out least oost 

formulations to aohieve set nutritional specifications with the assistance of 

computers.      This has led to much greater flexibility of use of raw materials, and 

has provided the opportunity for many new aouroes to be exploited.      Nowadays, 

manufacturers are willing to consider any «aterial which is offered to them provided 

that it meets specified standards with regard to quality and that th« prioe is right. 

39. If the export trade in rice bran is to be expanded it will be neoeassry to 

ensure that only oonaignmants of certain minimum quality standards are exported. 

The material will need to be substantially free from husk, and if unextraoted, the 

oil should have been stabilised.     It will probably b« necessary to provide 

specifications at least for minimum crude protein content ( say 12 per cent and 

14 par cent for unextraoted and extracted bran respectively ), and maximum crude 

fites ( say 12-13 par oent ).     Specifications of this type will also be needed 

for polisti and seal ( mixad bran, polish and broken endosperm ). 

40*    If specifications are agreed with 

are adhered to. /   It is very annoying to 

rely on th« quality of their raw aatsrial», 

and lower pries«.     It should be 

it is absolutely vital that they 

food manufacturers, if they cannot 

•y bo roflootod la faULbsj 

that it la aet sufficient to raly 

ifflflffíTigiiiy'i 
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on co.pew.tion ciao... m contract, to allo* for 1.«      , 
Thi« will ooviouaiy ^ th# .      rt      ,      °" f0r *"— *» »P"^** .tantei.. 

Wt .ill not oc^at. Jl^rirr"8 " ^^ —~• U» fo•ul.tio•. "* «"auoml trou«. Mu.«i m i„luaijlg lt ^ 

4L     It i. difficult to .ft. . „!U. f„ ric. nn ik 

-via.« th« lt ^ b.„ £££?"* °<"*""i * "^ frt" 
~- ». ^ » „H „r rtrm: :rui dwi- 

*?•     There i» little need to repeat *h- - 

*—1 tt.« 1« South *.„ uu M th.   „ l.m ^ \      " " "**" 

or «port«!).. .„i-j fMd *" " •*•••••" "••oClth« w^jj, 
—j 1 HO,     me« brmn and poiiah .-• »~«. *w 

•«•• 1Î.5 lllion too. of th... -*_., ^* "**•' W *" l*»-70 

Kot.in -, „„. b.„ u.^rthiT" • °°nt,iane ,bout w •uu"' to~ •' 
-W«d CU» ( ... T.ol. ;     '*' "" '" °~n'rt" <* *•» •*- «tar tlM 

43-    It hu Ir-dj, b«, „«^ tll,t ^ ^^ 

th. «tritio« .f „or, M-,„. rf JtZl«     T   ^     " "* P<al•,' ,0 1«^» 
«~ —i*«. „,.^j:rr.T^::i;1;"^-"--•«- 
(M. TO.!, i ). ""^ Purro.M nrj »ttrutlT. 

44.  ïh. -i. ílfflwiUM tf «ta. ri~ k~» „ k       . 

«1- * «t«ti- rf „, ^ ^„^7 "^ ** ~~141* ta »~* 

^««liwtk. M««*l, •«Ä4iirf4 ZT^ «t«^Xy «rtlfcÉl, ttat ru» 
«»«•tai.      tfc, ^ j^... -^^^.^ "* *" • f00d «"i— " 

•••p ml tabla fiar «M ^ f^»^     j4 j^ ^  ^* •"• •••1 ••*••• «f 

«w «Mar **• ta th» 1.3 Mr MM «# »»-4*»./^!**' Éww>r' **»* flè*w 
*_._ •'^ *^* "^ W|M»J llalaa 1* 

*• MMMtlal 4a -J--*-"-       it y . 
( IfM.  l*f >. 

JÉÊpî$L:-%ZzM     ^~ ^A      àtaV-a»- 
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45.     Air alanaiflaatiaa or aiavlaf a# final/ trauaat Hinet «at^aeta* 

W«n triât a* aatnaia «f pjraaaaainf » a» tarlai a# lavar fiara agitant »ni 

«raini* aantant aar« awitaana far faaé aaa ( Hatwtan *«a all *eaana*<?!,   i a*-,  J. 

r—ulta af aafarinanta aatiéaata* «itti raajar« ta au alaaaifioatinn ara a^anarlaai 

i« Ttftèla f toalea.       It will »a aaaa that aaawi ana «uar'bar  »f  tri atartia« aatarinl 

•mie a« ranavarai aa f mat lana  ( i aaÉ 2  J aarvail.,  ¿«war  \m fiara mmâ ñauar  ta 

•ratai« than taa arifinal,   »ut it aaa aanaliatat that  tna ovaran raadla »ara 

11» tmaa lafaatary.       Slaving aaa aaaiaiaVarai te 6« a  aiaplar me   par ha pa aar« 

aprroaafc, and tna manilla af aaaaing aatraetai ria« ara« tnr«M*fl« a 

lian af alava« tt lar aaa Jag finanaaa ara giva« in Tnal« .0 »ala«.      It will 

•a ••aft that aaaut  » aar «ant af tna aran paanaá tna lJu aaa* alava, ani that 

ini a vary ftaa aatarial waa ratnar riattar in pratalA ani «araiaara* Ly   JL «aar in fiara 

tna atartinf aatarial.       It am« aamluannl tnat a aia*in« «para ti an ta raaavar 

pavtar af ara« a« a« aitala a« tarlai, aient ha a« aa ana aia prafaaltiaa in 

•alla,  partiaMalarl» la aar 14 raglaw »nara aratala waa ¿afielan*. 
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jru'sH-tjmt«^,   astra« ti-an at   fairly fcLjh pH'« i» naeesaar,'  to achi«vs reasonable 

^lei-te  af  protein eeneantrate ami aven them extraction i« far i'rora coaplete.       It 

tmm eaa« ahowm that extraction at pH 11   (  the optiaur. j  soluoiltssd only about 30 

i9«» «ant   mf  tfta  pro ta in of  defatted rkoe aran.       Precipita*. Lon of the soi;jbilised 

araii at   p*i ">.:> yieidUa an à j  par eant   orotain eonoentrate corresponding to a 

r%«wvary  of  57  par e«nt ef tiw protain in th« attirting «atar 1*1 i.e.  the risa bran 

(Chen ana lacatón,   if70   ). 

5©.     4 mure detailed prooas» basad on those principi«« han baan de sor ¡.bed for  tha 

pr3áueti->« ©" a  protain eonaaratrate fro« prote*. »ran  ( Lynn, 1969 ).      This procesa 

La i imiariiif*  in a aiaplified far« in »igure 1.      A feature of thia prooaa» iw the 

removal ef oarhohydrete eneyaiaally before allialina extraction,  to avoid ooasible 

lasa in prate in quality **• to ntm-anay-aatia browning.      Tha precipitation of tha 

seláVUtee* protein at ph b.Q ia said to yield an off-«hite bland paste oontaining 

fQ-r> paar eeevt  of pretal«  (  dry seals ).       Thia amy be dried to a »table fila,  or 

preeeed te for« a eheeee-lihe eaterial.       A number of difficultie« with regard to 

»pareting thA« preseas «ara painted eat.       In particular tha heat geUtinination of 

tfcje atarea safere enaymls hydrolysis aay oauae ©ff-flavoure and diainiah protain 

«•ijailiaatiatu      Ala« optima« pH far eeiueilisatian is oritioal, and tenda to vary 

smtwoen different verietiee. 

51,    Klee pratain sameemtrmte eon as uaed with riee flavor to fera «traded pasta 

type mredusta with • protei* eantsmt of 20-25 par aw it ( dry baaia ).      It ean alao 

•« »eed la same Uetion with ria« ail and suitable emulsifying agenta to fera an 

imitati» alia eantminia* J.% par eant protein, 4 par oent fat and 4.3 par eent 

TKU iaitatien ailk amy »a used ta sake various oaraael oonfeotionejry 

«J.    «hile the above pmeaibls ueee far rie« brea and risa protain eonoentrate have 

tee* asmaiislrslal,  aa—aiaIal a*pieitftti«m has up to now bean miniami.      Tha 

•tiliaatien ef riaa Wen and pratain aaw»anträte aa food is fraught with tha sama 

fa Tirili)TT whUa have faaad all tha nam pratain food«, whioh are thoaa of 

rather than feed teehnelefy.      This ia especially true in developing 

attere tha potentiel «tatemar wits nassa extra protain in his diet doee net 

the eaawy t« buy the preaaaaai feadm «Mah eeuld be uoed as a vahiela for rise 

m,     Theee • est isms ef the public whieh have monay to 

am eme* feeds amp mat really meed them, and in any ease may prefer to spend 

«lee.     ImiUmUy, perhaps tha meet premising amp-emoti 

r am laAtetiem mlik ef tha type éaeeriaed amore, on tha linea 

•Vltaaay" «f 

fa.   fmm pmmeihilitiea ef «tilts!»» «em 

«,§. far feVtAtyftai amami 

If ' 
•» AaanaBBmiaT mmmtllBm*. mm •P*m?   ^swlsWTlF^emwsflBmmmsr    •^p^p^aaawaaaawar^F^*    ^w^^ 

•Maat ^HÔTav áWwamn«•   «•swB   •nwerT^s«B>^ë^|pem^Bj 

ef terfcarmi 
1 ¡Ball art tad aaiamliam mf em»«Jge>*emmmj e^awem«   ew^sssaw^si^wsB^BF   ^F« 

mar Ig mretein I» the Ü.S.A» 

*&Mà "-'^"¿-¿f-fe- iäk^JL -* - ^ ^fc¿^i 
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Uhieea a aarkat can be developed for food, in whioh apeoif io daairable functional 
propartiee of rio« bran oan be exploited it i. unlikely that edible riot bran or 
protein oonoantrato oould b« Marketed to any extant. 
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