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FOREWORD

This broci:r:.u.re is one of a ser lea or rooortsre5U.ltlng from
OVE.rseas technic·al inqu.lries on .ract<llf')" or C~..J"'Cia:l est.:l'ti:
lisn-nts, operation.• _nag~t, ~'lind engi~r:inr;; ..
report is designed to pt'cr.t1de onl,y a ,;r:;eneral. pic~.~lt'lf! ot
ractorstr.at~u:st be eons~'iered .tn e3ubJllish.i.~ ~i opn'r\iU,E~

a factory or tills t;ype. In most ease,s, plans fo!'" act~
installat30ns wlll require eY.pP'.rt ~inHr~~ .and fiMncF:aJ
advice in. order to =eet s~U'ie local eondJitior~s.

'[ention of the~ of :any rim, product. orp.-ocess in
this report 1.8 not to be considered areeOl!lU!il~Y~,rlltionor~n

endorsement by the Intema:tiorJ3l. iCoopera~..~on Adl!mdnJiSLr,\l~~.30nl"

but merely a citation that is typical. in it ts field.

'The original report wa.s prep;:"I.!"ed t,ttu.r.: ·wol.~" ~~'~~.nt

Engineering Compa,ny, Chic:a,go, .CJ! lLooi.s.

Technical information, ·as well a.S rewfev, w,s prowi~"?Id lb:y
R. Poliakofr, Industrial ConsultanlL. 126> EllevenUn Awe.ntlJ~,

'New York ll. NewYor)k ..

Tnis report bas been revised ,!Uldl rewritten by
'Geo~ge Hi .. Andrews ~ineering ASliOCiates, 1m: '"
4:.1 Southern Building, Wa~gton 5, D. C.

For further information and assistance, contact shclu.ld be
made with the loeal Productivity Center, IDr;.ustrW mstituit,e"
Servieio, or United States Operations Hission.

Code Number
PB-70
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MILLED RICE

nrmOWCTIOH

The purpose of this rE?port bto provIde bas:Lc infot"fRItioo fair
establishing a plaut in a forei&n count.ry toproces. rice.

GENERAL ASSUMPfIC!§.

In orc.t~r to make realistic estimates in tid. report" certain
assWIlpt.lons are made. These are:

1. The costs of the bu:flc:Ung a:'l"~d a;eneral faciU,t"ies al'(t
based on United States prices.

2. Material costS ate based em si.ces and specifications
of materials us~d in the Unl~ed States.

3. labor C05ts are baSed on t.he average for tbe indus t;r~"

as recently ,ublished by the Ullir:.ed Star:.es l!i'u.ireau of
Labor Statistics.

4. Adequate power and vater are available at toe plant
site.

5. Adequate transportation facilities are available at
the plant site.

6. The plant opera.tes eight not...Cs a day .. five days a veek ..
and fifty weeks per year.

7. No special provision is lIUde for the training of nev
personnel. It is assumed that learneras rates are
paid in such cases.



A. t.od value.
I. Distribution and se1.1111& cost8.
c. In-frelgbt and out-fre1gbt
D. Ada1nutratlve C09t...

E. Taxa ..

YhU,e seaera! e.tbate. viU be a.tUlIe of each of tbea.
items. for the purpose of cOllllPletb18 cost.sei_e.s 'I

adjust"Dt sbould be _de: in ac:corcllaDce vi,t,b actual
!oc:alcosts.

In fact. all cost e1!tblates cOGtalned,ln \this l"'eport
should be adjWlted to COO.fora to local ccmditioall ..

9. CoIUft\S are provl.ded. 1n tbe tables bc:lud-;,d In this report
tofaciUtate the COD:7ersloo of COlt ttilur•• ltO coelom
..nt'" local costs ..

Statistic.. of world rl.ce productioD for 1955-1956 reveal the foll.O'J'ing
variablesln productive yield per, acre:

~h America
United States
Honduras

.Acres
JUab 2 Averye CulLtivated

1239 11:ls.. 2,,963.000
2932 Ibs.. 1,,8~2,.OOO

900 lbs.. 30,.000

't'!)ta1 Produc:: t:l!l)'lll

by Are•
(Sbort 'toosl

lur0e!
Spain
Yugoslavia

5428 Ibs ..
2'150 Ibs ..

3848 Ibs .. 1,,036,.000
420,,000

20,,000

Asia
.Japan 4213 lbs.
laos (Indo-China)
India
Syria

1585 lbs .. 182,. 173,,000 195" 1124,,000 tlllDS

16'1000.000
733 Ibs.. l!l!800.COO

78 111 0i00".OOO
10,,000

1853 lbs.South America
Oruguary
Venezuela

3500 lbs.
1100 Ibs ..

1~506,.OOO

40,,000
150,,000



~ 1l1&~ !2!!

Afrf.,ea
Egypt 3291 lb••
Je19tan Congo ...
French Morocco .
Hadagascar ...

Oceania;
Australia 4414 lb••
Fiji ---

822 lb••

2231 Its ..

Aeru
Cu1t :I,vatA~d
j r

8.109~OOO

11S,t'OO

114,,000
~2.000

-.

'1 ota 1 Pr(l~duc t:toe
by Arei.

(Short TOQIJ.) _

Total...... World 1930 lbe .. 201,901,,000 221" 208.500: tOGS

Botanically't tbere are at lU8t 1.000 varieties of rice aDd p0881.1),1"
several thousand IIOre.. CorAlerclally. there are buttvo type.s. vbi:e
and red. Classlfi,catloo;"'.ise theft are three general group., cOIlBlOlI1,ly
referr4,;;d to as '!hort-grain. mediua-grain and loos-graln. Usually the
sbort-grains are soft aDd cbal~,y and th~ long-grains" bard and tran....
lucent. The long-grain type carries preal,-, prices ..

Wheat g,enerally is considered. the food of the vorld. for in the tcu:al
acreage of tbe land •••es devoted to its cultivation aDd grout:b. it
surpasses all otber grains. aice,. bow.ver" is the IIIOSt: importaDt: food
in tbe world, for the volmae offocd ~roduced b, the world rice crop
is lOt. to 201. greater than that of wheat.. This paradox is due to the
wider adaptation of the rice plant to varying cliDatie and soil con"
ditions, and the resulting high yield per acre. vbicb is usually um
to th're-e time£ that of wheat., Rice supplies the _jar fuod requirelilients
for IIOre than one-half of the world's population,. a.wi tbis single food
item cO!!!lIprises 10'1. to 801. of the entire calorie intake 1n RID, coulItrles ..

Rice is produced under a wider variety ~f eoodltioos and by more v.aried
metbod.s than any other _jor crop.. Although it :U considered by lilian, to
be a tropical. hot weather crop ool,s it is grCND. in Jio..:tbern. Japan. aDd
Iorea, at the foothiils of the Alps,. in Northern Italy" and louerreaches:
of the Andes:» under cU._tic conditions too sevel:"e for t:be ~l"lld.uction

of corn and sbailar te.perate-cliJute crops.. E' n tbou~llI ir is tbought
to be primarily a sea-level,. marsh-land crop, it is pla~t~d att altitudes
of 4,,000 feet in :.:'eru" 6,,000 feet: in the Pbilippines, and 10,,000 fleet 10
the Himalars. Further» in spite of the faclt that it is ccmsidered: to
be an irrigated crop only" produced under cou:pletely flooded conditlona"
more than half of the world's annual productioD is vi.tbout: artificial or
controlled irrigation of any kind~ Much of it is cultivated OIl roll1D8
to billy lands whicb WO\illd be considered unsuit.able for t.illed crops ..
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A"pro~iJate=,y 95~ of the world rice prOl'1uction1s1A Mia.. South
AllllllllZ'icai.s second lnilllporcaace, with Afrlea tbird.. Nortb ~rica

fourth, and Europe, Ius.'" and AwltraJ,ia follovio& ..

The average rice ,farm In China and Japan is les. than tlbrec, acres.
whereas in the United States a 300-a:re fanll 1.. considered s.11 .:lI1IeS
l,OOO-acre far. are quit.e Dor8al.. Within tbis vide rUle. theee
obviously are econoadc fact<.iIC3 affecting labor needs,. are... frOll vbt.c:b ..
ad.U can drav upon for its supply, traupG:"tatloa. probl_ and :laD:lIlMrable
otberfactora to consider froa a ail1 viewpoint when proc:e•• :I.og rl,c:e :Into
finished grain"

There i",.lsovitbln such wide ranae, varicd uet'bocls of land prepa:l:"at1OG t

.eedin.g~ transplantiug,l.rrlg.tion, veedtaall CUll tly.tins, barve.st.llD8t
marketh,,g and final prace••ins. For exallple ll tne rice fax.r of tlbe
United States plows 25 to 30 acres of laa.fi 1ft 10 bour. vit:b _cban:ized
metbods, and frequently operates such equipllent 24 hours dl'lring e-erge1l'llcy
-equirements..On tbe Argentine ,asp... a 5-borse bitch llli,til'1 steel
aaouldboard takes three tb!rles as long to plow the same acreage.. '!n the
Orient. five workers, using band tools. averqe a1:aout. cae acre per day
or one-fifth acre per _n-day..

When seedi.ng fieldsln the Unit.ed States.. t'tM~ larger rice producer
stands in the field v1th a tall pole to which is attacJH!d a "bfrigbtly
colored flag and bis co-worker flies over at lou level in an airpbm:e",
using t.he fiagat different intervals asl strker. and see:d.s 200 til,)

400 acres per day.. In the upper reaches of .~be Aa!lz_. the native valks
across a freshly burned area. punches a hole 10 the asbes at i~elular

intervals and drops t.hree to five rice seeds in each hole before steppi.
oe the bole with his foot. Then be walks oftE aDd forgets the c.rop until
time to harvest.. In t.t.e Orie~t:. tbe fanlller carefully prepares a sleed
bed of asbes. manure and 8Ud:ll spreads t.be seed over this siurface :iJ17l a
thick layer, covers t.he nursery bed vit.h a light layer of flDely-p'Uilvel'
ized topsoil, and approxulIiiu:.ely 40 days later" pulls up the plant;s"
transplants thea in clumps of three to five planu~ etsbt: inches .'part.
in a previously prepared flooded field ..

Less than. year later. rice from the United States. Brazil aDd the
Orient are all togetbe:rin a retail store in Brussels or Stock-hot•."
compet.ing in a world market ..

In other areas of the world. methods vary still further ~ and in
fertilizing. irrigation and final harvesting" there are iDnu.erabl,.
vide variations of operatiOfis ..

Consequently. the econom.ics of establishing raill:1ug operations to
convert rice harvests into cOl'lllDercially salable grain present. cost
factors and problems that vary wi.th location. source aDd availability
of rav materials, climacic condit.ions" type and class of labor. 1IIetbods
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of c:ultivat:l-l)nand prodll.u:t.i.on, t1:'./InsportatlOll:'i fa(;:U:U;,.1,e~\!i lM,rk..:lng
of tbe 'i:::nd product aM final ly 11 tbeu5e~ co "tdd~ thl!' IlIl\Illled Irain. ,IS
to be put. The! P1"O$l':I!cltivelo~./e.tor in 5ucihi an eluerpri.s. :l. cautiooed
to secure the services andft''ivice of &reput1!lbn~ H,rn (#·f consu!,tlng
sanaS~nt englneers. who vouldpreparil! a eOlllph~,1t1il!' .ad.tl:lli.stra'ti.vl! ..
oper.•tlve and finane!.aJ .'blalysi..s c~nsura1te Virl.Jll uocal condU:,lou
involved, be:ore emlbarkJ.ng on a8 complex an enitll'l'prh5e a~ a ric:e IdB D~

As ment.ioned prev,lously. there a't'il! chol"lIsands of variation!! and klillliCS
ofrlce.tbls situation bas led to 8lJIch c:on!l1lsiO(~ a~ rt't:l!!' producers
and merchants throughou": the vorld V'lillen appiyi.ng t,en!llinotogy to various
ld.nds of rice. In March. 1949. tbe InternatlonaUR1CE' ~i~!lI:iOll'll lJlleUd
its first session 1n Ba1J1gitok. Thaftand••rull for_ll.ted a set of (;~
teras to describeri.ce in the husk and at diff'ereDt stages of tlroe
milling proc.ess.. and treatmJ!leDt prior to sariketing and COMUllllPtloo" In
this report. it will be frequent 1y essellutaJ to Wle SlUiC!hl nO\llll.'enC II at lIIre " <1llTlid

to ~rec:ludeany confusion i'" the .ind of cbe readEtr as to 'V1hlat ilt l1IIeantt
by certain tenu with referencl" torl::e'l; the foUclIVlng ""c~ te~II'"

•'definitions .1'1 and '~.ccel)lted and rec~n,r~etdi. tell:'1llU,">l are set fortll;1l"Ihi:51:
report will adhere to tbe "i'accepted and rec~n(h:~d tC:nfs .. "

Stalk paddy

Paddy; unhusked
.':'ice; rough rice

Husked rice;
shelled rice; hulled
rice; brown rice;
silver skin rice;
cargo rice; wole
rice

Bc::Jime puun.ded 'f' ice;
band pounded rice

Unthresbed rice in cbe busk.
harvested wida part of tbe stalk ..

Rice in the husk. ah:er tlhlresbing ..

Rice fro. whicb tbe husk ~as been
been re~~d; it still re~aiDs

the bran It&)'ers and ..,5 t of
the gena.

Rice froe vbic:i"~ the husk, gena
and bran layers have been
partially removed vi~hout use
of power _chinery~

Accepted aflld
Rec~lllded

I'e:nu .....

Paddy

Bo!Be pO'Uaded
rice



Uadel"'lllU ted rice;
llghtl.y milled
rice;

"Hied rice;
..chine .U led
rice; h.lgh l.y
mHled rice;
white rice;
cl.ean rice

Polubed r.lce;
coated rice

Parboiled ri-..,e;
converted r i.ce ;
malekised rice

Whole grain rice;
wbolerice

Rice ft'OII vbir:h the husk ~ sera
and bran ~arer5 bave been part
lal.1y rellOVed by power lU.cbiDery_

alce from wtcb tbe bait!! genl
and. bran la1eT:I have ~li1tjfll ~~b'"

.1U:aatiaJly rmlOftd "'1'1 p~r

..cnicer,.

Rice .tHed to .. bll:h dei,Tee
and tber:Tl coated v ~ tb iii foreip
substanctl such as glucosel or
taJcUD" called polilibed rice
10. iuro~. ube'reas i,n the
United Scates tbe te:r= refers
to rice tbat has 'beein DiUed
to a bigb degree and ubicD
has gone tbrOlJl,b tbe: br~~lbl._

In ocher cOl.llnt:ries t:be sam.e
ters is used (<i)r htSibJl.y _iJ led
rice treated with polisbing
p~ers • The termt ""po! i:slillled'"
therefore causes S~~ con
fusion.

Rice obtained by pOu0....4Jlillllg or
IllldU iog fr<tml pad(lt wlbliclbl. has
been steeped ie water~ 3tea~1

or heated:t and subsequent R:if'
dried~

aice which does not c~ltal:n

broken grains. saeller than
t'bree-quarte:n; of the w!ln<iJllle
grain.

Rice consisting of broken
grains ~ sll3aUl.er tban tbree
quartlf:l"s of the uholle grain.

Very suall broken ri~e~ gen
erally used for industrial
and feeding purposes.

Ac:c:ept:c:dl .ad
lIt.C·~Ill;~.•'ldl

U.,lde:ruilled
rile.

'arh~)jled

t

WlIili.o·~ e~ g,ra.in
r:lt'e



Ac('.PIt·lId
1liI1'~QlIlIIIM!'I!'llC!ed
____'f...,.e,.•• !l!I..,.;;;;Ii....__

A by-produC: t frOID tbe aU nla,l
of rice ccmststlnJ; of tlb.
inner bran hlyerll Of tll,)}e'

kerne~. vleet" part of tmt len
and. sulLt perct'at:ale of tbe
5tarcbyl.nlterlol' ~

A by-prCiduct cocsl:lU.,. of the
out,er bra.e Q,ayerJJ of the kern_lL
witb part of tbe le~ff

Another factor leadlq to _cb c'oafusloc lI.L ....upout. the _rnd 1. t_
ataadard of wel.gbts and \Rasures puUcularly a.pplb:!'ble to rice" 1ft
aSUlcn as tlds report _,. be read byinterestJt'd people.s of di(ferel3lll:
cO'Wlltri..e"s,. the subjec.t 1:"equh:'!!s s~ c!ar:lflcatJ.OiJl'l u Ito t.1hlC1 u.r~!t.$ of
JlIRI!asure.eurt and we19b i 'Ulsed.

Art tbis writing, tbere u no interutlOl1ll&! uni.forlllllitJ :1"" w~il,hts .J1d
measures, and in ..my hi,gbly clvl1i~ed areas of tlme world. tbe lllIdiie of
pound'S. t.ons * .•ere's" and bushe 115~ notlhi.~ '?l tbe reader~. This
is particularly true of rice. for. umlib a..uty ... ltM·r graias: in tlble 1iiJ01"1dl""
units of weight and lIeasure-ent. for rice are asvarbo'le u eurrel,.'llcies.

A general table of equlvalent.& foll~. to live tbe rC'ader .0IIIe of the
ready conversion iactors. It lI""USt !l'e bo::n.e in aiJ~" houever"" tJiuat tb/!'I,'le'
are approxUutely 21~ distinc 'J,~iatiOillf;,I internatlODllJllly. 1.0. ve!"b.ts
and :lDeaSures uhlch are iJarp:t'act all to :uu:::1Ludf:: ber~m. For eXUll'pJle"
there ..re devi.ations which" to t:he local populace of an uea. oi're' eatir_dy
CCllI8IOC to chat. are~1I but to the stranler lIIC:a:li Dotb.:lng.. '!'be QlJe:n.t.cd:ll _lcb
in the United States equals 100 pounds • in Argentiu (adla!"ted from t_
Spanish) equals 101.28 pounds (lBperial). aQd in .ra~il (adapted frCD
tbe .Port.uguese) equals 129.54 pounds (:bIper:ta.l) !!ll Spanish .I!IoE'oc.c:o" a
Spa~isb ton equats2211.64 pounds (liIIqperiaD" vbel'eas iD. !IfOat. Off Lat.lD
A=erica, tbe setric: ton (2204.622 pou1Uls) :is ll.lse4," In tbe UDited
States .. a ioot. equals l2incbes:ll wereu in pat'ts of Africa,. de'W,~.ttD&

ent!r~ly from eetric or anything else. a Frencb foot ~qual. 12.X ~~~e~

(bgerial) • and a South Africa Cilpe foot equals 12.. 31'5 :itt.cbe... (:~I""'.'U

In weights and IleaSlI!relllille'!J.t:s of rice. barve.sted rice 1.5 mcrua .s padd)!i"
rough ravol." unbusked. After the rice graiD.s have DeeC r~ed tt :I.•

·"1·



c.Ued C.llrIO 01" ibr~ :1:~e. ~,~t.»c t~b .. eilUA8 proce•• :t ILM
rfU.uttt~ c:al h~d vblcerlce.. '!"bar.fore. uben refrtlrrl88 to 100 pouIIds
ofric.. y tb~ :'JUt_of:. .lva,_ ..-t be ..lill.i.d ..

tbefollov1Dlve,l&hta and _UI'~a are tD.e Qed leneraily in
laterutloul trade..

100 C._ brow,l:t.ce1ll'
lOG COIlS padd, ric. In :

Iritlsb Iorao ..
BurDa ..
~yloa ..
FOrDOSa •
lAdia •
:lade Cblu •
tDdooesla ..
~ru •
Japaa •
Hala,. ..
'atutu •
Philippine_ •
TballaDd •
Uoi,ted Statea •
1\1 a others (a.ras.) ..

Measures of paddy rice --

62 :tOGS .lleN rice
61.. " COIU Idl~<i1I4 r:l,ce
68 'toGS allied rice
10tGU aliled zoice
68 tou allied rice
64 tlf.llUal11ed rice
6atOM allIed riee
13 tOGa .tlled rice
13.. 1 t-.. IItlled riee
63 toas IId:Ued rice
6StOM 1IIlll. rice
64 't~ 1I111ed rice
iStca5 Idlled rice
66 tC'JI'U rat.ned rice
6S tons Dilled rice

n busbe 1 (United St..It"'s .... British)
1. bushel - Austral1aft
1. bubel ... Ceylca
1 cuk - Utalted Statu
I bag or packet .. Uc.ited Sltarea
). bar-ell - UGlted Sutu
1 'baa - Eat L:.1d1aD

,. 4,5. ~.

• 42 pomcls
• SO pounds
• 672 pouads
• 100 pounds
• 162 pouads
,., 168 tpOUDds

United States .. British

). incb .;;: 2.S4 centu-ters
1 foot ;:: 0.3048 Deters
1 yard ~ 0.9144 meters
1. aile ~ 1.609344 kil~ters

Metric

1 centlllllet:er
ll. IlIIIielter

ll. Deter
1 kil~ter

-8-
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I sq. 10,,· 6 .. 4516 ~q .. centl-.tC:l"iI
1 sq. ft. iii O.~929('J ~ meter.
I, sq .. yd .. ,. 0 .. 83613 sq. t_ters

I sq. ceatlMter .. 0.15500 sq. i,D.
1 sq.. _ter- 10. 1639 sq.. It
1 sq. _te'l' - 1.. 19599 sq.. ,'d"

1 acre • O. 404HJ6 bee ta'l'•• 1 beetue - 2.47105 acres

1 cu. in.. -16.3871 cu. ceat1Deters I cu. eentUleter
1 cu.. ft .. • 0.O~8317 cu. _ters 1 cu .. _tel"
1 c.... yd... • O. 76.55 cu. meters ~ cu• _tel'..

- 0.061024 CUi .. In.
- 35.. 31461 CUi. ft.
- 1.. 30195 c:u.. ,'d ..

1 sal. (&iIp.)-4.:4596 liter. (1Dp .. ) 1 H,ter (lap.) -0.. 219915 sals .. (ll111p)
1 8al.(U.S.) -3.18533 liter. 1 liter -0.. 264118 (W)lal....
1 gal .. (Imp .. ) -1 .. 20095 (U.S.) sals.. 1 (U..S.. ) sals .. -0.. 83261 ~J")lal •.

1. bu. (I8p .. )
1 (U .. S .. ) b~ ..
1 (Imp) bu..

-0 .. 363611 bect:ollters
-0.352383 hectoliters
-1 .. 03206 (U.S.) bu..

1 hect:ollter
1 bectoliter
1 (U.. S .. ) bu..

=-2 .. 74969 (lap .. )bus ..
-2... 837819(U .. S .. )bus ..
-0.. 96894 (lIIp .. )bus:.

VeiJJ;lts

1 pound - 0 .. 453592 kilogr41lES
1 long too- 2240'pouDda
1 shor t tOIl • 2000 po"....nds

I kilop-aa ,. 2 .. 204622 JPOWIds
I pound .., 0 .. oo.D4464 toos
I .etric ton ,. 2204..622 pounds

f'requeo.t ly .. varas a't'e used in ac't'eage eeasurelllleDts" particular1.,. in
Lat.iD Merica. but: even t.bis old Spanish De&S'ureJlllltent is variable frOID
32.5 incbes in Guateaala t.o 34.09 inches in Argectiaa" and in Portugal
it is 43.31 inches (Iaperial equivaleots).. The cODfusion is furtber
compounded when United States st.andards COlllle into t!ble: pict:ure. The
international cOllIIprehensioo. of veights and .-ea.sures in vorlLd t.rade
vacillat.es f't'OllIl cOIIplete chaos to regilllleoted foras of confuslcm"
?4rticularly 1e a world comaodity such as rice..

In tris report, United States standards are used as they apply to rice"
and the zeader should carefully analyze any cOlllllPilat:ion of figures before
any coo.c lus ions.
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CLASS IFICATIONS AND GUDIN~

There are no international standards of grades and qualitiell of rice ..
In the absence of sucb standards, international rl,ce business has 1:,0
be conducted on the buis of sUlplesrequirin.g personal iupection
before transactions are 'lUde, whicb, in turn, means that waC one
country .ight consider as Grade I, 'WOuld, in another country be considered
Grade Ill, for in many count.ries, the .ixing of high quallt., rice with
inferior types is COll'llDCm practice.

In the United States and SOGRe otber countries" llegislat.ive measureSI
have been taken toprescrfbe wH-defined standards of grade and qualit,y.
sJ',d the mills separate and grade t::leir rice production into controUed
grades as to quality. size, type and variety. The factors usuaUy taken
into ,eonsideratl<m in judging the qualitty and grades of rice are:

(1) shape; (2) slenderness 0:- ratio of length to breadth; (3) color,
degree of milling, polishing and rooting, if any; (4) percentage of
broken grain; (5) damaged grains, discolored grains; (6) grains
cIa_ged by weevils or other insects; (1) presen~e of graiu of other
rice varieties; (8) foreign matter content sueb as weed seed" soil
particle.s;(9) veight per unit of vol'Wlllle; and (10) age and aromma.

Rice, unlike any othrT grain in tbe world, is a higbly cOIIIIjJ)lex cOllllllOdity,
and is the only grain which bas a cOllllpletely distinctive set: of classi
fications and grades which are too inv?lved and leQ&t:by to fully set
forth herein. Hovever. to acquaint tbe reader vith a relat:ivety con
densed format of the classification and grading fO'nllUlae" the fOJUowing
is outlined.

The Unitrd ~tates Department of Agriculture establisbed standards "1~llicb

divide r,ougb rice (paddy) into classes" and the subsequent rougb,. lb~rOUlll"

milled" second head milled .. screenings", brevers" uapolished" p2'rboiled"
and coated" into grades.

Rough t'ice consists of 50 per cent or eore of kernels fr4:D which the
hulls have not been re=oved.

Classifications

Class I
Class II
Class III
Class IV
Class V
Class VI

aexoro (incl.. Rexark)
Patr...
Blue Bonnet
lUra
Fortuna
Blue Rose (and vari

ations of)

-10-

Class VII
Clus VI!I
Class IX
Class X
Class Xl
Class XII

Magnolia
Zenitb
Calrose
Early prCl.llfle
Pearl
Mixed



Grade.

Theforego.1ng classes are further segregated under the fol1011108
standards of grades:

Figure 1 - Grades and grade reguirements for ,11I11 c 1••5e. of rough
rf.ce.-

Brown rice consists of more than '>0 per cent of kernels fron vIbltch
the hulls only have been resoved, and these in turn are segregated
under the following standards of graJes.
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F1.gure 2 ... Grades and grade requirements for aU cla,sse. of brOil'ft rlctJ!.-

Killed rice, in addition to the 12 cluses en1D.lerated previously, bas
three additional classes; namely, Second head, Screenings and Brewers,
and milled rice is further defined as whole or broken kernels from
which (I) the bulls and practically all of the germs and bran layers
have been removed, (otber tban nS'T~cial grade unpolishc;.d milled rice"')
or. (2) in the case of milled ric:e of the "special grade unpolished lIiilled
rice" the bulls. a part of the germs and the outer bran layers it but not
tbe inner bran layers have been removed;, and which contains not more than
10 per cent of s~eds or foreign materials, either singly or combined.

Figure 3 - Grades and grade reguire-ents for all classes of milled rice,
except Second Head milled rice, Screenings milled rice, and
Brewers milled rice.
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Piaure 6 - Grades and arade re9Mirement~ for tbe class Brevers
milled rice ..

V I NO.1

V.INo2
II I. SILl.

ll. S, 'S",,"

V INo,:&,

., 1,,-....,....

r ...tmt4~III~...llllll~
i,"&~f;!i.

In addition to the foregoing, there are further classifications and
grading in unpolished, parboil~d and coated .illed ri=~. Those are
special grades of milled rice, and are, likewise, controlled by
specific grade requirements. The United States GovermRnt has
established rice-inspection stations in all rice proouc1Dg and .il1ing
areas and under legislative requireJllents enforces strict: adherence to'
classification and grading standards. To describe full definitions and
procedures of controlled classifications and grading would require a
separate section too lengthy to include herein.

USES AND CHARACTERISTICS

This report will deal only with the processing of rice as the end
product to be marketed, and will not introduce the many specialized
ramifications in the use of the grain by-product nor the husks, bulls
and rice straw, the latter of which comprises major industries in some
countries.
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The organic ccaposltton by per cent of the grain, i. as follows:*

Polisbed Rlc:e
Item Field Products Rice Hilled Products Nuli.- ........-

Rough Rice Rice Rice
aice Straw Bran Pol1sb-

Water 9.6 7.5 12 .. 3 9.5 10.0 9 .. 3
Ash 4.9 14.5 .s 11 .. 3 4.8 16.9
Crude protein 7.6 3.9 7.4 10.9 11.9 J .. l
Carbohydrates:

Fiber 9.3 33.5 .4 lS.8 1.9 35.,f.
Nitrogen-free 66.7 39.2 79.0 42.1 62 .. 3 34 .. 0

extract
Fat 1.9 1.4 .4 9.& 9 .. 1 1.11..... '

Total 100.00 100.00 100.00 UJIO.OO lOu. 00 100.. 00

* W. A. Henry and F. I. Morrison: ··Feeds and Feeding'"

The nutritive value of rice is as follovs:

Per 100 BraES -- Edible Portion

Food energy, calories
Protein, grams
Fats, grams
Carbohydrates, grams
Fiber, grams
Ash, grams
Calcium, milligrams
Phosphorous» mill!grams
Iron, milligrams
'iTitamin A
Thiamine~ milligralDS
Riboflavin, milligrams
Niacin, milligrams

Broun
Rice

360.0
7.5
1.1

77.7
.6

1 .. 1
39.0

303.0
2.0

neg~i.zible

.32

.OJ
4.6

Polished
Ricl!!

362.0
1.. 2
.3

19 .. 4
.. 2
.4

24.0
136 .. 0

.8
negligible

.01

.03
1.6

The bran layers surrounding the rice k.ernel are the best natural source
of Vitamin B1, and were discovered in the aleurone layers of rice.. lUCie
is the most easily digest:ed of all hU1Un foods. The hUllllaD body digests
it within one hour, whereas most other foods require two to four bours.
The digestive co-efficient of rice is Q8, and allergy to rice is
extremely rare.

-15-



'!'be eel"ll "vild rice~· Is areatly at.1m .. ,;,r.tood for It 1•• reed-Uke
_tel" plat, Ol" 8..:.1c sr-. aDd DOt ri,ce.. It is Dative to Horth
"'rlca ad, whl1. it .1:labt1y r ....1•• real 1"'1<:•• la UU:JOIID 10
otber parts of tbe world. Its Ol"igin llkev1se 1s ualmotm. It ..sand
still is used as • fOGel, first by .taerlcan Indiau, and nov It ia COD
sldered a dell,caey by the A1Ierlcac housewife. It la DOC ban••ced or
slll.d as is relu.1&r rice ami la noc co be confused witb the .ub;lect
_tter of this report.. V11drlc. retail. for about $2.25 per pound,
wherea. real rice is about $0.15 per pound.

It is not tbe iDtention of tbis repOl"t to duel! upon the dietary
.spect. of rice, but there are certain .....c:ODc.ptlons relative to
lts a1M1 aDd b....nfood use vorthy of _atioaiDa. so tbat the
reader 1IIIa)' bave a better uDderstandiDa of the reasODS for Se.! of
the a1111ft& proce•••••

The rice ballot tbe outer covering of tbe graiD, is tasteless,. t.OUlh
and woody, and contains. large vol.... of 11111ca and saud. It bas
sharp,roughened, flinty edges and neecUe-J,ike points (3S per cent
fiber) which, because they do not soften 1a the digestive t,ra.ct, are
dangerous to the stOllUch and intestines, beince p'!~dy rice is little
used as food by livestock and Dever by huaulDS. ~ice straw. on the
other hand .. is used.

Polished rice dry matter is 90 per cent nit:rogeo-free extract, al11110st
exclusively starch. It contains a total of: 18 per cent digestible
nutrients. The protein av~rages about seve~ per cent and is tbe _jor
cause of nutritional deficiencies of populaftions using polished rice
as their major food. In lIOst of the Asiati,c areas, however, vhere
rice constitutes daily food, they do not follow the practice of millLing
highly-polished rice. They consume brovn 1::ice (husked" but not
polished) or "undermil !ed'" rice 'C~taining SlOst of the bran layer
with a higher protein coc.tent.

The first by-product In the milling process! is rice bran. This product:
is an 1JBportant livestock feed in all areas!. Digestible nutrients are
62 per cent with 11 per cent protein and 101 per cent fat.. 'tbe final
by-product of the polish"_DS process in which tbe i.nner layers of the
endospena cover are removed is teJ:1led rice polisb.. It bas a total of
82 per cent digestible. nutrients inclu-ttng 12 per cent protem. nine
per cent fat. 62 per cent nitrogen-free ext:ract alild only two per cent
fiber. In the Wes ter!! Hemisphere and surpIus rice areas of Asia II the
major use of this product is bogteed. Unlike the beavy consumaing rice
areas of the world. the United States and E:urope are the only areas
wh.re they aill off most of the bran layer to lIIlIeet consumEr dellaDd
for highly polished rice. In tact. the natural polished rice is sub
s~quently coated with a glucose and talcWll to obtain eve.n a bigber
,~liSh•

.~-



Rice products, after the .i111ng proce•• , faU into five basie
categories:

1. Whole kernels
2.lroken kernels
3. Iran
4. Pol ian
s. Hulls

The by-products of rice are not too numerous,. aDd a fev .y be con
sidered in the following categories:

A. Human Foods

1. Grain and rice flour
2. Wines - beverages
3. Hargarines

B. AnilDal Foods

I. Rice bran
2. Rice polish

c. Industrial

1. Hulls (fuel) (a~obe-type bricks) (insulation)
2. Bran (oils)
3. Soaps
4. Powders

D. Pharmaceuticals

1. Grain and bran - vitamin preparations
2. Powders

VARIOUS KILLING PROCESSES

Rice growers generally sell their harvested crop direct to mills.
The methods of harvesting are as varied a.s those of production. rang
ing from. the most primitive of hand operacions in cutting. shocking
and threshing to highly mechanized methods. The end result, however 1I

is the same; namely. the a.cquisition of as many bushels of paddy rice
as can be obtained.

Before discussing the various stages in the process of rice milling,
it may be helpful to point out the structure of rice as a gra,in. because

-17-



miU.ing is concerned essentiaUy with separating tbe whole graj,D!,
or paddy rice~ int.o Lt.. t.hreebasJ,c categorl•• ; n.ateIYlt (ll bWl.ked lf

(2) t:u:'01im or bran rice, and (3) .iUed ri,ce ..

As previously aJleotioaed. the paddy grain bas an outer hull or hale."
is hard and covered vidl needle-lUte bair's. bigh ta sUic:. cooteat and
consists of two ridged Inner gluaes and tva outer glUlles.. Itillillll l:h:,tlil
or no value other than that of fuel. the asb of 'Uhlc:h is sODeri..s aed I.D
conjunction with powdered fats to produce an __bture for c!.ealntl:inl
soap. and lye.

Ina ide the husk i.sfouod the 'rice kernel covered with bran layerrs. It
usua11y is 1ight brown in color If hence the tera brCND r ice or husk,ed
rice. At one end of the kernel. and ly:U:1:8 within tbe bran la,err. , 1.
thegerm. or embryo. which nearly alvays is re.oved with the br'aDln
mUling. aice bran. including the gera. 15 bigb in nutritive v'.lue aDd
valuable for livestock feediq. Hext to the bran. there lies a! layer
of appreciably different _terial. knOUD ,as the aleurone l.ayer 1I which
is rich in nutrients.

The starchy core .;)f the kernel" after substantia! and variable retlliOWal
of the layers described above (dependent :upoc tbe .111 io& prOCtl!iiss):Ii :I.
the white or creasy grain used as food.. 'Thists termed lDl:.U led rice ..

There are ..ny variations in the _illting 'process a.nd io t:he 1lI:Bcbinery
and supplementary equipt-ent used. In aany countries" larse atIiiG!Uft;t:$ of
rice are produced for d01lle:stic consumptiOiIl by ftOllle-pouDded. or
primitive. devices.. In the IIOre developed areas. l!JoNeveT. tbe rice
produced is processed in botb saaU and hiTge-scale cooperatives and
coanercial mills which have installed IlUcbines and other equi~clt to
carry out the ne::e&sary operations in obtaining the finiabed pJ:'oduct"
white rice.

In most parts of the world. the design of rice ail1s bas not advanced
for many years. and a large proportion of .i11$ in existence are obso
lete" worn out or require either extensi'lle repair" reflJovation. DDdi
fication or modernization. On the other 1l».and" t.be adlaptatiOlm olf ,.,dern
mechanized methods 1s relative to tbe ec:cmoaics of Itlllle location: iQV@l"e<d!.
productivity of the ray material" aarket availability and :UmUlllerable
economic ramifications about whicn tne rea.der illas already been ll:'all:tiOlm~'~

In this report. consideration is given Ito a ll\1Oliern. .ill of lIIlOdest
capacity which most likely vill be applicable to the average eCOQiOlIIillic
location other than in the United States. While the pr:b:Kiples and
conc,epts of modern milling operations are adhered tO li the ecoacllllic:s
are based on the smaller capacity .ill vhicb viII DODlally suit t,he
average requirement:.

f'urther. unlike any other graio, the processing of rice. especiall.lly
milling. is linked with local habits. traditions. nutrition. req~i.:rltl.lell.'lltl!lt"
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CU. tiCllllllS" demarlds and other ,robIe.. '" ...ny of wthld.. are not INI", to
alter. For ~nc4Ul!lpUe. the aoderolzed parbo.1UDI, process ill uQkn~ itl
many areD of the vorhl. &:lodene ~nd product ,.iOUld not be a1cceptable
if h: were used ..

It.. world trade, h~ver" although rarfr(lJJll be.llI& standardized!!! the
parboUiq ,roc«uls is 14.ialo,l 501l!1le a.cceptance such as 111 In,ilia and
8rh:isb Guiana.. The vit_ies aed otber eliJltrieolfs J:o the br<lt'~ Uayerll
are forced Into and f l'Celli in ttbe endospe.nI. it Is less atttr.~ .. :lve t:Ci
laects than underaU led or hamJ-pOLmdedl r:h:e. the partl.l gelatinh:aclOJllll
of the .tarch durlaaparboU.l.q touahecs the l,ra.l0. aM reduces brealb.le
duriq aiUing. aad die parboUed rice beps for sev~=<ill days .ft:er
cook.iag. where.a!! t,M rav allied rice IUlSWlU, spo.lJ.liln tva days ..

00 the otber hamll, 1llIOSt alUers reel tlbac, tbe net cost of parbo:lJ ins:
rice is bqher tlbaa. that of produc.lq rav rice am the relative hislbler'
yield oEwole gralcs (10 per cent t.o 20 per ceot) .nd other benefit:!!
do not offset the added processlD& costs.. In otber areas" the OlPposJI.r;.e
is claimed.

CcmsUII!loer aceeptance. is also .. lhi&lldy variable faCe't:or!l i'or parboiled
rice has .8 disttneltlve odor ulldclb It@ sOlDleb a bighly objectioll141bl.e
feature. A aodlfied process recentJLy has beelT/l develope~. "lcb COllll.Si.$its
of s.oaking the rav rIce in a bot dilute solutiGrll of caRciUlll clillloride~

The prod!.u,ct is bOUD as calcured rice aod retailllS the appearance of OJI""a5t""'"
lllIIlllledraw r1.ce. Ibutpossesses aU a the desirabJLe feattJn'es oj!' parboi.led
rlc.e~

It is cla~ t.o be even less susceptible to tasect attack and to
supply additional calci.... Cost fac.tOl's" lbouever 1I are bigllllly vartabhe
and the product vas develloped too recently to ,detend:ae CO!lllS~r

acc:eptao.c:e.

The patterns of cll::aacge in world rice COIll!/JllJlRplttrOlD hoa raw rice to pIillr

boiled and chesically treated rice villl be slov because of t.abits and
customs. Superstition" religions and. lMDY otlber el~lts also pla,' ,1!l1,

part in this world rice pieture.. For eXUl!ple" in ltbe Orient" practi,cal
starvlag consumers discarded free gifts of parboiled rice rather t~~

eat their nonu.l staff of life. To them it just did not look or taste
like good food ~

In the Dnited States,. .mere the allUlual per upita coosu.apticn t. fiw
pounds. rice is rice. In the Orient,. _ere thE per capi.ta c:~uapti.4l')Jft

is 4OOpOiW1ds~ rice is lifil!.. It is lleeessary. therefore" for tbe reader
to utilize eOl\Slderable elasticity In his t.hinkiDg uben cOlrllS::ltdleriDs Itoe
relative eeonoeies of .tIling operatiOO& d~scrillbed bereiD~

Yllellthe rice grain is broken dm..""D: in the successive suges of tbe
.Ul:f.ag process. about 25 per c,ent. by weight.,. of the ~igiDal rc.:gll:t
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rice iii hull" or hUilks. The balance Is: the haked kernel! or broua
r lee. In t;,he 1'1111 lng process tbereafeet"'" 1.5 -p~r cent cOlllillPl"1siog tbe
~n.15ked kerne i or brCJVl1rice is graded after subsequent aU I inaint~)
flrst heads (cOIIIpletely wole grain lItjJn.~d rlce) and sec:oad beads
(broken graies)., tbe percetu:age of one to cbe' otber .finlly deter
mining grade and! price as wtUned i~:;, preceding till:tles on grade;jj ..

It "lU b,: no¢:ed that Crade U.S" Ho .. 1 cOillltll,in50o i1llIIOre tN~" four
per cent of broklfi'n gralrtS by weigbt. vhel"eas Grade U.. S.. No. 6 CaD

contain .s much as fifty per cent of broken g,ra.:i.Ttill. Asain", consid4l~r'"

ing tht! :milling 'r:esul tafr'OIlI tbe or .lgbud rouigh t":t,ce vtth 2S per C.~rrllt

by weight constf.tut.tng hulls or huska. 51 per cent, of chI' :reJl'llil.lnina
is gener• .l l,y first, bead. Tb.ls, bowever. :i.a e!otl.:rely relati.ve and
dependent upon aUJ \!fflciency i.o equipMnlt cUMi _nag@'_nt. ..

In the United States" a geoeraU .ii.U.ng rule vbicihl can be •.pplied
ls 2.5 per cent hulls;f 5u per cent .first bea,!,;Is;lI 15 per cent second
beads. e tf>bt per cent bran ami poa isb and tlillO per cent debris. 11be
reader ..... t bear in Q1..nd. bOlle"er., that yie lLdis io .iU 1.08 are very
varlable throughout the wrorUd. In Bunu.., f;olt" exalllple (vorld"s
largest exporter). vihlere tbe parboiling proce!s.'5 15 accepted practiee ll

1L6 per cent is fi.r$t head avera'~'J'!'1I 0 .. 5 per cenc second bead and 2 .. 45
pe'- cen.t bran. Husks are the SCUlIIe'll 25 per Ce!lU: In Bunra lit b\'Clllllilever II

only about: 25 peo:- cent of tne rice prociuctiool is of dlle parboiled
pro,cess lI • dec line frotlll 40 per cent pTior ltolWlorld u.ar II ..

Wihenwe SlEak of aiUing plants or rice lI!IiJJs. 'llIe again are confrouu;ed
with a paradox" for 'l'llCre than J4alf of aB tll1le rice produced ilO). tltlle
world never leaves the ta1:1lll1l where it is grOWlllI.. In Slllcl!ll instances II

standard pract:ice. with but .i:l\or v.tlt"iatiOQs" is to process onUy the
a:mount needed for one week 8 s cons\Ul!llllPltion by the far1Wi-sltead and
neighbors. The milling machinery cousis~s of It~e mortar and pest
principle.

In intenaediate contrast t.o this are tihte simmpdle rice llQIills ~ wi!1Iich are
sbDilar to the old type manual or belle-drivenl coffee-grinding lDoach!De~

and whir",_ in many areas of tlll.e: world. still serve as t!ble .coa-erc:iLaJ
millers· process. In both methods» the net resull t is tbe same 
undermilled rice and a single COIll1ll11l1l0tUty ou.tpUlt" rice and b.lld.l$~

In contrast to both the foregoing are two classes of the c~rcial

steam or elect:ric powered mills.. The first o,f chese t:vo classes
does not: operate efficient separators to divide the final .illed
product into classes of head rice and tbe l!lllanly different ItJr"pes of
broken grain" but produces one type of ediblel rice" one gra.ce of
brokeil~ grain and one !type of by-product: feed .. usually lte~d ;;:-ice
bran ..

The second c lass of c01llllll1lerc fa 1 til], is the type with which this report.
is concerned but of a capacity cCl!l8men5urate vith the average reqtlJireme::ltt



of an ecooOlllY he•• devc lop'e:d .~:-:'~ Il!e('banlzed tballt that of the toi"ed,
States ..

HiHinI plet capacltte:l tn the United Stat•• sen.ratty ne rated In
terM of barren. or pound. per bour or day and c.er•.te by .".•,li1\l"

gea.erated power using r tce buns asfue L ''lille.ft are IDlKD tbe __
as those fouadla lura, S.l~., French ItJdo~:llNl. l.tai)'.lrazU
and ArgerttiNl"

The lIIl4jorllilU Is in the United States Wtvif capacltles of 65,,000 POUl!NU
to3,50l).OOlOpounds per 14·hour day. &ny otllwt' cOIlllotries o·f Ithe VOI'lld
use suti electrically operated aU b ca:»abht 01: lPl'oc.e••.iDi, 11l1!li<OO to
5,000 pounds o.f rou,gp or paddy rice daU.'t" b ,.rft.~ "'ltai, U<nt.10ll:lllt:d.
thelemtlls are DotequiLpped vitn .eparllll:.ll!"1!1lll _c:blftes
different grades of ail led and bt"*n rice" ''lill.1iif,
and broken rice cODtaining everytbJlq. frGml the
s [ipped through tbe hu 1. leI" !I t.o wed seeds ..

For such operations., the quatUy of the proGlUl.ct depeDds a..illlCSlt e.mtt1:rell!'
on the qualit:y of the rough ri.c.e llrl:U Ued.. 'nne bun Us alU! disc.-r@ed :i:Dlt:c~

nearby streuma .. dUl1l'fPed on unu.sedUands or blillme<dl in p:UeiJ,. SIlK'\ni.lDllL
produce just as auch edible fOeodper \l;IIoit of rlc::e .uU led blUlttnot: of
tbe types and qualities deu.\1TI«l!ed by couU'Rrsim\ tbe ~$tem Uieml:lt.pbe=~e.,

Sim::e theb:' custoaers are IIIIIl)StUY1\lll. tbe Uov-illll.c:Gme brackets .. price
conscious and not quality-e.cmsciOl.S .. tihlese -Uhl are as t!'!tlclemitt: for
the areas they serve as are GOst oltbe elalt.oralte giUs in ttbe- lLluI:lted
States"

In the economic aspects ofaiU.ing aJOld illn tbe imltenre!iit Q)f adtli11eriDg to
a c01\l'lllDl!rc ia i enterprise tJraat is neitber in d~e <t:;ategOlrJ of trltlll:!r smaU
village type electrically-operated aiU .. vH:ilrl a silllgUe eJll,\d, IprrlMllJlCI1
(ungraded ric.::) " nor tl1le large clQIIllIIlllIer.... iaA ty~ 'Qiiriltlhl iiJt:slJll,\Jll,\umerallll·]e
grades and by"'prodiUlcts. tbis report is conH,JTlled t@ ltll:ne ~est .. :lmaUl
capacity aill whicb is fulJly llIiOdern and C4UT! rareet aAIl. ttfu!e DClJ1mI.It sarkeu:
requirements of the large aU.Is as to grade!> aumdli IIjI'lUIalit:ies Gm an
adequate. cospetitive basis.

The ecooOlll.'llics of any .ill depend upon vibat h actually produce'.:i" ~
thousand hours per year is generaUy t:he ec<MllClric ~..irmJJm" wereas
4.000 hours per year are the technical max~. ODe of t:be ba«ic
eleents adhered to herein is tMt tae principles aM c::~eplt$ ll.'»!
aodern _illing QI)eration are fully foU.!lJllIied at tbe louest reasOllla!blle
eCODOIII.'llic levels.

This report!s, therefore» based OD an beNr!y n:!:U.i.ml& capacU:y of t~
toDS of paddy rice and bas an end product of 2 ..800 p>~ of top 1,~ade

ail led rice. It is a 2 ..000-hour annual operation ultn:!cfu! UO\\llJl.d .c:c~

date the average annual yield of 42 bushels per ,acre from 4,,232 acres
(4~({)oo pounds of paddy rice x '1 .. 000 hours & 8",OOOl,,00D:~ ;. 45



pounds pel' bubel ., 177 +111 bushel.) ..rbe alit.. of cour.e" cwld be
operated on an elabt" 16 or 24-hour bUb. or' 250. 125 or 82 da". JNtI'

year"

Th••lll de.crl.bed herein a1.ob de.igned tCf be operated by eleetric'it
Ole••1 or st... pGUe-r. Obvlowa!,. vUbout .peelli,c data relative to
locatloa. 'PO'MI' 'it labor. aadproducrlvity", It is f.8pos.U-l. :0 do ol:her
tun saaeral!:. OQ .ucb factor...

There are .eveD ..jOl' c0D81derati,0IP' fO be .tudi.d, in planatDl a D_

aill:

I.. 1'be alII .hould be boused 1a a bulldiaa of
ainu..- SiH to keep !that port.l.on of capital
!Dvut:Deht u low as pos.ible ..

2 AutOlUtlc ff._<i:;ures sJllOUld l,. :lDcorpol'ated 1D:ea
alll operatiom: tOltH greate.t eneDt ,.sible
for eae of control.. 1'bis reline. operator. of
ltr:laD)' _nial tasks ...ociate¢ll vl.tb DOaaUtmllltic
.Uls.

4. Service factor. of equlp.eD.t ...t be: biP
if alli is to operate conti.lWOUsly. Shut:
dOVIAS due to breakdoua.s c.... be: BOre cost.l)'
tbaft the ort.loal. price of a p:leee of equip
llIIeDt.

S.. Kuf.lul flexibility should be fa.corporated b
to the flou so tbat uaifond.ty 1D: products
caD be ...lntained and. adjUllt1lllll9lU 1D: .pecifica
tions rt:.adily -.de..

1. Low aaint.eDaDce expendit.ures vlll COIIlltribute
llllDeasl1lrably to lou cost. operat.iOlllS.

1. Sll:orage
2. CleaDing



3.. Hunlng or huskins
4.. Separac ins
5.. Brovn rice bulling
6.. Polishing
1.. Grading and sackin.g

L ~tora8e

Unlike other grai.u requl.r1nB m:UI108. tbereu IlIUcb .-tara stOl'ase
of paddy rice, aDd. exc.eptiq 'tbe iarger cooperative allis aDd bll
mll1ln& cOllIpaOies. tberice .UI operator leneran, _intalas st4wale
facilIties for only a fraction of his aM_l vol~:t purcbasl.DI the
paddy rice in quantIties c:~urate vltb his schedule ot definite
orders for the allied product ..

On the other band, rice is bighly susc.ptlble to deu:rloratioa il.
stoT·':.se at: both fara and .11 n:t ,aDd proper prevention is lIOI:'e eff.~et.:Ive

than any type of efficient cure.. Because of tbe It.OilIgb exterior ell! the
rice Biterae!., paddy rice is IDOre re.t..tan~ to pest ~e It.han otBllell'"
graias ..

Despite thi.s, however .. infestation does occ;ur" altl4il the only pre",veoti:\fe
is .fuaigat ion vild/eh ordina'l':Uy 1. not requdlred for paddy rice but is
necessaryfrequentty for aU.Jed rice l.t it: is oot: lIIOVed to _I'tel
iJcLIIarediately a'fter DiU.iog.. The principal ,~st infestation COllIeS troe
rodeats. b15ect.s aad fungl, and st.orage pre!SeDts a dual proll:ill.e. siDce
ij)roper controlled st.orage facilities lRlIJst !)Ie lUimlltaiHd for both ItQe
paddy rice and the end prod:uc:t" tbe 1ll1liIl1ed! -rice ..

Ia addition to these storage p-rolblellftli" t.beJ:'eu tbe _teer cf laOb.ture
content. In the hQlllllid reg 10:15 of SOUJItbeast, As la.. !!lOist.ll.lllrte c~octeIIU: mu"It

be controlled within \0 to 12 per cent.", vbe~rea!l :ill other part.s eill' Asi.a ..
Europe and tbe Vestem Rellllupbere 12 to 14 per cent is desirable f.
paddy rice. Killed rice in storage,. 'boueve.r" 1DQSt ...dntab 10 tlOl ':2
per cent moisture coatral.

Where tbe80uture COlru::ent exceeds tillle above IliJI.Uts" stored rice
develops beat which C3uses discolloratiOQ and objectionable odors ..
The interior of tillle grains becoaes soft and subject to exc:~ssive

breakage resulting in subst:antiaJl. losses u salabi.ll.ity.

The large .iH.iog cO!IIIIpaDles in the United States usuall, deal vilt.1ll
separate cooperative or cOlIlIIlpaoy driers. They purclinase their paddky
rice. dried and ready for lllIl'illling fr(1lll1l these sources and send tbe:ir
.ilied rice to sack dryer plants and "'''arehouses. In aany iDStanees "
these operations are not separate cOIlIlIIpanies but integrat.ed parts of
large llIlIlil1 operations and cooperaeives.. Heebanical dry!q 01" aa,"
other method of lIIOisture c:onerol is based 00 the SalIIlII!'; principle 
blowi.ng hot air through or over the rougb rice untU. tbe excessive
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moisture bas been removed. Killed rice In .torese, whether .acked or
bulk, i. dried .~larly.

The.olution to the .torage probl_ appears to be dryin& aDd _int;.I.
iDa proper .o1stUl"e cODtrols of the paddy rice prior to s£corale or
doiq so iaproperly de.f.laed, constructed and operated elevator. aDd
driers, aad varehous1a& milled rice in rodent and insect-proof, lIIDisture'·'
proof, dust-proof aDd well ventilated storqe facilities.

Althouab aecbanicaldriers appear to be Decessary for produciDI .fiual
allied product of top &rade, the ecODOllic efficiency of establish!.
such facilities 1a all rice .illing operatloas is nishl)' que.tioMhl...
In ..ny area of the ¥Orld, pacldy rice I. dried in opeD d·ryiDS,ards and
covered each nisht vith burlap and camr.. u protec.tion ...:lAst dew or
rain. In other area., cl~tlc coaditioas are such that the dr,'inI is
done in the fleld. before banestins. Like all otber ec~ic ele:.Dts
involved :in thb .ubject, t.he ,factor. are relat.ive and vary witb, loe_tIOG,.
and _rket ..

In tbis report., however, tbe as.UlIlIIptioas previowl1y liven iDvol'V'ed
storage at .ill, of 40,000 busbels of padd:, rice which, in te~ of tbe
pby.i.cal facilities necessary, llleans elevator ("'I' flat) s:::ora&e silos
(or b1u) of cOllc):'ete, steel or vood. '!be -.t recent e.c:illlates for
constructi.on coat. of the three type. arefrOllll $0.. 65 to $1.25 fo!r eaen
bushel stored l' includ1n& the head house and auxiliary equlpaenc for
receiving, dryina and elevatiq (or conveylns) the grain..

Convertt.a& this requireaent to availability 10 production would equal
tbenormal y1eld frClllll approxt.&tel, 1,000 acres. 'Ibis, in cum" would
_an that .. in 250 days of .111 operation" :!IIucb storage facillcie:s 'NOule
be filled four cines to accOlllll8Odate the 8111 described in tbis report.

l4letber the storage facilities for the paddy rice are built of concrece"
steel or wood", each bas its advantages and disadvantages.. Wood. beiDg
a bad COllductOl: of heat, pe1:'aits llIIiIintalning a fairly even temperature
inside the bins.. Further, interlacir.g of tblers and plankiD& _ke walls"
particularly corners", strong", elastic and resistant: to bursting
stresses ..

On the other haDci, steel and concrete penait -.int:a.iniuB better rodeat
and pest control, are easier to clean and require las _intenaaice ..
Bulk storage also can. be accOlllplisbed by flat grain storage" in lieu
of elevators", and in buildtnas containing sheet IIlIetal bins as shoun in
Figure 8.

The foregoing should give the reader the relative factors to consider
in relation to storage requireBIents .. loc:atiOll, and crop availabi,lity..
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fWld:gation ol'ilH,uarUyls nof. requ'U'4lld !n roulh rice sc,o::qe f,flciliei••
of the better construction. HCll'lfever " ..~:e ,fumd.,fI,ttOG sbould be done
at least rc:vlce a year and regularly were \11I:(1 led rice i. stored wen
eact'll major ClI iu.antltyb ll:!I)(Wedout.

Paddy rice received frOilllll the fleld'lJ. W~'1).t "!li1cllti:<ed or in bulk. ('OI;1t810.

quantiti.es of :dust, stubble strav, weE'd see,,,JI:i and ortner fQreil,n _teriall..s
vbich are reaoved eitber before going l11UO :':II or aIL !the .111 before
entering processing.

The assumption here~n is that. fro. /the .nevatorsDr fliat. SltoragleC
facH it les ,the paddy rice is conveyed to t1hle mill! UU rell:e!vicg lluopper5
in its field condition (or part.laUy cleaned) ah:,er Uua'~ing received
proper art ift,cia U dry.1ng atte.eratiUJres ot n d,e-Irees to i2«JJ degree.
Fabrenheit. Tne cleaning is ac:co.mpU.shed by::u t'Ollllll1!dMtion of screening
and blowingl with the paddyri(:e n:»,1UlS:l.1tlIg thrc\l,j;g~u :Sl.Uter scree1llS and di....
charging into ducts or conduits a1flld the foreil:n mUter teililig sucked
through cyclone dust and rehllse c.:olaec'tors. (See lJ:'ifi,ure lllDl)

'The cD eanedp':lcddy or rav!l"ice thEn passes to batclm $caU.es freD were
it is conveyed pneUillUltica a;y Ito graders aU1ld separ,iltOrS before mterihug
the she nn.ers or hull. H.ng proces,.., (See If'igure. II n
The gradin:g and .separ,atiag 1l:lllactd,;,,-es etnalblle ul!llii.ion~ grain 5i~e5 !to
reach the !bulla er orsneaier ::u) tihlat the :i!!l\iiclillinery can OJPler~u:e au;
prolonged periods !before second adjustllllllelPlt rll.lllPlS~ lit ahio perai.ts
handling of other sUlUar grains reqll.llirin,i;siaillalr prO'l:es!iing 'lith
minor 3.djustment. FurtiDler,. title gradin~ of tlhle ri~:e grain belM'1! ilt
reaches the bull ling or hu:sking operation insures .t mdn~ of I,rain
breakage and. hence, a higher yield of the wolle ~~rain ~ade5.. Many
separators also ar~ equipped with lll1Ilaglllleticdevice$ to l"telIIQ'Ve an., aetal
particles which mlIIigbt cause damage to IIllllachinery ..

3. Uulliy or Huskip,g

The historic metbods of husking the rice grain or reDCJVal of the Ollter
covering by mortar and pestle. pounding. old-fashioned husking stones.
an.d coffee grinders. bave been described in a genElrall val''' M\$ previously
men.tioned. the old methods still are folloued in ~y areas of the world.
but modern practice employs machinery of various types ..

These are nothing otber than machines containing t:vo taetal discs" or
stones as they are sometimes called", coated on tbe:ir opposite surfaces
with a durable abrasive cOl1lllpOsition which can be renewed readily vbe:n
necessary. the upper plate remains stationary", vilt.D the lcuer one
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revolvlq at speeds of 200 co 600 revolutions per 'llIl1Dute.. The upper
plate is adjustable to fit the husking of the size grains beiDg bandied
and tberevolvinB motion of tbe lover plate tends to keep tbe gra.ins
of rice OR end and crackiag tbe husk witbout breakl.D;t.; tb~ grain..

Other t.ecbniques involve the use of borizotltal rubber rolls revolving
at cUff'erent speeds so that tbe cOIlIpre.stoc aetloa ts rather gentle.
the gr.t.DS enter 1n • flat poaitiOD, and the busts are pressed off tbe
kernel, so to speak. Still other types esIIploy a rubber belt under
pressure to toe sbell1D& roller, and the sl1el1101 surfaces cOD.lst lof
• vide rubber belt of ualfora tbickness througbout its lens;tb ..

f'tsure 12111ustrates tbe under runner disc tJppe of sbeller ..

When the gra.m has pused tnzouab the sbeller!J or buskers. tbe busked
product processed is COil1IpOSH of husked graiu, uahusked gzo'aiDS, unripe
grains, brokenr,ice c~led duriJ:ta the buskins. SOllIe bran aeal and a
quantlty of eatpty husks. this tdxture tben passes to the Diext suge
of p~ucessins ..

4. Separac1n&

Tne brOlmrice IraiD 81.1St oe separated froa the Ull1llI8able residue and
the uabusked and unripe graw reelaiRed.. t1ldls is done by .eparator.~

one known as the paddy aDd tllue other aa toe elbaff aeparat.or ..

The chaff or !luas!.. aeparator, in reality 'II is a siftfUl _chiDe or
cleaner, the same as described aad illustTated uDder eleaniag (Figure
U).. This_chiDe reeDYes the lbrovnrice,. bou::b wale and broken"
along with bran Deal'll uabuskeCI and uu.ripe grailns. eUoausting tbe dell ess
busks and. chaff through cyclcm.e suction to refuse piles and sending tbe
processed materials reaaining to tbe paddy separator ..

This latter machine ca1:Ty!ng ..he lbroun eice residue is designed to
separate the paddy rellllillining in the 1lIluture after husking trOD t:[1.e
cleaned husked rice.. It eOll1Sists of a large, inclined" 1lIlI!clbla1lllicall~,

operated sbaker, the surface of vbicb. is interrupted at regular
intervals by $_11 vertical 1lIDetallic plates vlhu...cb divide tbe rice.

As the shaking proceeds,. the paddy grains,. being lighter" gradually
-ove upward fro=the center feed and pass over the biglm side of the
..chine into a trough, vbile beavier husked g;E'ains are collected ulIu!er
the lover side. 'lbe separation may be varied by changing the speed of
shaking, tbe angle of incline of the table or the rate of feed.
Figure 13 illustrates such a machine.

After separating, the paddy leaving the _chine on the high side is
returned to a secondary husker. while ~be husked broun rice is passed



on f'o. n.rther processing. This secondary h....sker, or buller" is
aeneral1y smaller and the husking stODes are adjusted at shorter
distances apart, since the grains which vere t'llOt husked iD,the firsl::
husker ar~ smaller.. After the second husking, the remaining .ixture
againflows through the paddy and chaff operat,ions ..

5. Brown Rice Hulling

Brown rice, when free from its outer coatins, still is covered with
the silver grey or vari-colored i~ner bran layers. It must. therefore,
be milled several times" dependent upon its origin and the standarG4Ji
of tbe finished product desired.. This is dODe! in a _chine or ..chines
known as 'white rice bullers. These machines s'our the bran. and rub the
germ from the shelled rice grain..

This process differs considerably from the old. type pearliog cones.
im;'erted, truncated t.ones covered witb a 8ixture of elDery and CeDleftt:.
whicb revolved inside a steel wire scrtzen encased in ~n iron casting,
with openings for the grain to enter and leave as the CODe vas spinning.
By raising or lowering the revolving cone. the distance between the
cone and screen was adjusted and the amount of scouring regulated.

The machine illustrated in Figure 14 is the type used in this report.
It consists of a horizontal cylinder with large helicoidal flutiug,
turning in an iron perforated cylinder (lineal holes through which
the bran husks pass) .or in half stippled and half s1llllOOth cyliDder ..
The fluting. horizontal in the stippled part and inclined in the smooth
part. first whitens, then carries the rice to the exit ..

In larger ail1'" machines operating on a different principle are used ..
Here the bran is peeled off tbe grain by the action of a sp~cially

grooved rotor t~ving machine-cut shallow grooves running parallel to
the axis.

From these machines" tbe shelled rice passes to the polisher 'lIfitb tbe:
bran conveyed to storage piles or sacks for use in by-products.

6. Polisning

After milling. rice bas to be brushed or rolished in order to improve
its appearance and to remove the bran produced during llIIIilling.. This is
usually accompI isbed by the use of a rice polisher ..chine. Figure 15
illustrates such a machine showing the outer casing open..

It consists of revolving rollers. or drums" encased in finevire mesb
with an inner covering of sheepskin. In some machines leatber strips
are used on wooden sta..'':;s mortised into solid cast iron heads to
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compress the cylinder. In some mills the bran buller and polisher are
combined in one machine as illustrated in Figure 16.

Thp by·product of the milled and polished rice is known sa rice poli.sh
inga and is cOlllDOllly mixed with rice bran or meal and ...rketed for live
stock feed.

7. Gradina and Sacking

In most modern mills, rice is cleaned and graded folloviDg the ailling
process to standards of the finished product and the requirements of
the market. In achieving this an intermediate step knoun sa sapiratar
ing generally is taken. The residue and polished grain are received in
the aspira'tor machine from the polisher. and ",he whole rice, broken
kernels. immature rice (grains varying in length and thickness and a
c.ertain quantity of bran) pass through the machine which separatea ri,ce,
brewers rice and surplus bran, and duse and flakes in conjunction with
a vibrating screen. Figure 17 illustrates an aspirat.or.

The vibrating screens described in this report are of the single deck
type and principally are for the ext.raction of the brewers grain.

The foregoing is generally the first step in toe grading proces::.. A
second grading by length and class of grain is then required, and the
milled ricie passes to a disc gradet:. This machine is similar to that
illustrated in Figure 11 and separates the wole grain. number c:!'De
grade rice from broken and brewers, gravity feeding the head rice to
bins.

Finally, a third grading by thinness and seeOlldRry grades is accomp
lished by an. indented cylinder grader sbailar to that illustrated in
Figure 18. This machine is little more than a rrller with varying
sizes of cylinder wa~l openings joined in multiple combinations.

It ~~st be borne in mind that in the particular field of cl~aning and
grading rice, no set rule is available. It appears tl:.at rice millers
use a certain series of machines according to experien=e ll processing
techniques and the market to be supplied.

The general rule, however,. is that a good paddy stock will yield the
following after a high degree of milling and grading:

Killed rice and coatea Tice
Broken rice and brewers rice

Total yield of edible grain
Bran
Rice Polishings

Total by-products
Husks (including invisible

milling shrinkage)
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After the final grading, the finished product !MOves by conveyors u)
the varlous surge cr storage bins from which it 1S grav.ttjl' fed. weli.ii:~hed

and sacked.

Note: This report does not cover any of tbe phases of -mill operatloins
involved in the processing of coated rice (tJreataent by glucose a~'1d

talcum), modern testing devic-es employed in larger mi.lls, pa.rboililng
process, consur~er p3Ckaging, shipping or urllceting. Such infoNation
can be .furnlshed in separate reportin«' but i~s too extens. ve to include
herein.

Sacking operations are dependent errltirely UP4Q\O the market involved ..
For the purpose of this report, it is assUIl'M!4tll that finiq,hed products
are sacked in cloth or muslin bags of the weights cOl1llIimensurcue ~ith tbe
locale and tables of weights and llT'Jeasures previously it~.\1)ized.

**********
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DIREct MATERIAlS

Armual
aequirements yolt Cost

ADnual Cost
Istimated Actyal

• ••

Rice

Packagiag ..terial

TOTAL

4,000 tOftS

•••

SUPPLIES

$90.00 a ton $ 360,000

3.00Q.

$ 363,000

Annual Cost
Estimated Actual

Lubrication and band tools

Maintenance materials and
spare parts

Office supplies

TOTAL

Occupation

Miller

DIRECT LABOR.

Number
Reguired

1

Hourly
Rate

$2.25

.$ 2001

2,0001

200~

.$ 2,4001

Amlua1 Cos t:
Estimated Actual

.$ 4,5001

Hiller's helper 1

Elevator, warehous ing and
sacking --l

1.60

1.60

3,2001

3.2001

TOTAL 3

-JO-

$ 10,9001



Occupation

Manager and office

Maintenance

TOTAL

INDIR.£CT LABOR-
Number

Required

1

2

Aanual Cost
EstiJllated Actual

$ 8,000

Description

PRODUCTION TOOLS AND EguIPHEN1'

.Number
Reguired

Cost
Estimated Ac:t:ual

No. 3 Rough rice cleaner 1 $ 2,500 --
Automatic rough rice scale 1 1,000

Rough rice disc grader 1 2,000

Disc seed separator 1 2,000

48 Inch under runner
rough rice sheller 1 3,000

20 Inch under runner
rough rice sheller 1 1,500

Chaff sep2-ator 1 1,500

High capacity paddy separator 1 4,000

Huller 4 8,000

White rice polisher 1 2,000

Centrifugal exhause fan 1 400

Aspirator 1 500

Vibrating screen 1 1,000
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Description
Mualber

Required
Coaie

Eatmated kt!!!

Disc white rice grader

Unlflov indented cyl1Dder
grader

Cyclone dust collectors

1

II

3

$ 2~OOO

3.000

If_I

Description
:NwIber

Required

Daub Ie e levat,ors

Motorized elevators

Screw conveyor

Steel floor structure
45 feet long, 17 feet
wide, 12 feet high

Starter~, switch, wiring,
bins. spoutings, gut
work, mill feed hopper

TOTAL

2

1

1
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9,,501)

1,50l)

3,60D

2,000

$ 21,,600



Pl1e cab1Dets

Typewrlter

Add1D.g ..chine

TOTAL

lulber
"gaueeS

2

2

1

eo.t
Ualt. Cost "ct.-ted Ac:tYl'l.

$1510 " 300 --
1,5 ISO

ISO L.SO -
l510 lSQ --

$ '750

In rice a111iDa operatiou. the flau curt is t:be 1III.11er ll s constat
gulde. It is on this sbeet that all details of! the lII1.11tDa ,roc•••
<_chinery aDdflOll) ue aoted la operatloaal Girder.. It _t \be bpt;;
up to date without fail if losses iD operatial coau are to be avoUfJ~d ..

Horaaliy., the flou sheet should Uldicate all e«IlU~t" that; 11:" tbe
nUllllber of the various RachiDes", sizes", dlffereaitials" revolutl-.. peI:"
.1nute, capacity ccmtrols", aDd auxiliary equipllealt. sucb .. pro
portlOl'lial and bleDcliDS equl....t. cOQveyors. scala" cleminc e.ip...
..at 11 and ducts ..

The va.rious_chiDes are represented !by squares. rect.Ul81es.. ckcles"
cylinders and other syabols. and the flou of stock tron .. piece of
equipment to another is represected by cOIImeCti8IIC liaes vit~ arrous
indicating directioo of flov.

lbe flou sheet is _ndater, in a veIl nmplant.. 1D the past. "lis
vereincH.ned to a110u uncontrolled exp8uioa. aDd DOt tatr-._tlly
1lIi1Inagellilellt a-.ltened too late to the fact t_t it bad developed _y
unnecessary conveyors. that gravity bad DOt lbee:1Ill takea advataae of,.
all ccmtrlbutiag to iaereased operating costs aDd l~ profit retllllnlll ..

Figure 1 shows the flou sheet for the aill covered in tids report,.



In order to provide for future expauioa" .. p,lant site 0.£ ODe 6cre
vould be required.. The plact site shoald be .U advaotaleously loc..lted
a,s possible witb respect to traMPOrtat1oa'll pCllUeI'" ..ter. fuel ll rni

_terlall. -ources of labor aad IIIIH'kets ..

The estbriAted cost of tbe plact site 1.- $1. •. OOi)..

Iarlce td.n desisn,. for the type .ua cowert!ilil herein", • tvo-sc:.ory
structure1s re~a-eDded. with an ardjobdD& cme-story warehowle for
the .tlled product.. the .I1J. buUdiq, sboatd be 40 feet x 50 x 36
feet. aad the warebouse aclJoiD.lag,. 10 the fOOl ofa.ean-to. gable or
flat roofed cOMtructlon. should be apprcsiaately :l,S feet x 40 feet: x
10 feet clear.. ''lbe grouod floors sbound be cc)pcreite.. '!be struciturea
themselves can be steel fr_,. sbeet, setal" U11SOt1. brick or c:aocrete ..
Regardless of the type of build~" the principle considera.tions are
cleanliness .. efficient equipllllleot placftleot ....Iid operat:bllg aml.l !ltorale
housias tbatls rodent. lasect aad 'DObture protective to as great. '.
degree as i.os ecocQllically feasible ..

For a .111 of the above stated capacity" provisioa siaoulld lIie _de t'D
st.ore 40,.000 busbels of paddy rlce.. Tbls vouJld require four elevat'D1rS
20 feet in dia.lleter and 65 feet. bigb" or flat storage silos or bios of
concret.e steel or wood.

The reader t S attention is directed to t.be COllUlll!DU UDder t.be beadiDa
'IB:Storage .. ·'~ page 25. As previously DlIIeDtiOl'lled. the lDOSt recent est_lites
for construction costs of tbe types of storage DelllJ.tioned are frca $1),,65
to $1.25 for each bushel stored. :including bead bouse and auxiliary
equipllllJleot. for receiving" drying and el,evat.:iDg (or comrey:!mc) the grain"
For the purpose of an. estiJute" bouever. a cost of $1.00 per bushel is
used in this report. ..



ksed oa an 80 per cent. load fact.or tbc~ aODual cost of ~I' .s
est.b8&t.ed at $1,000.

The aDDul cost of vater for heatina .. sanllt.ary purpos.s. aDd fire
protectlonls estiaated at $200..

FUEL-
It is .stblated tJbat. tbe annual COilt ojf :fue l!for heac.ia!:, and "alllliltar,'
purposes vl11 aDDuDt ItO aboult $4OOl~

••••• * .• ****
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~.:.s t :t-ted
Colt

Years
LU-

ADm.1 ee.·t,

ItS""'. jc..li-l,

Scorq. elevators
aftd .qadpaeot

Macb1Deryand equl,.eAt

Otber tools aDd
equlp11eDt

35,400

10

10

--;

Depreciation

Indirect labor

Anml,... l c.t
kt:ba~ed Act,ualL

Yater

Supplies
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200

400

2,,400



Moual Coat
£Sci_cad kCllNIl

n••.. p*m

Dlrect ..ter1als
_.11

Direct labor 10.900

FIXED ASSETS

-

l.and

Bui1dinss

Storage elevat.ors and equipmeDt

Machinery and equipileDt.

Other tools and equipaent

Furniture and fixtures
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Cos~

btU-ted Actual

30,.000

35,.400

$ 128,150



Direct _ter1al 60 days

Direct labor 30 days

Kaoufacturbll overhead 30 day.

Reserve for sale. collections 30 days

TOTAL

Fixed assets

Working capital

-38-

eo.t
btiMted Actual...

$ 60,300

900

2.200

42,600

$ 106,000

Costt:
Estblated Actual

$ 128.. 750

106,,000

$ 234,,750



Annual allling capacity of 8,000,000 pouoU of pad;d,. rke equal. the
follOld.aa aDDdal product yields aad .ale. reweauebued upon the fore
golDg percentale.:

51t. of 8,000,000 lb • 40,800 cvt at $10.. 00
In. of 8,000,000 lb • 14,400 cvt at .$6..00
101 of 8,000,000 lb • 400 toa.s at $38.. 00

1t. of 8,000,000 lb•• • 40 toGa al: $43.. 00

'total aaaual ..Ie. reveDUe

$408.Of.»
86,~

15,200
1.720

$511,,320

Item-
Direct .aterial.

Direct: labor

Manufacturiaa overhead

Total manufacturing cost

Interest on loans

I.nsurauee

Legal

Auditiag

Unforeseen expense

Total adainistrative costs

Sales cOIIIRis81oaa

Travel, bad debts, dtscOUDts ad
allowances, freight-out

Profit before taxes

Total aUDual gross sales
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btt-ted
Cost

10,9O\l)

26.941

600

1,200

2,859

11,159

81.320

$.511,,320

Actual
Cost-

-
---



.A requ1s1tl,OQ f'om 4n1g:oe<l 1.0 prortde 8.lcc:u:nte .:recorda of'p;~
L~ la41cate the Jll'U'POH of'~n~ ntbtl1le le&S't 8OUD't of' 't:1lle
aDd ettort Is sbolm ODtbe f'ollov1D& pep..

"D118 .tombu .. account ~I" :tor f!'8Ch~ or the var.loue ape:nd1
tures vh.lcb t.be "llJ86e1:" vill reriJ'V In _taU., 1IDODtIll.q or orter.ter, in
order to coctrol Itl. eQeDHS.. sc..el'teJa" such as ,power alIld waterI

.&1:'8 WJU&l.l..7 uDder ccao"tract ad, are eae~T checked b.r re:terence to
moatb.l¥bllls.. fOr 8111p.11t1catlon, :1W.1 (lIlU'ked V1th 8D 8llter!.sk
below) are 0II1·ttect ..rn. the~e :reql.tlsltlam.. Var1atlons 10 the
labor costs are -..111' nnrleved b7 ex-tnattoc of' tbePllroll. vouchers..
!he sblp11:tled .t)'pe or COIDtrol t.bua proY'lded .ue8 certa1D that the
_llI8ger caD cwtrol expeDd1t1u'e8 prampt.l,y ..

Po1.lov:1Dg tberequ:181tlon rona, a 88Qle YOUCber check 18 ehovo..
Voucher checks abould be used tor the pspaent. or all. ex,peDd:1t:ures u4
the appropriate book accor.m:t m:B1:Ier placted OlD eecb y~cher..

At the end of' each 8CXlth the~ V11.1 rece1Ye a a1ta"t.e.aeD:t Q1' aU
expeDdJ.Wres brokeo dovn 'b7 budget accOJ.lDt8. U tile exptlndf.:turea ex
ceed 'the budgeted sonWI' allOV8ll1Ces of' UI7 or ·the acCOW'ItS, the
bookkeeper vUl :twnt!8h the~ V1tb a 'b.r'eek-4cuD of' aU~
t.ures relative to the~ accfQlW3l.ta ,ex.ceec1ed.. .All tbeae ~IDI
data COD be secured by :rete;renee to tbe :purchese :requ18:1:t101D8 ad the
checkvouebers.. 1'h1s rete1"tmCe Vill eDab1e the~ to dete1'lli1ne
vhat caused the over-expend1ture end takJe carrect.1ve act.1OD..

If' at 8Il\1 tiDe durIng each IIIOOth 1t. becalles appe.rent tba:t ~tm'el,
vill exceed aDy ot t.be~ accOQUll.ta:l tJ:ue bookkeeper V1ll br1D8 tb1li
to the atwntlon of the manapr tor his :lnCOl"lIII&Um 8.Dd 8C't1cm•

Account. IiUBber

10 AdIII~nlst.rat.lYe

20 sales
30 D1reet Materials
Jao SUpplies
51Pover*
52 lla'tertt
53 Fuel
60 Unforeseen Expense

(Reserve ACCount.)
11 Direct. Iabortt
12 Ir l1rect IaborIt
eo Jk.preelation

(Reserve Account.)

Monthly'
EJ;pense

$---

Hoath1;J

B!IJI.e!
$ 691

666
30,,250

200
83
11
33

238

908
1,,083

828

.Ammal
Bldp"t

$ 8,,,lOO
8,000

363,,000
2,,400
1.000

200
400

2,,8.59

10',,900
13.000

$---



o 10 ADiI!HS'TRA;TIOI.

o 20 SAUS

o 30 MATERIAlS

o 40 SUPPLnS

o 50 UTILITIES

o 60 URPORmEEH EXPP.N.c;r.

llfDIC.ATE BElOW '1"HE USE OF MATERIALS

o MAIRTBlARCE SERVICiS

o OPE!RM'DiG ,3UPPLIES

o
o MAINTENANCE MATERIAIS

,

:

I
I

I

QUOT~

FRCII

I REQJISITIONED BY
i
I'

I'
..... ---<I-- .__._~ _1f_r~,=-._---~---- ----.;.;

[, APPROVED BY

ORDER NO.
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R. W. MITCHELL MANUFACTURING COMPANY
1422 BOSWORTH STREET. S, E.

ANYWHERE. U. S. A. . ~~~_.. c .._19~~No.

6~~2

10000

'1

fS

PAY _ _~. .__ . ... ~_~~_

TO 'fI1K 011I0&,. 0" r

L ~

1'0 ~~IRST NATIONAL BANI'
ANYWHERE, u. S. A.

ACCOUNT NUMBER

~~~~"c~"DOLLARS $ ~ ..~~ .. _ _.

ft, W, MITCHELL MANUFACTURING COMPANY

.v SAMPLE CHECK
vice ,,.UIDINT

Sample voucher cbeck to be ueed for the payment of
all expenditurel in connectlon wIth Budget Control.

R. W. MITCHELL MANUFACTURING COMPANY



'The services of protessiortal, englneers II.U"e desirable' JLru t.ii:te
design of this plant, even though the proposed pl&'"1lt .'1111.

A correct deslgn.ls one vtUCD provides the greatest. ec:onat'l\Y
in the i nvestmentof !\mds a."'Ad establishes t.beb~';ll,s!.S', 0,1" opera
tion that vill be most prof'ltablein thebeglr.niDg and vill
also be ca.pable of expansion Vithout expensive alte,ratlon.

The addresses ot professional engineers WO s,PE'ciallze 1:1
industrial design, sane of '.lIhcm may 'be villir.g to 1lJ1..'1dertake
suchvDrkon 10v c,ost projects overseas" can be! secured by
reference to the published cards in varlous e:llglneerlng ~lneg.
They mw also be reached tllrougb the'lr national organizations,
one or loJ'hich is the

!~ational Society af Praf.essioMl~;ineers

2029 K Street, Jiorth'Wst:l
Yashington 6, D. c.

Manui'acturers ,of industrial equi.pmment SJ1ploy eg:ugineers f_f.l£ar
\lith the design and installation of meir sp;eelaJI.:ized P.J:.Y'w(.,ts.
These manuf'aeturers are usue.lly 'Villing to sive ~,:ro$pecil:.i"Ie
custaners the benefit of teclJlrdcal adv-lceby t.~ose engineers il1l
determining the suitabilityot :their equi]]llment in LV propo,sed
project~

The equ1!DJ,ent manufacturers also lmov, i'.lOld. can recamrJlllE'nd,
professional engin~rs in private practice, vbo are 'Villing and
ab1.e to provide ap,iJropriate consa:.lting se:::viees.
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'fRADfIIG:

~tur1Dgantnf'erior qual1:ty of produc1: d:IlIr1Dg the tra1D1Dg
period could create sales resistance tha't a1gb;t be d1ffl.cul't to
cope V1th later. To &TOld such poss1blll1;les, tile qualJ:ty ott tile
product. ahould be U1Dta1ned at. all t1mes, 1:Dcl,ud1ng the 'train1•
period.

In SaDe areas skilled operators JlI&IV be ava.11able loca111'. IP other
&rf:&S all tbe opera~ may bave 1:0 be t.:ra11J'ted.

If .~k1lled operatoors are not available, adequate 'trft:1D1 OS would be
assured by using one or mare or the tollovtns .-tb.ods:

A. It the plant is deslgaed and installed, by a caapeteDt
engineer1Dg t1rJD, tbe con1;rac't should be negotiated, 1f'
possible, on a turn-key basis. On this\ basis the eantrec
tor agrees to operate the plan1: and promce the quali'ty
and quantity ot the ,product sta:ted 1n the con'tract for an
agreed perio1 or time. SUcb a ccmt'!"8CtI would assure
adeCVl&'te personnei training, s1Dce fUll qwmtlt:y aDd qualit.y
could not be produced vitb an un'tra1Dedl or@.8D1za;tlQD..

B. The en.g1neer1Dg !'1l'1ltbat designs and installs the plant
can~ make tra1n1ns arraDgeIIlteD.' to have key persOJllDe1
placed, f'ortra.iD.1.rtg ,purposes, in a f"ore1gn 1DdJIS'try thai;
produces the s-.e "type of produc't. Tbi,s 1OU.d prmrlde
tratniDg tor the key personnel. vb1l.e the plant is beiDg
lnstalled..

C.. If' neither of the above methods 1s JlPss:ibl.e, then qualit1ed
and ex:perien,ced iDd1v1duals should be eIIIIP10yed for the key
posltiona, eitiler pemanen:tJy or tell.por~:I to perform
the key operations and assist in tra1n1ng 'the org81'd zaUan,
even if' they must. be secured outside the cOQll'try..

D. The manasex' sbouJ.d have years of succes:s:tul. experience in
'this type of' business and be fUl.l,y ~1n.ed in all phases
of'management., lnclncUng the training Olf' ~loyeeS ..
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Ti'.Lere is al.ll18.Ys danger of accident. and:lnjury in a.ny
industrial plant. Because of this, tbe~'18ger should
take specific action to brlng to the at't.en:tion.of each
emplO'lee the importance of ;safety precwilt.1ons and in
telli~ntri:rst aid.

Practically all machines have saf'ety appliances, a..~d

themanagcr should ~<ee that these are In bOOO working
condition and that ~le operators are maJrting!\lll use of
them.

In addition to constant watchru1tness to nrite sure tbat
aJ.l !>racticable safety precautions me taken, first aid
supplies should be readily available. ~rme complete
first aid kit shouJd be maintai.ned ne::ax the ma.~erfts
office, and others at appropriate ,91ace:s thr~ou:t the
plant. Same of the employees should be t.rained to pro
vide first aid service.

The use or accide:ut posters in t.1ile p~ ant nave p:n:wec to
be ot' vaJ.ue in reducing accidents. It:is recQl1Illlmended
that such posters be used, and that sClIIllnle direct specie.]L
action be taken by the lI'Jlll8J"'.ager, at .least once each Donth,
t.; bring to t.1ile attention of all persommel the :importa:a1lce
of' saf'ety precautions.

A fire brigade shoo.ld be establ.ished and eacb manlber
traine·d esto his responsibility in case of fire.. Fire
drills should be conducted periodically ..

It is recamnended that the employe1es be e:nc~ to
otter sug,gestions or recammendlatio:ls relative 'to p..-reven
tio~ of' accide!llts, rell'JIloval. of' fire haza.rds an.d main"t4" ~ 7'1ling
general in:te:-esit in all. se.f'ety f'ac'tA>rs.
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There are other important.. 9ubjects, sboun belOW', tbat should lb.
lnveltlgated and c:onsldered.lnforMtioa on these subjects 1. u-9ua.ll
avaUablefrOli such source. as banks, itovcl'ml'Ilent agencies. expor"ters
and lmporter•• wholesalers, retaile'ra. trauportat101l1 cOII!I.Ip8I1.I.•s and
manufacturers.

1. Are aU. uterlals and supplies a"allable lr·c:al1yl
2. Is the loea1 uterlal market eOlllpe'~ltivel

3. is sat,lstactory delivery 0.£ local 'Illatc>r.lals "sllJf'ed at rea:lr;o·
ab I.e pr tees '?

4. Whatilll!l4terlals and supplies ....t be buportedl
5. Are they available l.n vorld lUrkets at: cOlIlIpetitlve price,.,!
6. Wouldproapt delivery of iDporte'd 'IlIter:lals aud .uppli.1I 'be

assured so that large iDventories vould not be l'l!qutred1

ll. Is chef'e a ~ ready a delllH:ad for tbe:. J~roduct;71

A. V'ho are the pr:i.ncipal couuaerat
B. Who are poss lb Ie nev cc:mslUlllJli1!!ra1

2. How ttl
A.

c.
0.
E.

demand for clue product COllI !Iatbfiedl
By 10calproduc:tlon1 If so. what is tbe volUlllle of annual
production'!
What perc:entase of coos1lll1'llllption. is filled by local, "'I'od!uc-'
tioo'!
8y Umlportsl If so. uhat is the V'ol\llllle of 8111Dual illpO'I'"tG11'
WhaC perc.entage of couUlllPtlOlll is tIIIIlet by :l!aports]!
FrO!ll\!l what areas are hrports derived?

3. 'What is the estiaated annnal increase iD local CODSUIlIIIIpt:l.O'Im OiI'Ier
the next five years!

A. Bow veresuch estbBat.es l_de?
B. By reference to official f:l$ures on. populaltion. grO'ilJth,.

faRily budgets, iaports. etc.!
C.. By cOlllsult.atiO'll with trade or industry" '!IIIlimlistries"

assoe !.a:tion'!lO Jl bankers, cGJI!IIllIler,d.a1 'bowl.. , vhole.alers It

retailers) industrial conS\&Iers, etc.'!



J4" It prodlwct aJtread.1
Midi \fi!':!§t"llnla~~t'I!.I~ure.lloca.l r,.8J"Ct,\f£t"
rJ~ V11 U~lout pr~c\f£-CtIJltt~~ or

'WaaldJ e~t itDa~'ljj

;6 it com~~t1tlv,!£'

l~u Mt.er' ,~\d!,d~jl \w jj

~',s;tUu~U!!'(r!

tf pTOtectlo~ ~~

Jl..OO\lJl,idl UJe p "'1J)dj,)lll\C t il::(amJl,~ff1t;~ ,~ r~ (00

pra.ce, '''1i\l,Jha],.aty lli.nfd .dIepelT'J,ulbJU:t nt;;'
2: .. ,can t~xp()rt for ltbe f'lrodlllJlct t~

:3 • [iso,~. n 'lothlat a.TI~&:1ll Midi S\l"),vlbl8.t &IfJl.,"l/Il.ll&l ""(Ol,lll.~'!

:4.. ~b.at pri()Ct(!.',cl»,A !T'\e!$ ~ll 'til, JbJeil'!)ece~$tJIJ")'tiOJ ''''''''' IN"" "'1.1,"'" e:X1P(:J'e"'~
,.. 'W'Uat 'Ml:Q:I:lJl.],dI !t e;Ol$t!

1 .. In ,caJ.<ciUlJLat:lJl8 costs iOf1thepr\Q:<dmJllct. _s. M~l!'q_:te a].llo~~~(f"

ma~e if'ior tille e~ns.e 'Olt a (Q.e'[:l)iElu..·ttJ!:~Jnrt'lI adwe:r1tJ!il Midi
m(otji(\)!iltbat,mji~t Die requ! red?

If 'S!O, ~

liould they apply W the :mev prod."JlCt!
Ifso~ bow c'OQ,],d t.b\E.'Y be oyerc~ u.d ~t.

'W'OO.ld i't C·OlS't to do> set

leO COnSu.mleT pre,jlJl;tiiices age.!Lmls1t .lO,ealJLy ~"llml.f8lC''WJre~

exist!
A..

3· no ~jtetiltllg and:dlistTibu:tiol!ll. :facilJi1ties f'OT ithe p~et! ex!srt?
A... If' not. J ~ they be set. up!
E. What vou.1d it oost to do so!

'Wi1-l t.b.e product. be sold to:
A. ~olesa.lers?

E.,Retailers!
C. D:,r'ect. ito CiOWii1l.Ber'!

D. other industries?
.B.. Gove~nt.!
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ID)JCIfIC :PAC!ORS:

1.. 1IoV.eh 1'oreip ..... (aDd 111 vbat CUl'J'eJIC;J') 18 reqa1re4 to
iIIport _CblDel7, eqW.J!WnIt ad suppll_:

A.. iIov --. :tore:lp emb.... (aDd 1D"'1: aurreDC7) 1.
requ1red :tor annual 1Dte:N1I't~ ad .oruZ8tlOD
ot alIT lOllDll 00Irltracte4 to ~t MOb1....,. tm4 equip
JllelJt, or :f'or :PI'IMDt of rQJ81Ues 8DCl teelmfeal eerr.lceet

B. Bov auch :tore1p ........ (ad 1D 1Iba't CQ1"lerlOJ') i.
~. tor ..n"al iIIport of raw~ ... suppll.at

C. 1IIa't ere elJttMte4 ....a1 rore1p ..,..... eera1Dp ad
in 1d1at curreneiea'

D. .Bu caretul COUiderat.1CXl been Pft.ll to the pou:lblliV
ot depzec1at1oa ill the :tarefaD ........ ftlae of the
local~

E. Bas cereM. coulderat.1ca been 81"- to the JIOSalbUiv
of iIIport coa:trola, or reatrictiau CD awat..lab1l1:t1ea of
foreign ex:abanp Deee88aI7 to a.pezate the bu:l.Deut

P. ilaat beDeftta 1ICU1d the .., bwJiDeU 'br:lDs to the f!CaaAIIlJI
in the use of local raw _t.e.r.tla1a~ 1D~t aDI in
tedmolog1

G. Do depeDdable facUit.1es a:lst fbr tnDspartat.1ca.. JO'I8r..
fUel., _tar ad~
(1) U DOt, CD a:lst.1.Da c1e:tJ~c1ac1es be el11dJ1&'te4

aa't1s~

(2) 1brt 11OU.ld be the cost to clo So!

1. Is there _ adequate labor supp.q .... 'the pJl.aDt 1acat.1oa!
A. It not. hov caD the probl.a bel solYed!

2. Qm the~ of 'traID1na eaapetent,~ aDd super-
Y1sor:r peraormel be soJ.Ted'f

A. Also. the 'trairdng ot u:nled labarf
B. Is tecIm1cal ad:w:lce available in tbe 1cealitJ'!
c. It' not,_ere C8lll it be obta1Ded 8!lld ":t V1.ll it; east!

1. Do exist1. labor law, @.Oft.l'lIJiiiIER regala:tiams.. l.avs ad. ·taxes
tuor estahl181aent. or new bua1Desaf

A. 11' DOt, can ex18t.1Dg Obst8eles be rsDIedf
B.. 11' so, how and 1Ib.eD.t
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1.. 'hd.m.!C&l 8ICbr1ce CD selec1<tGll or \IIIII.d.tJ,-r:r udequ;JLlDIDt ..
A.. IDHlec't1.1'16 Ule 1UCb:1aer;r IIDIS equ1~t 'for the

DIY plat, baft re;pmtU1e ad, Ctaspetblml-,;~
u4 tecbAlclas 'beeG ~ted1'

8.. Ian Uuq 'beec _ked tor 84Ylce OlD t:he IIClllIt _Utabll1
tiJrpes ot ...1De17 a:ad eqa:J:SEant. tor tile proc.•s. ~
loc:a11~

C.. BaYe~' care~~ CC28'&8 or YU'10W1 lIUPPl:Aers'
D.. CN41,t·tenas of'tered pu:"Cbue'n,f

FDWICIAL~ OF 'mE .~:

1.. III eatt.atiDS the cost of' 'UDeproJect.... careNl oaM:lLCkn,,...
t.loc been SlWD 'to:

A.. '!'be e:ttect. oc~ of' del.,.lc C01ll.S~_~ell!

B.. ID dellftl7' aDdl,u·tal1a't!<cm of .-chlM'17 aa4 equ1JD!.D.ltt
C..IallDport of' esHD1tlal nv llawr:!41s ud.~Nt

2.. In caJ.cu1a:tUlS cub.tlov amd. 1IOI1d. C1PltaJl NqIld~J' :b.iu
carefUl CODIIlderatlon 'lbee:ll pYmto:

A. Ma1D:teJ~ edequate ~etil of :ratI .:steride?
8.. SQpplles aD4 spIIol"e pu1t8t
C.. SN.&ooaJ nwn:ua:tlou .1l'l 1t.be 1buIls1Dnla1
J),,'tbe tiDe~tc llft.u1da'te ~::redn:1t saJI..e8 to

cust.c:.aer8 8D4 bB4 debts!
B.. !he period~ to set 'titLe pJl..amt.l1WtO
~ODt

F. Cub~ to ~nize Ita prJ,.Dci:ple llC8lJl8?

3..I:t the.~ 18 in a periOl! ot' :1D:tl!&U., bu tUllall~e

beeIl :Dade :tor' the.~ ot' ri8:Ur8 lrica; ...~. tOQ the
coat. or 1.obe proJect. UI4 am vorid.. cap.l:t&l~

1. !lea it. been poasibl.e 'to Ii8.te ~:t.sVlth l.ocal ...miks to!
finance &4,\Tt-"tbae vor~ ea;.....'taJ.~o~ the_i._lit

Jl'DUJICDL PI..U":1!lII.... ,..

1.. lias & de:f"1nl'te p.bm 1;0 t'inace the proJeac-t b!ea.~, OU'tf
A.. Is suftieient. cep1.1a!. ua:i:l&ble l.cceJl,J1'
B. I:t not~ ....t. 1s 'the pJ.an to obta.1n tbe~~

capl1al'



Taxtlbooks ..

#-Tbe PrO<kl!cticc aDd HarbtlDa of alc.t- 1932
S~ Pr•••
lev Or1... it :Leuis1a&

A.. T .. Venel1 aDll Co ..
oSqfaav• Klcblpa

lfomer aDd ""att
KaMas etc,.. KlssOllI'l

J'oaes-Rettel.ater eoa.stJ:'ll.lCtlOD Co..
Kans.. City. lUs.ourl

Hea:ry Slaoa. Ltd..
Stockport. EaRlaod

Saico
OklahOllla City. OklahOla

Sprout-Ualuoa and Co... me..
Muncy,. Peaa.sy1vaaia

'tb0lliU Conveyor Co... IDe ~

Bur ie.OIl. Texas

Wallace and Tiel"D&O, I.ac ..
Be1levi1Ie" New .Jq:rsey

Wolf Hanage-eot Engiaeer:iDg Co..
Chicago. Illinois

Voodl~ JUII Supply Co..
Woodland. C.l:iforais

I.. V.. Guap Co..
Chf.caao. Ill:iaois

s...""s Co..
Sil'ver Cl'eek" Rev Jersey

HuDele,. Haufacturin8 Co..
8rocton,. Neg Jersey

8-1-1" lDdustriea,. lac..
Providea.c:e" Rhode Island

Ros.• Haclldoe aad JUll Sup,pl"lI< IDc.
Ckl.a:bCllllla City, Oklalbc:MB

SfapsonCo..
CiDchmati,l Ohio

Superior Separator Co..
Bopkiu 1I Jtiaaeacma

EDselberg Buller Co.. " lac: ..
Syracuse,. Rev York

Barnard and Leas Manufacturtos Co." !De..
Cedar Rapids. Ioua

LIS.
1.
SQ. D.
SQ.. YD.
CD YD..
DIP.. GAtS ..
HO..

- pOUDds
- per cent
- square inch or iachea
- square yard or yards
- cubic yard or yards
- hlperial plloaa
- D.UIlIber

-so-

OJ. YD.
Fr..
SQ. Fr..
CU.. D.
D.S. GUS.
BU
an

- cubic yard j!'lr ,...ds
- foot or fH°1t;
- _quare foot or. feet
- cubic :I..ad:I j!X' :bachellt
- "lte&!. SUc.u pll..
- bus:hel
- 100 pauad_
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.Figu,re 10.. Typical PaddJiy Rice Cleaner

Figure 11 - Typical Disc Separator
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Figure 12 - Unde r kunner Sheller
'Typical Paddy Huller or Husker

f"igure 13 - Typical Paddy

Sepa.rator
Figure 14 - Typical Browcn

Rice Huller



Figure ,._- Typical Rice Polisher

Machine

Figure Ib - Combined Bran

Huller and Rice Polisher




