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FOREWORD

This brochure is one of a series of revorts resulting from
overseas technical inquiries on lactory or commercial estabe
lishments, operalion, manarement, and enginesring. The
report is designed to provide only a reneral picture of the
factors that must be considered in establishing and operating
a factory of this type. In most cases, plans for actual
installations will require ewperti enginesrin: amd {imancial
advice in order to meet specific local conditions.

Yention of the name of any {irm, producti, or process in
this report is not 1o be considered a recommandation or an
endorsement ty the International Cooperation Administration,
but merely a citation that is typical in iLs [ield.

The origimnal report was prepired by the woll Management
Engineering Company, Chicago, Llinois.

Technical information, as well as review, was provided by
R. Poliakoff, Industirial Consultamni, 125 Zlevenih Avenue,
New York 11, New York.
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Tnis report has been revised and rewritten by
George H. Andrews Pngineering Associates, Inc.
21 Southern Building, Weshington 5, De Ceo
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For further information and assistance, contact should be
made with the local Productivity Center, Imcustrial Institute,
Servicio, or United States Operations Mission.

Code Number September 1961
PR=T70
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MILLED RICE

INTRODUCT ION

The purpose of this report is to provide basic information for
establishing a plant in a foreign country to process rice.

GENERAL ASSUMPTIONS

In orcer to make realistic escimates in this report, certain
assumprions are made. These are:

1‘

2.

The costs of the buflding arnd general facilities are
based on United States prices.

Material costs are based on sizes and specifications
of materials used in the Unized States.

Labor costs are pased on the average for the industry
Labor Statistics.

Adequate power and water are available at the plant
site.

Adequate transportation facilities are available at
the plant site.

The plant operates eight hours a day, five days a week,
and fifty weeks per year.

No special provision is made for the traimning of new
personnel. It is assumed that learnmer's rares are
paid in such cases.



8. The following items cannot be estimated realiscically:

A. land value.

B. Distribution and selling costs.
C. In-freight and cut-frefight.

D. Administrative costs.

E. Taxes.

WUhile general esctimates will be made of each of these
items, for the purpose of completing cost estimmtes,
ad justmenr should be made in accordance with actual

local costs.

In fact, ail cost ertimates contaimed in chis report
should be adjusted to conform to local conditions.

9. Columns are provided in the tables includ»d in this report
to facilitate the coaversion of cost ﬂigurmw to conform

with local costs.

WORLD PRODUCTION OF RICE

Statastics of world rice production for 13955-1956 reveal the following

variables in productive yield per acre:

dcres

Area High Low Average Cultivated
North America 1239 1bs. 2,963,000
United States 2932 1lbs. 1,822,000
Honduras 900 1bs. 30,000
Europe 3848 1bs. 1,036,000
Spain 5428 1bs. 420,000
Yugoslavia 2750 1bs. 20,000
Asia 1585 .bs.182,173,000
Japan 4273 1ibs. 16,000,000
Laoz (Indo-China) 733 1bs. 1,800,000
India 78,000,000
Syria 10,000
Souch America 1853 lbs. 7,506,000
Uruguary 3500 1bs. 40,000
Venezuela 1100 ibs. 150,000

Total Productiom
by Area
{Short Tons}

3,543,000 tons

1,940,000 rtons

195,724,000 tons

5,453,000 tom-



Taral Produccion

Acres by Area
Area High Low Average Cultivat:d {Short Tons)

Africa 822 1bs. 8,109,000 4,408,400 tons
Egypt 3291 1bs. 715,000

Belgian Congo -

French Morocco -

Madagascar -
Oceania 2237 lts. 114,000 134,000 tons
Australia 4474 lbs. 42,000

Piji -
Total =~ World 1930 1be.201,901,000 221,208,500 toms

Botanically, there are at lezst 7,000 variexies of rice and possibiy
several thousand more. Coumercially, there are bul two types, white
and red. Classification-wise there are three general groups, commonly
referrcd to as short-grain, medium-grain and long-grain. Usualily the
short-grains are soft and chal%y and th> long-grains, hard and trams~
lucent. The long-grain type carries premium prices.

Wheat generally is considered the food of the world, for in rhe totral
acreage of the land masses devotred to its cultivation and growth, iv
surpasses all other grains. Rice, however, is the most important food
in the world, for the volume of food produced by the world rice crop

is 10% to 20% greater than that of wheat. This paradox is due to the
wider adaptation of the rice plant to varying climatic and soil con-
ditions, and the resulting high yield per acre, which is usually two

to three times that of wheat. Rice supplies the major food requirements
for more than one-half of the world’s popularion, and this single food
item comprises 70% to 80Z of the entire calorie intake in many countries.

Rice is produced under a wider varfety of conditions and by more varied
methods than any other major crop. Although it is comsidered by many to
be a tropical, hot weather crop only, it iz growm irn No.thern Japan and
Korea, at the footkiils of the Alps, in Northerm Iraly, and lower reaches
of the Andes, under climatic comdicions roo severe for the piduction

of corn and similar temperate-climate crops. E 2 thougr ir is thought
to be primarily a sea-level, marsh-land crop, it is plaxt.d at altitudes
of 4,000 feet in eru, 6,000 feet im the Philippines, and 1G,000 feet in
the Himalay~s. Further, in spite of the fact that it is considered to
be an irrigated crop only, produced under completely floocded conditions,
more than half of the world's annual production is without artificial or
controlled irrigatiom of any kimd. Much of it is cultivated om rollimg
to hilly lands which would be comsidered unsuitable for tilled crops.



Approximace.y 95% of the world rice production is in Asia. South
America is second in importance, with Africa third, North Aserice
fourth, and Europe, Russia and Australia following.

The average rice farm in China and Japan {s less than threc acres,

wvhereas in the United States a 300-a:re farm is considered small and
1,000-acre farms arve quite normal. Within this wide range, there
obviously are economic factors affecting labor needs, areas from which &
mill can draw upon for its supply, transpcrtation problems and innumerable
other factors to consider from a mill viewpoint when processing rice imto
finished prain.

There is alsc within such wide range, varicd methods of land preparation,
seedicg, transplanting, irrigation, weeding, cu’tivatinog, harvesting,
marketi 2 and final processing. For example, tne rice farmer of the
United States plows 25 to 30 acres of lamd in 10 hours with mechanized
methods, and frequently operates such equipment 24 hours during emergenmcy
~equirements. ©On the Argentine pampas, a 5-horse hitch with steel
mouldboard takes three times as long to plow the same acreage. In the
Orient, five workers, using hand tools, average about ome acre per day

or one-fifth acre per man-day.

When seeding fields in the United States, the larger rice producer
stands in the field with a tall pole to which is attached a brightliy~
colored flag and his co-worker flies over at low level im an airplane,
using the flag at different intervals as 3 marker, and seeds 200 to

400 acres per day. In the upper reaches of the Amazom, the native walks
across a freshly burned area, punches a bole in the ashes at irregular
intervals and drops three to five rice seeds in each hole before stepping
or the hole with his foot. Then he walks off and forgets the crop umtil
time to harvest. In tne Orienrt, the farmer carefully prepares a seed
bed of ashes, manure and mud, spreads the seed over this surface in a
thick layer, covers the nursery bed with a light layer of fimely-pulwer~
ized top soil, and approximately 40 days later, pulls up the plants,
transplants them in clumps of three to five plants, eight inches apart
in a previously prepared flooded field.

Less than a year later, rice from the United States, Brazil and the
Orient are all together im a retail store im Brussels or Stockholm,
competing in a world market.

In other areas of the world, methods vary still further, and in
fertilizing, irrigation and final harvesting, there are innumerably
wide variations of operations.

Consequently, the economics of establishing milling operatioms to
convert rice harvests into commercially salable graim present cost
factors and problems that vary with location, source and availabilicy
of raw materials, climatic conditions, type and class of labor, methods



of cultivation and production, transportation faciliicies, markeriag

of the ond product and finally, the uses to wilickh the milled grain i
to be pur. The prospective investor in such an enterprise ls cactioned
to secure the services and advice of & reputadle firm of consulting
management engineers, who would prepare a complere administrative.
operative and financial aonalysis coemensurate with local conditions
involved, belore embarking on as complex an enierprise s a vice mill.

TERMINOLOGY

As mentioned previously, there are thousands of variations and kinds

of rice. This situation has led to much confusion amomg rice producers
and merchants throughou” the world when applying terminology to various
kinds of rice. In March, 1949, the International Rice Commission neld
its first session in Bangxok, Thaiiand, and formulated a set of common
terms to describe rice in the husk and at different stages of the
willing process, and treatment prior to marketimg and consumption. In
this report, it will be frequently essential to uye such nomenclature, and
to preclude any confusion in the mind of the rveader as to what it meant
by certain terms with referemce to rice, the following "common rerms,”
‘“definitions,"” and "asccepted and recompended tecms’ are ser forch. This
report will adhere to the "accepted and recommendsd ferms.

Accepted and

Recommended
Commno~ Terms Definicions Terms
Stalk paddy Unthreshed rice im che husk, Stalk paddy

harvested wirh part of the stalk.

Paddy; unhusked Rice in the husk afrer rhreshimg. Paddy
rice; rough rice
Husked rice; Rice from wnich the husk nas been Husked rice
shelled rice; hulled been removed; it still retains
rice; browm rice; the bran layesrs and wost of
silver skin rice; the germ.
cargo rice; whole
rice
Home pounded rice; Rice from which the husk, germ Home pounded
hand pounded rice and bram layers have been rice

partialiy removed wichout use
of power machinery.



Lommon Terms

Undermiiled tice;
lightly milled
rice

Milled rice;
machine milled
vice; highly
milled rice.
white rice;
clean rice

Polished rice;
coated rvice

Parboiled rice;
converted rice;
ma lekised vice

Whole grain rice;
whole rice

Brok.a rice

Rrewers rvice

Pefiritions

Hice from which the husk, germ
and brean .avers have been part-

fally removed by power machinery.

Rice from which the husk, germ
and bran layers have been sub-
stantislly removed by power
machinery.

Rice milled to & high degree
and then coarted w'th a forefgs
substance such as glucose or
talcum, called polished rice
in durope, whereas in the
United Scates the term refers
to rice that has been milled
o 8 high degree and which

has gone through the brush.

In other countries the same
teve is used for highly milled
rice treated witn polishing
pyaders. The term "polisned”
therefore causes some com-
fusion.

Rice obtaimed by pov.cing or
milling from paddy which has
been steeped irn warer, steamed
or heated, and subsequemcly
dried.

Rice which does mot comtaim
broken grains, smaller cham
three-quarters of the whole
graim.

Rice consisting of broken
grains, smaller than three-
quarters of che whole graim.

Very small brokem rice, gen~-
erally used for industcrial
and feeding purposes.

Accepted smd
See omame e

Uadernil led
rice

Mitled rice

Costed rize

Parbolled
rhee

Whole graim
rice

Broken rice

Brewers rice



Ageepted and
R o muflaned
Comunon Terms Definicions Yerns

Rice polishing A by-product from the milling Rice polisting
of rice consisting of the
inner bran layers of tue
kerne! with part of the germ
and a soall percentage of the
starchy ingerior.

Husks; hulls; A by-product consisting of the Bran

outer bran layers of the kernel
with part of the germ.

WEIGHTS AND MEASURES

Another factor leading to much confusion ti..ughout the world is the
standard of weights and measures particularly applic:ble to rice. In-
asouch as this report may be read by inrerestcd peoples of diiferemt
countries, the subject requives some clarificacior as to the units of
measurement and weigh: used.

At this writing, there 1s no interpational uniformity fn -eighes and
measures, and in many highly civilized areas of the worid, the wse of
pounds, tons, acres, and bushels means nothime o the rveader. This

is particularly true of rice, for, umliike any ~rher graims in the world,
units of weight and measurement for rice are as varisvle as currencies.

A general table of equivalents follows, to give the reader some of the
ready conversion factors. It ~ust be borme in mind, howewver, that there
are approximately 27% distinc 2riations, internatiomal’y, in weights

and measures which are impract al o include hereim. For example,

there are deviatioms which, to the local populace of an ares, are emtirely
common to that area, but to the stranger mean nothing. The Quemtal, which
in the United States equals 100 pounds, in Argenmtima {adacted from che
Spanish) equals 101.28 pounds (Imperial), amd in Brazili (adapted frowm

the Portuguese) equals 129.54& pounds (imperial) In Spanish Moroccs, a
Spanish ton equals 2271.64 pounds (Imperial), whereas im most of Latin
America, the metric tom (2204.522 pounds) is used. In che Umited

States, a joot equals 12 inches, whereas im parts of Africa, deviating
entirely from metric or anything else, a French foot =quals 12.7 imches
(Izperial), and a South Africa Cape foot e=quals 12.375 iunches. (Loperzi.l)

In weights and measvrements of rice, harvesred rice is knowm as paddy,
rough raw or unhusked. After the rice graims bhave beem removed ir is



cailed cargo or brown zice. When put through & iliing process, cthe
result is called white rice. Therefore, when referring to 100 pounds
of rice, the statesent alvays must be qualified.

The following weights and measurements are those used generally in
internationel trade.

100 cons brows zice b 8% rounw wmilied rice
100 tons paddy rice in:

Brizish Borneo - 62 tons milled rice
Burmas - 67.9 tons mil.cd rice
Leylon - 68 tons milled rice
Farmosa = 0 tons milled rice
India - 68 tons milled rice
Indo China - 64 tons milled rice
Indonesia - 68 tons milled rice
Yorea - 73 tons milled rice
Japan = 73.7 tons willed rice
Malaya - 63 tons milled rice
Pakistan - 68 tons milled rice
Philippines - 64 tras milled rice
Thailand - 65 tons milled rice
United States - 66 toms milled rice
All others (aversge) = 65 tons milled rice

Measures of paddy rice -~

! bushel (United States ~ Bricish) = 45 pounds
1 bushel - Australiian = 42 pounds
1 bushel -~ Ceylcm = 50 pounds
i cask - Unired States = 672 pounds
1 bag or pocket -~ United Stares = 100 pounds
1 bar~el - United States = 162 pounds
1 bag ~ East ludiam = 168 pounds
Linear

United States - Bricish Metric Unirted States ~ Bricish

1 inch = 2.54 centimeters 1 centimeter = 0.393701 inches

1 foot = 0.3048 meters ]l meter = 3.28084 feer

1 vard = 0.9144 meters l meter = 1.09361 yards

1 mile = 1.609344 kilometers 1 kilometer = 0.62137 miles



Square Measure

8q. in. = 5.4516 sq. centimters 1 8q. centimeter

]

0. 15500 sq. in.

1 9. fr. = 0.0929073 »q. meters i sq. meter « 10,7639 sq. fr.
l sg. wvd. = 0.83613 sq. meters 1 sq. meter = 1.19599 sq. yd.
1 acre = 0.4047-86 hectares 1 hectare = 2.47105 acres
Cubic Measure
1 cu., in. = 16.3871 cu. centimeters | cu. centimeter = 0.061024 cu. in.
1 cu. fr. = 0.028317 cu. meters I cu. meter = 35.314667 cu. ft.
1 cu. yd. = 0.76455 cu. meters ! cu. meter = 1.30795 cu. yd.
Capaciry Measure
1 gat.(Imp.) =4,26596 liters (Imp.) ! liter (Imp.) ~0.219975 gals. (Imp)
1 gal.(U.S.) =3.78533 liters 1 licer =0.264178 (US)gals.
1 gal.(Ymp.) =1.20095 (U.S.) gals. 1 (U.S.) gals. =0.83267 ‘"Implgals.
1 bu.(Imp.) =0.363677 hectoliters 1 hecroliter =2 74969 (Imp.)bus.
1 (U.5.) bu. =0.352383 hectoliters | hectoliter =2.837819(U.S. }bus.
1 {(Imp) bu. =1.03206 (U.5.) bu. 1 (U.S.) bu. =0.968%4% (Imp.)bus.
Ve ts
1 pound = 0.453592 kilograms 1 kilogram = 2.204622 pounds
1 long ton = 2240 pounds 1 pormd = 0.0004464 rons
1 short ton = 2000 pounds 1 metric tom = 2204.622 pounds

frequently, varas are used in acreage measurements, particularly in
Latin America, but even this old Spanish measurement is variable from
32.5 inches in Guatemala to 34.09 inchez im Argentima, and in Portugal
it is 43.31 inches {Imperial equivalents}. The confusion is further
compounded when United States standards come imto the picrure. The
intermacrional comprehension of weights and measures in world trade
vacillates from complete chaos to regimented forms of comfusiom,
particularly ir a world commodity such as rice.

In tiis report, United States standards are used as they apply to rice,
and the reader should carefully amalyze any compilation of figures before
any conclusiens.



CLASSIFICATIONS AND GRADING

There are no international standards of grades and qualities of rice.

In the absence of such standards, international rice business has to

be conducted on the basis of samples requiring personal inspection

before transactions are made, which, in turn, means that what one

country might consider as Crade 1, would, in another country be considered
Grade 111, for in many countries, the mixing of high quality rice with
inferior types is common practice.

In the United States and some other countries, legislative measures

nave been taken to prescribe well-defined standards of grade and quality,
and the mills separate and grade taeir rice production into controlled
grades as to quality, size, type and variety. The factors usually taken
into consideration in judging the quality and grades of rice are:

(1) shape; (2) slenderness o~ ratio of lemgth to breadth; (3) color,
degree of milling, polishing and rooting, if any; (4) perceantage of
broken grain; (5) damaged grains, discolored grains; (6) grains
damaged by weevils or other insects; (7) presence of grains of other
rice varieties; (8) foreign matter content such as weed seed, soil
particles; (9) weight per unit of volume; and (10) age and aroma.

Rice, unlike any oth:r grain in the world, is a highly complex commodity,
and is the only graiu which has a completely distinctive set of classi~
fications and grades which are too involved and lemgthy to fully set
forth herein. However, tc acouaint the reader with a relatrively con-
densed format of the classificarion and grading formelae, the following
is outlined.

The United States Department of Agriculrure established standards which

divide rough rice {paddy) into classes, and the subsequent rough, brown,
milled, second head milled, screenings, brewers, uvapolished, parboiled,

and coated, into grades.

Rough rice consists of 50 per cent or more of kermels from which the
hulls have no*t been removed.

Classifications
Class 1 Rexoro (incl. Rexark) Class VII Magnolia
Class 11 Patna Class VIII Zenith
Ciass 111 Blue Bonnet Class IX Calrose
Class IV Nira Class X Early prolific
Class V Fortuna Class X1 Pearl
Class VI Blue Rose (and vari- Class XII Mixed

ations of)



Grades

The foregoing classes are furcther segregated under the fol lowing
standards of grades:

Figure 1 - Grades and grade requirements for al! classes of rough

rice.
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Brown rice consists of more than 50 per cent of kermels from which
the hulls only have been removed, and these im turm are segregated
under the following standards of grades.

~11-



Figure 2 - Grades and grade requirements for all classes of brown rice.
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Milled rice, in addition to the 12 classes enunerated previously, has
three additional classes; namely, Second head, Screenings and Brewers,

and milled rice is further defined as whole or broken kernels from

which (1) the hulls and practically all of the germs and bran layers

have been removed, (other than "snecial grade unpolishcd milled rice")

or, (2) in the case of milled rice of the “"special grade unpolished milied
rice"” the hulls, a part of the germs and the outer bram layers, but not
the inmer bran layers have been removed, and which contains not more than
10 per cent of sceds or foreign materials, either singly or combined.

Figure 3 - Grades and grade requirements for all classes of milled rice,

except Second Head milled rice, Screen1ng§ milled rice, and
Brewers milled rice.
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* Color and general sppesmanor, minomsm requirements. U, § Neo nm amymmwwﬁm
milled. 1 8. No. 2uyhﬂ¢hﬂymy.mmheweﬂmm l' S Neo. my..nmd!shwhe
rensonatly well milled. U 5. Neo 4 may b pray or sliglstly sy, amd numky V.8 Ne ¥

may be dark gray o rosy, and sivall be rensonabiy well mifled. € \o smybeMmyww m&mm
reasenably well milled.

3 The milied rice is prade U 5. No. numml’mimm:dmmrmmm oot mare (e X0 perovst,, im grade
. 8. No. 2 not more than 40 peroent, in grade 7. S No. 3 mot more then 85 peroent, aod in grade U 5. Nao. € mot
mare £0 percent of chalky kernels

-mmauw{ the cliats Mived milled rice.

* Tow mBed rice in grade U. 8. No. § Day contai» not more thes £.0 peroent of daxzeaped kermels.
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Figu-e 4 - Grades and grade requirements for the class Second
milled rice.
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Figure 6 - Grades and grade requiremente for the class Brewers
milled rice.
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In addition to the foregoing, there are further classifications and
grading in unpolished, parboiled and coated milled rizs. Those are
special grades of milled rice, and are, likewise, controlled by
specific grade requirements. The United States Govermment has
established rice-inspection stations in all rice producing and milling
areas and under legislative requirements enforces strict adherence to
classification and grading standards. To describe full definitioms 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 irtroduce the many specialized
ramifications in the use of the grain by-product nor the husks, hulls

and rice straw, the latter of which comprises major industries in some
countries.
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The organic composition by per cent of the grain, is as follows:*

Pelished Rice
1t Field Products Rice Milled Products Hulls
Rough Rice Rice Rice
Rice Straw Eran Polish
Water 9.6 7.5 12.3 9.5 16.0 9.3
Ash 4.9 14.5 -5 11.3 4.8 6.9
Crude protein 7.6 3.9 7.4 10.9 i1.9 3.3
Carbohydrates:
Fiber 9.3 33.5 b 15.8 £.9 35.4
Nitrogen~-free 66.7 39.2 79.0 42.7 62.3 36.0
extract
Fat 1.9 1.4 -4 9.8 9.1 i.1
Total 100.00 100.00 100.00 100.00 109.00 100.00
* W. A. Henry and F. B. Morrison: "Feeds and Feeding”
The nutritive value of rice is as follows:
Per 100 grams -- Edible Portiom
Brown Polished
Rice Rice
Food energy, calories 360.0 362.0
Protein, grams 7.5 7.2
Fats, grams 1.7 .3
Carbohydrates, grams 77.7 79.4
Fiber, grams .6 .2
Ash, grams 1.1 iy
Calcium, milligrams 39.0 24.0
Phosphorous, milligrams 303.0 136.G
Iron, milligrams 2.0 .8
Yitamin A neg.igible negligible
Thiamine, miliigrams .32 .07
Riboflavin, milligrams .05 .03
Niacin, milligrams 4.6 1.6

The bran layers surrounding the rice kermel are the best natural source

of Vitamin Bl, and were discovered in the aleurone iayers of rice.

Rice

is the most easily digested of all human foods. The human body digests
it within one hour, whereas most other foods require two to four hours.

The digestive co-efficient cf rice is 98, and allergy to rice is
extremely rare.
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The term “wild rice” {s greatly misun .rstood for it i{s a reed-like
water plant, or aquatic grasg and not rice. It is native to North
America and, while it slightly resembles reai rice, is unkaown in
other parts of the world. Its origin likewise is uaknown. It was and
still is used as a food, first by American Indians, sad now it is con-
sidered a delicacy by the American housewife. It is not harvested or
milled as is regular rice and is not to be confused with the subject
matter of this report. Wild rice retails for about $2.25 per pound,
whereas real rice is about §0.15 per pound.

It is not the intention of this report to dwell upon the dietary
aspects of rice, but there are certain misconceptions relative to
its animal and human food use worthy of mentioning, so that the
reader may have a better understanding of the reasons for some of
the milling processes.

The rice hull ox the outer covering of the grain, is tasteless, tough
and woody, and contains a large volume of silica and sand. It has
sharp, roughened, flinty edges and needle-like points (35 per ceut
fiber) which, because they do not soften im the digestive tract, are
dangerous to the stomach and intestines, hence p~ldy rice is little
used as food by livestock and never by humans. Jice straw, on the
other hand, is used.

Polished rice dry matter is 90 per cent nitrogen-free extract, almost
exclusively starch. It contains a total of 78 per cent digestible
nutrients. The protein averages about seven per cent and is the major
cause of nutritional deficiencies of populations using polished rice

as their major food. In most of the Asiatic areas, however, where

rice constitutes daily food, they do not follow the practice of miiling
highly-polished rice. They consume brown rice (husked, bur not
polished) or "undermil'’ed” rice cortaining most of the bram layer

with a higher protein coutent.

The first by-product in the milling process is rice bran. This product
is an important livestock feed in all areas. Digestible nutrients are
62 per cent with 11 per cent proteim and 10 per cemt fat. Thne final
by-product of the polishing process im which the inmer layers of the
endosperm cover are removed is termed rice polish. It has a total of
82 per cent digestible nutrients including 12 per cent proteisn, nine
per cent fat, 62 per cernt nitrogen-free extract aad omly two per cent
fiber. In the Western Hemisphere and surplus rice areas of Asia, the
ma jor use of this precduct is hogfeed. Unlike the heavy comsuming rice
areas of the world, the United States and Europe are the only areas
where they mill off most of the bram layer to meet consumer demand

for highly polished rice. In fact, the natural polished rice is sub-
sequently coated with a glucose and talcum to obtain even a higher
golish.



Rice products, after the milling process, fall into five basic
categories:

i. Whole kernels
2. Broken kernels
3. Bran

4. Polish

5. Hulls

The by-products of rice are not too numerous, and a few may be con-
sidered in the following categories:

A. Human Foods

1. Grain and rice flour
2. Wines -~ beverages
3. Margarines

B. Animal Foods

1. Rice bran
2. Rice polish

C. Industrial
1. Hulls (fuel) (adobe-type bricks) (insulatcion)
2. Bran (oils)
3. Soaps
4. Powders

D. Pharmaceuticals

1. Grain and bran =~ vitamin preparations
2. Powders

VARIOUS MILLING PROCESSES

Rice growers generally sell their harvested crop direct to mills.

The methods of harvesting are as varied as those of production, ramg-
ing from the most primitive of hand operatioms in cutting, shocking
and threshing to highly mechanized methods. The end result, however,
is the same; namely, the acquisition 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 grain, because
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miliing is concerned essentially with separacing the whole graim,
or paddy rice, into its three basic categories; namely, (1) husked,
{2) beows or bran rice, and (3) milled rice.

As previously mentioned, the paddy grain has an outer hull or husk,

is hard and covered with needle~like hairs, high in silica comtemt and
consists of two ridged inner glumes and two outer glumes. It has lictle
or no value other than that of fuel, the ash of which is sometimes used im
con junction with powdered fats to produce an admixture for cleansing

soaps and lye.

Inside the husk is found the rice kernel covered with bran layers. It
usually is light brown in color, hence the term brown rice or husked
rice. At one end of the kernel, and lying within the bran layers, is
the germ, or embryo, which nearly always is removed with the brac in
willing. Rice branm, including the germ, is high in nurritive value and
valuable for livestock feeding. MNext to the bran, there lies a layer
of appreciably different material, known as the aleurome layer, which
is rich in nutrients.

The starchy core of the kermel, after substantial and variable removal
of the layers described above (dependent upon the millimg process), is
the white or creamy grain used as food. This is ctermed milled rice.

There are many variations in the milling process and in the machinery
and supplementary equipment used. In many countries, large amounts of
rice are produced for domestic copnsumprion by home-pounded, or
primitive, devices. In the more developed areas, however, the rice
produced is processed in both small znd large-scale cooperatives and
commercial mills which have installed machines and other equipment to
carry out the necessary operations in obtaining the finished product,
white rice.

In most parts of the world, the design of rice mills has mot advanced

for many years, and a large proportion of mills in exiscence are obso-
lete, worn out or require either extensiwve repair, rerovarion, modi~-
fication or modernization. On the other hamd, the adapration of moderm
mechanized methods is relative to the economics of the location imvolwed,
productivity of the raw material, marketr availabilitry and innumerable
economic ramifications about which the reader has already been cavtioned.

In this report, consideration is given to a2 modern mill of modest
capacity which most likely will be applicable to the average economic
location other tham in the Unired States. While the principles and
concepts of modern milling operatioms ars adhered to, the economics
are based on the smaller capacity mill which will normally suit the
average requirement.

Further, unlike any other graim, the processing of rice, especially
milling, is linked with local habits, traditioms, nutrition requirememts,



customs, demands and other problems, many of which are not easy to
alrer. For example, the modernized parboiling process is unknown in
many areas of the world, ¢nd the end product would not be acceptable
if it were used.

In world trade, however, although far from being standardized, the
parboiling process is gainiog some acceptance such as in India and
Brivish Guiana. The vitamins and other nutrients im the bra- layers

are forced inrc and fixed in the endosperm, it is less attra: .ive to
insects than undermilled or hand-pounded rice, the partial gelatinization
of the starch during parboiling toughens the grains and reduces breakage
during milling, and cthe parboiled rice keeps for several days after
cooking, whereas the raw milled rice usually spoils in two days.

On the other hand, most millers feel that the net cost of parboiling
rice is higher than that of producing raw rice and the relative higher
yield of whole grains (10 per cent zo 20 per cemt) and other bemefits
do not offset the added processing costs. In other areas, the opposite
is claimed.

Consumer acreptamce is also a bighly variable factor, for parboiled

rice has a distinciive odor which o some is a highly objectionable
feature. A mondified process recemtly has been developed which consists

of snaking the raw rice in a bhot dilute solution of calcium chloride.

The product is known as calcured rice and retains the appearance of highly
milled raw rice, but possesses a2ll the desirable features of parboiled
rice.

It is claimed to be even less susceprible to imsect attack and to
supply additional calcium. Cost factors, however, are highly variable
and the product was developed too recemtly to determime comsumer
acceptance.

The patterns of change im world rice consumprion from raw rice to par-
boiled and chemically treated rice will be slow because of kabirs and
customs. Superstitiom, religions and many other elements also play a
part in this world rice picture. For example, in the Oriemt, practically
starving consumers discarded free gifts of parboiled rice rather than
eat their normal staff of life. To them it jusr did nor loock or taste
like good food.

In the United States, where the annual per capita consumprion is five
pounds, rice is rice. In the Orient, where the per capita counsusprion
is 400 pounds, rice is life. It is necessary, therefore, for the reader
te utilize considerable elasticity in his thinking wher comsiderinmg trhe
relative economics of milling operations described hereim.

When the rice grain is broken dowm in the successive scages of the
milling process, about 25 per cent by weight, of the original rough



rice is hulls or husks. The balance igs the nusked kermel or brown
rize. In the milling process therealter, 75 per cent comprising the
husked kernei or brown rice is graded after subsequent mililing inte
first heads (completely whole grain miil+d rice) and second heads
{broken grains), the percentage of one to the other finally deter-
mining grade and price as outlined i preceding rables on grades.

It will b noted that Crade 11.5. Wo. ! contains no more than four

per cent of hroken grains by weight, whereas Grade U.S. No. & can
contain as much as fifty per cent of broken grains. Again, consider«
ing the milling results from the original rough rice with 25 per cent
by weight constituting hulls or husks, 57 per cent of the remaicing
is generally first head. Thixs, however, i3 entirely relative and
dependent upon mill efficiency in equipment and managsment.

In the United States, a general milling rule which can be applied

is 25 per cent hulls, 50 per cent first heads, 15 per cent second
heads, ¢ ght per cent bram and polish, and two per cent debris. The
reader must bear in mind, however, that yields in milling are very
variable throughout the world, In Burma, for example (world's

largest exporter), where the parboiling process is accepted practice,
71.%6 per cent is first head averaz», 0.5 per cent second head and Z.45
per cent bran. Husks are the same, 25 per cent In Burma, however,
only about 25 per cent of the rice productiom is of the parboiled
process, a decline from 40 per cemt prior ro Worid War II.

When we speak of milling plants or rice mills, we again are comfronted
with a paradox, for more thanm half of all tne rice produced in the
world never leaves the {arm where ir is growm. In such instances,
standard practice, with bur minor variatioms, is ro process only the
amount needed for one week's consumption by the farm-sread and
neighbors. The milling machinery consists of the morrar and pestle
principle.

In intermediate contrast to this are the simple rice mills, which are
similar to the old type manual or belt-driven coffee-grindimg machine,
and whirh, in many areas of the world, still serve as the commercial
millers' process. In both methods, the net result is the same -
undermilled rice and a single commodity ocutput, rice and hulls.

In contrast to both the foregoing are two classes of the commercial
steam or electric powered mills. The first of cthese two classes
does not operate efficient separators to divide the fimal milled
product into classes of head rice and the many different types of
broken grain, but produces one type of edible rice, one grade of
brokea grain and one type of bv-product feed, usvally rermed cice
bran.

The second class of commercial mill is the type with which rhis reportc
is concerned but of a capacity commensurate with the average requirement
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of an economy less developed an” mechanized tham that of the Coafted
States.

Hilling plant capacities in the Uniced States generally are rated in
terms of barrels or pounds per hour or day and operate by stesn-
generated power using rice hulls as fuel. Thnese are much the saoe
as those found i{n Burma, Siam, French Indo-China, Italy, Brazil

and Argentina.

The major mills in the United States have capscities of 65,000 pounds
to 3,500,000 pounds per lé~hour day. Yuny other countries of the world
use small electrically operated mills carable of processimg 1,000 to
5,000 pounds of rough or paddy rice daily. 4&s previ-usly nentioned,
these milis are not equipped with separation machines for craducing
different grades of milied and broken rice. They z¢

and broken rice containing everything from the wpmi .. ... . « .
slipped through the huller, o weed seeds.

For such operations, the quality of the product depends zimost entirely
on the quality of the rough rice milled. The hulls are discarded inte
nearby streams, dumped on unused lands or burned im piles. Such miils
produce just as much edible fosd per umit of rice milled bur mor of

the types and qualities demanded by consumers in the Western Hemisphere,
Since their customers are mostly in the low-income brackets, price=-
conscious and not quality-congscions, rhese mills are as efffcient for
the areas they serve as are wmost of the elaborate mills in the Unired
States.

In the economic aspects of milling and in the interest of adnerimg to
a commercial enterprise that is neither im che category of the small
village type electrically-operated mill, with a simgle end produce
{ungraded ricz), mor the large commer.ial type with irs innumerable
grades and by-products, this report is confimed to the modest, small
capacity mill which is fully moderm and can meet all the normal market
requirements of the large mills as to grades and qualities om am
adequate, competitive basis.

The economics of any mill depend upon whar ir actually produces. Two
thousand hours per vear is generally the economic mimimum, whereas
4,000 hours per year are the technical mawimum. Ome of the basic
elements adhered to hereim is thar the principles and concepts of
modern milling operatiom are fully followed atr the lowest rezsomable
economic levels.

This repor:z is, therefore, based om am bourly milling capacity of two

tons of paddy rice and has an end product of 2,800 pounds of top grade
milled rice. It is a2 2,000-hour annual operation which would accompy-
date the average annual yield of 42 bushels per acre from 4,232 acres

(4,000 pounds of paddy rice x 2,000 hours = §,000,00C pounds = 45



pounds per bushei = 177,777 busheis). The mill, of course, could be
operated on an eight, 16 or 24~hour basis, or 250, 125 or 82 days per
year .

The will described herein also is desigoed to e operated by electric,
Diesel or steam power. Obviously, without specific data relative to
location, power, labor, and productivity, it is impossible o do other
than generalize on such factors.

There are seven major considerations ro be studied in planning a new
mill:

1. The mill should be housed in a building of
oinimum size to keep chat porcion of capital
investment as low as possible.

2. Automatic fewiures should Le incorpurated imto
mill operations to the greatest extent possible
for ease of control. This relieves operators of
many menial tasks assoclated with nonautoumatic
mills.

3. Sanitatior problemss must be minimized.

4. Service factors of equipment must be high
if mill is to operate comtinuously. Shut-
downs due to breskdowms car be more costly
than the original price of a piece of equip-
ment .

5. Maximum ilexibilicry sbould be incorporated in~
to the flow so cthat uniformiry in products
can be maintained and adjustments in specifica~-
tions readily made.

6. Economy of power consumptrion must be considered.

7. Llow maintenmance expenditures will comtribute
immeasurably to low cost operacioms.

MANUFACTURING OPERAT IONS

The complete milling fumcrion imnvolves seven basic operatioms:

1. Storage
2. Cleaning



3. Hulling or husking
4. Separating

5. Brown rice hulling
6. Polishing

7. CGrading and sacking

1. Storage

Unlike other grains requiring milling, there is much on-farm storage
of paddy rice, and, excepting the larger cooperative milis and big
milling companies, the rice mill operator generally maintainsg storage
facilities for only a fraction of his amnual volume, purchasing the
paddy rice in quantities commensurate with his schedule of definite
orders for the milled product.

On the other hand, rice is highly susceptible to deterioration in
storage at both farm and mill, and proper prevemtion is more effectiwve
than any type of efficient cure. Because of the tough exterior of the
rice kernel, paddy rice is more resistan* (¢ pest damage than other
grains.

Despite this, however, infestation does occur, and the only preventive
is fumigation which ordimarily i{s not required for paddy rice but is
necessary frequently for milled rice if it is not moved to market
immediately after milling. The principal pest infestatiom comes from
rodents, insects and fungi, and storage presents a dual problem since
proper controlled storage faciliries must be maintaimed for both the
paddy rice and the end product, the milled rice.

In addition to these storage problems, there is the matter of moisrure
content. Imn the humid regicns of southeast Asia, moisture content must
be controlled within 10 to 12 per cent, whereas im other parts of Asia,
Europe and the Western Hemisphere 12 to 14 per cemtr is desirable for
paddy rice. Milled rice im storage, however, must meintaim 10 te 12
per cent moisture comtrol.

Where the moisture content exceeds the abowve limits, stored rice
develops heat which cauvses discoloragtion and objectiomable odors.
The interier of the graims becomes soft and subject to excessive
breakage resulting in substantial losses im salabilicy.

The large milling companies in rthe United States uwsually deal with
separate cooperative or company driers. They purchase their paddy
rice, dried and ready for milling from these sources and send cheir
milled rice tc sack dryer plants and warehouses. In many imstances,
these operations are not separate companies but imtegrated parts of
large mill operations and cooperatives. Mechanmicai drying or any
other method of moisture control! is based on the same principle -~
blowing hot air through or over the rough rice unril the excessive



moisture has been removed. Milled rice ia storage, whether sacked or
bulk, is dried similarly.

The solution to the storage problem appears to be drying and maintain-
ing proper moisture controls of the paddy rice prior to storage or

doing so in properly designed, constructed and operated elevators and
driers, and wvarehousing milled rice in rodent and insect-proof, moisture~-
proof, dust-proof and wel! ventilated storage facilicies.

Although mechanical driers appear to be necessary for producing a final
milled product of top grade, the ecomomic efficiency of establishing

such facilities in all rice milling operations is highly questionable.

In many areas of the world, paddy rice is dried in open drying yards and
covered each night with burlap and canvas as protection against dew or
rain. In other areas, climatic conditions are such that the drying is
done in the fields before harvesting. Like all other economic elements
involved in this subiect, the factors are relative and vary with location,
and market.

In this report, however, the assumptions previously given involved
storage at mill, of 40,000 bushels of paddy rice which, in terms of the
physical facilities necessary, means elevaror (ur flat) storage silos
(or bins) of comcrete, steel or wood. The most recent estimates for
construction costs of the three types are from $0.65 to $1.25 for each
bushel! stored, including the head house and auxiliary equipment for
receiving, drying and elevating (or conveying) the grain.

Converting this requirement to availability in productiom would equal
the normal yield from approximately i,000 acres. This, in turn, would
mean that, in 250 days of mill operation, such storage faciliries would
be filled four rimes to accommcdate the mill described im this report.

Vhether the storage facilities for the paddy rice are built of concrete,
steel or wood, each has its advantages and disadvamtages. Wood, being

a bad conductor of heat, permits maintaining a fairly even temperature
inside the bins. Further, interlacing of timers and planking make walls,
particularly corners, strong, elastic and resistant to bursting

stresses.

On the other hand, steel and concrete permit maintaining better rodent
and pest control, are easier to clean and require less maintenance.
Bulk storage also can be accomplished by flat grain storage, im lieu
of elevators, and in buildings containing sheet metal bins as shown in
Figure 8.

The foregoing should give the reader the relatiwve factors to comsider
in relation to storage requirements, locatiom, and crop availabilicy.



Fumigation ordivarily {s not required Im rough rice storage facilicies
of the better construction. Howcver, .owe fumigation should be done
at least twice a8 year and regularly where milled rice {s stored when
each major quantity is moved out.

2. Cleaning

Paddy rice received from the fields, wonetner sacked or {n bulk, contains
quantities of dust, stubble straw, weed seeds and otner foreign materials
which are removed either before going into storage or art the mill before
entering processing.

The assumption heren is that from the elevators or flat sctorage
facllities, the paddy rice is conveyed to the mill receiving hoppers

in i{ts field condition {or partially cleaned) after having received
proper artificial drying at temperatures of 110 degrees to [20 degrees
Fahrenheit. Tne cleaning i{s accomplished by » combination of screeming
and blowing, with the paddy rice passing through sifter screens and dis-
charging into ducts or condeits and the foreigm matter being sucked
through cyclone dust and refuse collectors. (See Figure [0)

The cleaned paddy or raw rice then passes to batcn scales from where
it is conveved pneumatical.y to graders and sepzrvators before enterimg
the shellers or hulling proces: (See Figure 11)

The grading and separating machiies enable unmiform grain sizes ro
reach the huller or sheller sp thar the machinery cam operate at
prolongea periods before second adjustment rums. Ir also permics
handiing of otner similar grains requiring similar processing with
minor adjustment. Furriner, the gradimg of the rice graim before it
reaches the hulling or huskirg operatiom imsures & mimimsa of graim
breakage and, hence, a higher yield of the whole graim grades. MMany
separators also are equipped with magnetic devices to remove any metal
particles which might cause damage o machimery.

3. Hulling or Husking

The historic methods of huskimng the rice graim or remowval of the outer
covering by mortar and pestle, pounding, old-fashiomed husking stomes,
and coffee grinders, have been described im a gemeral way. A4s previously
mentioned, the old methods stiil are followed in many areas of the world,
but modern practice employs machinery of various types.

These are nothing other than machines containing two metal discs, or
stones as they are sometimes called, coated on their opposite surfaces
with a durable abrasive compositicn which can be remewed readily when
necessary. The upper plate remains statiomary, with the lower one
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revolving at speeds of 200 to 600 revolutions per minute. The upper
plate is adjustable to fitr the husking of the size grains being handled
and the revolving motion of the lower plate tends to keep the grains

of rice on end and cracking the husk without breakingz the graian.

Other techniques involve the use of horizontal rubber rolls revolving
at different speeds so that the compression action is racher gentle,
the grains enter in s& flat position, and the husks are pressed off the
kernel, so to speak. Still other types employ a rubber belt under
pressure to the shelling roller, and the shelling surfaces consist of
a wide rubber belt of uniform thickness throughout its length.

Figure 12 illustrates the vnder runner disc type of sheller.

When the grain has passed tanrxough the shellers or huskers, the husked
product processed is composed of husked grains, unhusked grains, unripe
Rrains, broken rice crumbled during the husking, some bran meal and a
quantity of empty husks. This mixture then passes to the next stage

of pricessing.

4. Separating

The brown rice grain must de separated from the unusable residue and
the unhusked and unripe graims reclaimed. This is dome by separators,
one known as the paddy and the other as the chaff separator.

The chaff or husl. separator, in reality, is a sifrinmg machine or
cleaner, the same as described and illustrated under Cleaning (Figure
11). This machine removes the browm rice, both whole and broken,

along with bran meal, unbusked and unripe graims, exhausting the use’ess
husks and chaff through cyclome suction to refuse piles and sending the
processed materials remaining to cthe paddy separator.

This latter machine carrying ithe browm rice residue is designed to
separate the paddy remaining in the mixture after huskimg from the
cleaned husked rice. It comsists of a large, imclimed, mechanically
operated shaker, the surface of which is interrupted at regular
intervals by small vertical metallic plates which divide the rice.

As the shaking proceeds, the paddy grains, being lighter, graduvally
move upward from the center feed and pass over the high side of the
machine into a trough, while heavier husked graims are collected under
the lower side. The separation may be varied by changing the speed of
shaking, the angle of incline of the table or the rate of feed.

Figure 13 illustrates such a machine.

Afrer separating, the paddy leaving the machine on the high side is
returned to a secondary husker, while the busked browm rice is passed
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on fo. .urther processing. This secondary husker, or huller, is
generaliy smaller and the husking stones are adjusted at shorter
distances apart, since the grains which were not husked in the first
husker are smaller. After the second husking, the remaining mixture
again flows through the paddy and chaff operatioms.

5. Brown Rice Hulling

Brown rice, when free from its outer coating, still is covered with

the silver grey or vari-colored inner bran layers. It must, therefore,
be milled several times, dependent upon its origin and the standaras

of the finished product desired. This is done in a machine or machines
known as white rice hullers. These machines scour the bran and rub the
germ from the shelled rice grain.

This process differs considerably from the old type pearling comes,
inverted, truncated <ones covered with a mixture of emery and cement,
which revolved inside a steel wire screen encased in an iron casting
with openings for the grain to enter and leave as the cone was spinning.
By raising or lowering the revolving come, 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 fluting,
turning in an iron perforated cylinder (lineal holes through which

the bran husks pass) or in half stippled and half smooth cylinder.

The fluting, horizontal in the stippled part and inclined in the smooth
part, first whitens, then carries the rice t» the exit.

In larger millr machines operating on a different principle are used.
Here the bran is peeled off the grain by the actiom of a sp=cially
grooved rotor having machine-cut shallow grooves running parallel to
the axis.

From these machines, the shelled rice passes to the polisher with the
bran conveyed to storage piles or sacks for use in by-products.

6. Polisaing

After milling, rice has to be brushed or rolished in order to improve
its appearance and to remove the bram produced during milling. This is
usually accomplished by the use of a rice polisher machine. Figure 15
illustrates such a machine showing the outer casing open.

It consists of revolving rollers, or drums, encased in fine wire mesh

with an inner covering of sheepskin. In some machines leather 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 huller and polisher are
combined in one machine as illustrated in Figure 16.

The by-product of the wmilled and polished rice is known as rice polish-
ings and is commonly mixed with rice bran or meal and marketed for live-
stock feed.

7. Grading and Sacking

In most modern mills, rice is cleaned and graded following the milling
process to standards of the finished product and the requirements of
the market. In achieving this an intermediate step known as aspirator-
ing generally is taken. The residue and polished grain are received in
the aspirator machine from the polisher, and .he whole rice, broken
kernels, immacure rice (grains varying in length and thickness and a
certain quantity of bran) pass through the machine which separates rice,
brewers rice and surplus bran and dusc and flakes in conjunction with

a vibrating screen. Figure 17 illustrates an aspirator.

The vibrating screens described in this report are of the single deck
type and principally are for the extraction of the brewers zrain.

The foregoing is generally the first step in tne grading process. A
second grading by length and class of grain is then required, and the
milled rice passes to a disc gradex. This machine is similar to that
illustrated in Figure 11 and separates the whole grain, number cme
grade rice from broken and brewers, gravity feeding the head rice to
bins.

Finally, a third grading by thinness and secondary grades is accomp-~
lished by an indented cylinder grader similar to that illustrated in
Figure 18. This machine is little more than a r~ller with varying
sizes of cylinder wa:l openings joined in mulitiple combinations.

It »ast be borne in mind that in the particular field of clcaning amnd
grading rice, no set rule is available. It appears tkat rice millers
use a certain series of machines according to experience, 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:

Milled rice and coated rice 51%
Broken rice and brewers rice 18%

Total yield of edible grain 69%Z
Bran 10%
Rice Polishings 1%

Total by-products 11%
Husks (including invisible - 20%

milling shrinkage)
100%
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After the final grading, the finished product moves by conveyors to
the various surge cr storage bins from which it is gravity fed, weighed
and sacked.

Note: This report does not cover any of the phases of mill operations
involved in the processing of coated rice (treatment by glucose aad
talcum), modern testing devices employed in larger mills, parboiling
process, consumer packaging, shipping or marketing. Such information
can be furnished in separate reporting but is too extens ve to include
herein,

Sacking operations are dependent entirely upon the market involved.
For the purpose of this report, it is assumed that finished products

are sacked in cloth or muslin bags of the weights comnensurate with the
locale and tables of weights and measures previously iteaized.

% % % % &k %k % *k & *
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DIRECT MATERIALS

Annual Annual Cost
Item Requirements Unit Cost timated Actual
Rice 4,000 tons $90.00 a ton $ 360,000
Packaging material o ew 3,000 ———
TOTAL $ 363,000 —
SUPPLIES
Annual Cost
Item Estimated Actual
Lubrication and hand tools $ 200
Maintenance materials and
spare parts 2,000
Office supplies 200
TOTAL § 2,400
DIRECT LABOR
Number Hourly Arnual Cost
Occupation Required Rate Estimated Actrual
Miller 1 $2.25 $§ 4,500
Miller's helper 1 1.60 3,200
Elevator, warehousing and
sacking 1 1.60 3,200
TOTAL 3 $ 10,900



INDIRECT LABOR

Number Annual Cost
Occupation Required Estimated Actual
Manager and office 1 $ 8,000 —
Maintenance 1L 5,000
TOTAL 2 $ 13,000 —
PRODUCTION TOOLS AND EQUIPMENT
Number Cost

Description Required Estimated Actual
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 sepz "ator 1 1,500 —_—
High capacity paddy separator 1 4,000 e
Huller 4 8,000 —
White rice polisher 1 2,000 ——
Centrifugal exhause fan 1 500 —
Aspirator 1 500 —_—
Vibrating screen 1 1,000 —




PRODUCTION TOOLS AND EQUIPMENT (Continued)

Number
Description Required
Disc white rice grader 1
Uniflow indented cylinder
grader 1
Cyclone dust collectors 3

TOTAL
OTHER TOOLS AND EQUIFMENT
Number

Description Required
Double elevators 4
Motorized elevators 2
Screw conveyor 1
Steel floor structure

45 feet long, 17 feet

wide, 12 feet high 1

Starters, switch, wiring,
bins, spoutings, gut-
work, mill feed hopper

TOTAL

Coat

Estimeted Actual

$ 2,000

1,000
3,000

$ 35,400

Cost
Estimated

Actwus’

$ 5.000
9,500
1,500

]




Item Required Unic Cost

Desks and chairs 2 $150

File cabinets 2 75

Typewriter 1 150

Adding machine 1 150

TOTAL $ 750 ——
PLANT LAYOUT

In rice milling operations, the flow chart is the miller's comstant
guide. It is on this sheet that all details of the milling process
(machinery and flow) are noted in operatiomal order. It must be kept
up to date without fail if losses in operating costs are to be avoided.

Normally, the flow sheet should indicate all equipment, that is, the
number of the various machines, sizes, differentials, revolutioms per
ainute, capacity comtrols, and auxiliary equipment, such as pro-
portioning and blending equipment, comveyors, scales, cleaning equip-
ment, and ducts.

The various machines are represented by squares, rectangles, circles,
cylinders and other symbols, and the flow of stock from ome piece of
equipment to another is represented by commecting limes with arrows
indicating directiom of flow.

The flow sheet is mandatory inmn a well rum plant. 1In the past, mills
were inclined o allow uncontrolled expansiom, and mot infrequemtly
management awakened too late to the fact that it had developed memy
unnecessary conveyors, that gravity had mot been takem advantage of,
all contributing to increased operatimg costs amd lower profit returns.

Figure 7 shows the fiow sheet for the mill covered im this report.



In order to provide for future expansion, a plant site of ome acre
would be required. The plant site should be as advancageously locarved
as possible with respect to transportation, power, water, fuel, raw
materials, =cources of labor and markers.

The estimated cost of the plant site is $1,000.

ILDINGS

In rice mill design, for the type mill covered herein, a two-story
structure is re~ommended, with an adjoining one-story warehouse for
the milled product. The mill bullding should be 40 feet x 50 x 36
feet, and the warehouse adjoining, in the form of lean-to, gable or
flat roofed comstruction, should be approximarely 25 feet = 40 feet x
10 feet clear. The ground floors should be concrete. The structures
themselves can be steel frame, sheet metal, wood, brick or comcrete.
Regardless of the type of building, the principle considerations are
cleanliness, efficient equipment placement, and operatimg and storage
housing that is rodent, insect and moisture protective to as great 2
degree as is economically feasible.

The cost of the building is estimaced ar $30,000.

Storage Elevator amd Auxiliary Equipment

For a mill of the above stated capacity, provision should be made to
store 40,000 bushels of paddy rice. This would require four elevators
20 feet in diameter and 65 feer high, or flat storage silos or bins of
concrete steel or wood.

The reader's attentiom is directed to the comments under the headimg
"Storage,” page 25. As previously mentiomed, the most recemt estimates
for comstruction costs of the types of storage mentioned are from $0.65
to $1.25 for each bushel stored, including head house and auxiliary
equipment, for receiving, drying and elevating (or counveying) the graim.
For the purpose of am estimate, however, a cost of $1.00 per bushel is
used in this report.

Calculation: $1.00 x &£0,000 = $40,000.



POWER

. cAo——n——

The connected load requirements amount to 90 horsepower.

based on an 80 per cent load factor the annual cost of power is
estimeted ar $1,000.

WATER

The annual cost of water for heating. sanitary purposes, and fire
protection is estimated at $200.

FUEL

It is estimated that the annual cost of fue! for heacing and sanftary
purposes will amount to aboutr $400.
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DEPRECIAT TON

fatimated Years Anmual Cost

Descripeion —Cost Life Estimsced  Actual
Buildings $ 39,000 20 $ 1,500 e
Storage elevators

and equipment 40,000 15 2,666 ———
Hachinery and equipment 35,400 10 3,540 ———
Octher toois and

equipment 21, 600 10 2,160 i
Furniture and fixtures 750 10 15
TOTAL $ 9,9 T,

MANUFACTUR ING OVERBEAD

Annual Cost
item Estimated Actual
Depreciation $ 9,91 e
Indirect labor 13,000
Power 1,000 —
Mater 200 —_—
Fuel 400 M
Supplies 2,400
TOTAL $ 26,3, .



HANUFACTURING COSTS

ltem

Direct materials
Direct labor

Manufacturing overuead

TOTAL
FIXED ASSETS
Item
land
Buildings

Storage elevators and equipment
Machinery and equipment
Other tools and egquipment

Furniture and fixtures

TOTAL

Aonuel Cost

Estimated

$ 363,000
10,900

26,941

$ 400,841

Cost
Estimated

Aot}

I

$ 1,000
30,000
40,000
35,400

21,600

$ 128,750
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WORKING CAPITAL

Item

Direct material
Direct labor
Manufacturing ovechead

Reserve for sales collections

TOTAL

CAPITAL REQUIREMENTS

It

——————

Fixed assets

Working capital

TOTAL

60 days
30 days
30 days

30 days

Cost
Estimared Actual
$ 60,300

900
2,200
42,600

$ 106,000

Cost
Estimated Actual

$ 128.750 —

106,000 SR

$ 234,750 e



SALES REVENUE

Annual milling capacity of 8,000,000 pounds of paddy rice equals the
following annual product yields and sales revenuve based upon the fore-

going percentages:
$51% of 8,000,000 ibs. = 40,800 cwr at $10.00 $408 ,000
18% of 8,000,000 ilbs. = 14,400 cwt at $6.00 86,400
10% of 8,000,000 ilbs. = 400 cons at $38.00 15,200
1% of 8,000,000 1bs. = 40 tons at $43.00 1,720

Total annual sales revenus $511.32

RECAPITULATION OF COSTS, SALES AND PRCFITS

Estimated
Item Cost
Direct materials $ 363,000
Direct labor 10,900
Manufacturing overhead 26,941
Total manufacturing cost $400 , 841
Interest on loans 6,000
Insurance 500
Legal 600
Auditing 1,200
Unforeseen expense 2,859
Total administrative costs 11,159
Sales commissions 8,000
Travel, bad debts, discounts and
allowances, freight-out 4,000
Profit before taxes 87,320
Total annual gross sales $511,320

39~

Actual
Cost

PR



BUDGET CORTROL:

A requisition form desigahed o provide accurate records of procurement
and indicate the purpose of procurement with the least amount of time
and <ffort is shown on the following page.

This form has an sccount mmber for each type of the various expendi-
tures which the manager wvill revisw in detall, monthly or oftener, in
order to control his expenses. Some items, such as power and water,
are usually under contract and are easily checked by reference to
monthly bills. For simplification, items (marked with an asterisk
below) are amitted from the purchase requisition. Varistions in the
labor costs are easily reviewed by exsminatior of the payroll vouchers.
Tae simplified type of control thus provided makes certain that the
wmanager can control expenditures promptly.

Following the requisition form, a ssmple wvoucher check is shown.
Voucher checks should be used for the payment of all expenditures and
the appropriate book account number placed on each voucher.

At the end of each month the manmager will receive a statement of all
expenditures broken down by budget sccouants. If the expenditures ex-
ceed the budgeted monthly sallowances of any of the accounts, the
bookkeeper will furnish the manager with & breek-down of all expendi-
tures relative to the budgeted accounts exceeded. All these supporting
data can be secured by referemce to the purchase requisitioms and the
check vouchers. This reference will enable the manager to determime
vhat csused the over-expenditure and take corrective action.

If at any time during each month it becames apparent that expenditures

will exceed any of the budget accounts, the bookkeeper will bring this
to the attention of the mamager for his informatiom and actiomn.

BUDGET CONTROL ACCOUNTS:

Monthly Monthly Anmual

Account Number Expense Budget Budget Actual
10 Administrative $ $ 691 § 8,300 $ '
20 Sales 666 8,000

30 Direct Materials 30,250 363,000

k0 Supplies 200 2,400

51 Power* 83 1,0C0

52 Water® 17 200

53 Fuel _ 33 400

60 Unforeseen Expense 2138 2,859

{Reserve Account)
T1 Direct Labor* 908 10,900
T2 Irlirect Labor#* 1,083 13,000

80 Dupreciation
{Reserve Account) 828 9,941
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R. W. MITCHELL MANUFACTURING COMPANY

1422 BOSWORTH STREET. 6. E.

ANYWHERE, U. S. A, 19____ No. 10000

f Pay e pDoLLARS S
| ToTHEORDEROF .

R. W. MITCHELL MANUFACTURING COMPANY

L
ro FIRST NATIONAL BANK SAMPLE C H ECK

ANYWHERE, U, 8. A,

" VICE PRESIDENY

O TS R RS TR -

ACCOUNT NUMBER
Sample voucher check to be used for the payment of
all expenditures in connection with Budget Control.

E. W, MITCHELL MAB!UFAQTUR!HG CQHPA!’*I?



ENGIITEERS

The services of professional engineers are desirable in the
design of this plant, even though the proposed plant is small.

A correct design is one which provides tne greatest economy

in the investment of funds and establishes Llhe basis of opera-
tion that will be most profitable in the bveginning and will
also be capable of expeansion without expensive slteration.

The addresses of professional engineers who specinlize in
industrial decign, some of whom may be willing to undertake

such werk on low cost rrojects overseas, can be secured by
reference to the published cards in various engincering magazines.
They may also be reached through their national corganizations,
one of vhich is the

National Society of Professional! Engineers
2029 K Street, Horthwest,
Washington 6, D. C.

Manufacturers of industrial eguipment employ engineers familiar
with the design and installation of their specialized preducts.
These manufacturers are usuelly willing to give vrospective
custamers the benefit of technical advice by those engineers in
determining the suitability of their equimment in any proposed
project.

The equinment manufacturers also know, snd can recommend,

professional engineers in privete practice, who are willing and
able o provide apyropriate consulting services.
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TRAINING:

Manufecturing an inferior quality of product during the training
period could create sales resistance that might be difficult to
cope with later. To avoid such possibilities, the quality of the
product should be maintained at all times, including the training

period.

In same areas skilled operators may be avalilable locally. In other
arcas all the operators may bave to be trainred.

If akilled operators are not available, adequate training would be
assured by using one or more of the following aethods:

LA
A

B.

D.

If the rlant is designed and installed by a campetent
engineering firm, the contract should be negotiated, 1if
possibie, on a turn-key basis. On this basis th: contrac-
tor agrees to operate the piant and produce the quality

and guantity of the product stated in the contract for an
agreed periol of time. Such a contract would assure
adequate personnel training, since full quantity and quality
could not be produced with an untrained organizatiom.

The engineering Jirm that designs and installs the plant
can usually make training arrangements to have key persomnel
placed, for training purposes, in a foreign industry that
produces the same type of product. This would provide
training for the key personnel while the plant is being
installed.

If neither of the sbove methods is possible, then qualified
and experienced individuals should be employed for the key
positions, either permanently or temporarily, to perform
the key operations and assist in training the organization,
even if they must be secured outside the country.

The manager should have years of successful experience in
this type of business and be fully qualified in all phases

of management, including the training of employees.



SAFETY :

There is always danger of sccident and injury in any
industrial plant. Because of this, the manager should
take specific action to bring to the attention of each
employee the importance of safety precautions and ine
telligent first aid.

Practically all machines have safety esppliances, and
the maneger should see that these are in good working
conditicn and that tae operators are making full use of
them.

In addition to constant watchfulness tc ke sure that
all oracticable safety precautions are taxen, first aid
supplies should be readily available. One camplete
first aid ¥it should be maintained nesr the manager's
office, and others at appropriate nlaces throughout the
plant. Some of the emplovees should be trained to pro-
vide first aid service.

The use of accident posters In the plant nave proved to
be of value in reducing accidents. It Is recoamended
that such posters be used, and that some direct special
action be taken by the manager, at least once each month,
to bring to the attention of all persomnel the importance
of safety precautions.

Tire brigade should be established and each member
trained &s to his responsibility im case of fire. Fire
drills should be conducted periocdically.

It is recammended that the employees be encoursged to
offer suggestions or recammendatioas relative to preven-
tion of accidents, removal of fire hazards and maint~ ning
general interest in all safety factors.



OTHER CONSIDERATIONS

There are other important. subjects, shown below, that should be fuwily
investigated and considered. Information on these gubjects is wsually
available from such sources as banks, government agencies, exporters
and importers, wholesalers, retailers, transportation companies and
manufacturers.

MATERIALS AND SUPPLIES

1. Are all materials and supplies available lcrcally?

2. 1s the local material market competitive?

3. 1s satistactory delivery of local materlals assured at reascp«
able prices?

4. What materials and supplies must be {mporced?

5. Are they available {n world markets at comperitive prices?

6. Would prompt delivery of imported materials and supplies be
assured so that large inventories would not be required?

MARRET FACTORS

1. Is there already a demand for the product?
A. Who are the primcipal consumers?
B. Whe are possible nmew consumers?

2. How is demand for the product now satisfied?

A. By local production? If so, whar is the volume of anmual
production?

B. What percentage of consumption is filled by local produc~
rion?

C. By imports? If so, what is the volume of ammual importz?

D. Whatr percentage of consumption is met by imports?

E. From whar areas are imports derived?

3. What is the estimated amnual increase in local comsumption over
the next five years?

A, How were such estimates made?

B. By reference to official figures om populatiom gromth,
family budgets, imporcs, etc.?

C. By consultatiom with trade or industry, minmistries,
associations, bankers, commer:ial houses, wholesalers,
retailers, industrial consumers, etc.?
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IT the product is alresdy being manufactured, can the existing
and estimated future local marzet absord production of the
new plant without price«cutting or other dislocations?

Would the ecstimated sales price and gquality of the new product
make 1t competitive with an imported Mgwwm‘ﬁmgm*’f
A. After adiusting cost to local conditions, is the
e3tineted sales price of the product 22 Aligh
tarifl protection is necessary to protect it from
{mporis?

EXPORT MAFRREDS:

Couldd the propduct compete {n export marzets on toe btasis of
price, guality and dependability of supply?

Can export marhkets Tor the product be developed?

If so, in what arcas and in what anmel volume?

Whet procedures would be necessary to develop export maraefs?
Whet would it cost?

Pé

MARKETING PROBLENS:

In caleulating costs of the product, has adequate sllowance been
made for the expense of a sules department, advertizing and proe
motion that might be required?

Do consumer prejudices against locally mamufactured products
exist?
A. IT so, why?
B. wWould they apply to the new product?
. IT s0, how could they be overcome and what
would it cust to do so?

Do marketing and distribution facilities for the product exiszt?
A. If not, can they be set up?
B. wWhat would it cost to do s07

Will the product be sold to:
A. Wholesslers?
B. Retailers?
. IMrect to consumer?
D. Other industries?
E. Goverrment?
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1.

ECONOMIC PACTORS:

Howv much foreign exchange (and in vhat currency) is reguired to
import machinery, equipment and supplies:

A.

B.
c.
D.

E.

F‘

G.

How much foreign exchange (and in vhat currency) is
required for anmial interest payments and smortization
of any loans coutracted to import machinery and equip-
ment, or for payment of royalties and technical servicest
How much foreign exchange {and in what currency) is

for aunual import of rav materials and supplies?
What are estimated annual foreign exchange earnings and
in wviat currencies?
HEas careful consideration been gim to the possibility
of depreclation in the foreign exchange value of the
local currency?
Has careful consideration been given to the possibility
of import controls, or restrictions oo avallabijities of
foreign exchange necessary to operate the business?
What benefits would the new business bring to the economy
in the use of local raw materials: inm employment and im
technology?
Do dependable facilities exist for transportation, power,
fuel, wvater end sewage?
(1) If not, cam existing deficiencies be eliminated

satisfectorily?

(2) uhat would be the cost to do so?

ST SE——

Is there an adequate labor supply nesr the plant location?

A.

If not, how can the problem bhe solved?

Can the mroblem of training competent mansgement and super-
visory personnel be solved?

A.
B.
c.

Also, the training of skilled lsbor?

Is technical advice available in the locality?
If not, where can it be cobtaimed and what will it cost?

kil kil Tl )
TANS AND REGULATIONS:

Do existing labor laws, govermment regulatioms, laws and tawes
favor establishment of new business?

A.
B.

If not, can existing obstacles be removed?
If so, bhow and vhen?



FINANCIAL FACTORS:

1. Technical advice on selection of machinery and eguipment.

A. In selecting the machinery and eguipment for the
nev plant, have reputable and competen®. englneers
and technicians been consulted?

E. Have they been asked for advice on the most sulitable
types of machinery snd equipment for the process snd
locality?

C. Have they carefully compered costa of warious supplliera?

D. Credit terms offered purchssers?

FINANCIAL REQUIREMENTS OF THE PROJECT:

1. In estimating the cost of the project, has careful considera~
tion been glven to:
A. The effect on costs of delays in construction schedulean?
B. In delivery snd i{nstellation of machinery and equiment?
C. In import of essentisl raw materisls and supplies?

2. In calculating cash flow snd working capital requirements, has
carefMul consideration been given to:

A. Maintaining sdequate inventories of raw Jaterisis?

B. Supplies and spare parts?

C. GSessopal fluctuations irn the business?

D. The time required to liquidate oredit sales to
custopers snd bad debts?

E. The period necessary to get the plant foto
production?

F. Cash required to smortize its primciple loans?

3. If the economy is im & period of inflatiom, has Mll allowance
mmmmﬁmﬂmmofma%yﬂmmmmw
coat of the project and onm working capltal reqaiz 57

i. Hes it been possible to meke srrangements with Iocal banks to
finance shiort-time working cap.tsl requirements of the businesa?

FINABCIAL PLAN:

1. Hasa a definite plan to finamce the project been worked ogt?
A. Is sufficient cepital awaiiable locally?
B. If not, what is the plan to chitalin the required
capital?
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Woodland Mill Supply Co.
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8. F. Gump Co.
Chicago, 1llinols

5. Howes Co.
Silver Creek, New Jersey

Hunotley Manufacturing Co.
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B-I~-F Industries, Inc.
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Ross Machine and Mill Supply, Inc.
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Superior Separator Co.
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ABBREVIATIONS
LBS. - pounds CU. YD. - cubic yard or yards
% - per cemt FT. - footr or feet
$Q. IN. = square inch or inches SQ. FT. - square foot or feet
SQ. YD. - square yard or yards Cu. IN. - cubic inch or inches
CU ¥YD. - cubic yard or yards U.S. GALS. - United States gallous
MP. GALS. - Imperial galloas BU - bushel
¥O. - number cwT - 100 pounds
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Conrtesy o H. T M Gall Disteriatsrs
Flowmtam, Teshs

Cepprresy The Hice Jowrmal



Figure 11 - Typical Disc Separator Typical Grading Machine



Figure 12 - Under Runner Sheller
Typical Paddy Huller or Husker

Figure 13 - Typical Paddy Figure 14 - Typical Brown
Separator Rice Huller
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Figure '~ - Typical Rice Polisher

Machine
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Figure 16 - Combined Bran
Huller and Rice Polisher






