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Reference to dollar» (I) art to United Statai dollari unless otherwise 

stated. 

Hie following abbreviations ar« usad in this publicationt 

AOCS American Oil Chemists» Society 

BfCAP Institut« of Nutrition of Central Amerioa and Panama 

LCP Liquid cyclone process 

BCPA National Cottonseed Products Association 

ORSTOM Office de la recherche scientifique et technique 
d'outre-mer 

PAO FAO^tHO/jNICEF Protein Advisory Oroup 

SRRC Southern Regional Research Center 

SRRL Southern Regional Research Laboratory 

Ine following technical abbreviations have been usedt 

o.i.f. Cost, insurance, freight 

f.o.b. Free on board 

pH Hydrogen ion concentration 

The designations employed and the presentation of the Material in this 

publication do not imply the expression of any opinion whatsoever on the 

part of the Secretariat of the United Nations concerning the legal statue of 

any country, territory, city or area or of its authorities, or concerning 

the delimitation of its frontiers or boundaries. 

Mention of firm names and commercial products does not imply the endorse- 

ment of the United Nations Industrial Development Organisation. 

The views and opinions expressed in this publication are those of the 

authors and do not necessarily reflect the views of the secretariat of UMBO. 
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I. TEI RAW MATERIAL 

*• The classification of cotton 

The cotton tre« b«longs to the family of Malvaceae, Hibisceae tribe, genu» 

Oossypium. Some botanista (Edlin, 1935) place the Hibiscea* tribe in the 

family of Bombacaceae so as to bring all species producing fibres attached to 

a seed or a capsule together in one family. 

Gossypium is by far the most important genus of the Hibisceae tribe. 

Numerous woody or herbaceous perennial or annual varieties* of cotton, 

from 0.5 m to 5 m high, can be found in the natural state. 

All cultivated species are thought to be derived from a common ancestor 

in the Old World, which could be Qossypium herbaceum. 

Cotton growing is a very ancient occupation: fragments of cotton cloth 

dating back to 3000 BC were found in Mohenjo IHro (Pakistan) and others, 

dating back to 2400 BC, in Peru (Lagiire, 1966). 

The cotton tree is normally a perennial plant, aa were the varieties 

cultivated formerly, but the perennial varieties have gradually been replaced 

by annuals whose cultivation could be extended to more northern regions, 

where the perennials would not have survived the harsh winters. 

Most of the cultivated species are annual arborescent shrubs, leds than 

1 m high. 

The glassification of Qossypium is an entangled and long debated subject. 

Taxonomy, however, is outside the acope of this study} suffice it to indicate 

that 15 wild lintless species are grouped into six section«, and that culti- 

vated cotton trees can be divided into four main speoie« - 0. arborema, 

q. herbaceum, 3. hirsutum. and 0. barbadense. each divided into many sub- 

species and varieties (Lagiire, 1966). 

Q. arboreum and Q. herbaceum 

Qossypium arboreum and Qossypium herbaceum are species cultivated in the 

Old World. G. arboreum can be divided into six sub-epecies, and Q. herbaoeu» 

into five, according to geographical origin. 



-8- 

Q» arboreua 

Sub-species indicuau    consista of a perennial variety found in western 

India, Madagascar, and the United Republic of Tanzania, and an annual 

variety found in India. 

Sub-species bunaanicuau predominately perennial, but with annual 

varieties. Found in Burn*, Bengal, Assam, Viet Nam, Malaysia, and the 

Indian archipelago. 

Sub-apecies cernuta»    annual, cultivated in Assam and Bengal. 

Sub-species ainenae:    an annual early sub-species found in China, the 

Korean peninsula and Japan. 

Sub-species bangalonsot   an annual found in northern India and Pakistan. 

Sub-species sudansnsei    a perennial cultivated in Sudan and Nest Africa. 

Q. herbacous 

Sub-esecies persifuit    annual, found nowadays in Iran, Afghanistan, 

wettern Pakistan, Soviet Central Asia, Iraq, Syrian Arab Republic, Turkey, 

Greece and the Mediterranean islands. 

Sub-epecies kuljianuai    annual, suited to the short 

winters of Central Asia (USSR, Sinkiang) where it is found. 

and cold 

Sub-species whightianumi   an annual fron western India. 

Sub-spscies acerifoliuat   perennial fro« Afrioa (Sudanese region, 

Ethiopia, oases of Igypt and the Libyan Arab Jamahiriya) and the Arab 

countries. 

Sub-species africanuat    a perennial found in South Afrioa. 

The Untere reamining on 0. arboreu« and 0. herbaoeus. after ginning 

are not very thick»    they acoount for between 3 and 5 per cent of total 

weight, and sometimes as little as 2 per centi    so the seeds look alsost 

Oossypiu» hirsutus 

0, hirsutun originates froa the Mew World.   It includes one wild sub- 

species fro» Hawaii, 0. tomentoso», and seven cultivated sub-species (fJKiî: 

«Hants. punctatu«, palneri. juoatanonae. aorrillii. riohnondi. latifoliun) 
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which have spread throughout the entire world from their origin (southern 

Mexico and Guatemala).    The three main sub-species are   marie-galante. 

punctatuir, and latifoliom; 

Sub-species marie-galante !    a perennial shrub which was the basic 

stock used for the Antilles cultivations.    It was later brought  into 

north and eastern Brazil, Ecuador, the Ouianas and West Africa (Ghana, Togo, 

Ivory Coast and elsewhere). 

Sub-species punctatum;    also a perennial, widely distributed through- 

out the tropical and semi-tropical regions:    Central America, Antilles, 

Florida, West Africa, Egypt, Ethiopia, India, Philippines, Australia. 

Annual varieties have been developed in West Africa. 

Sub-species latifolium»    an annual from which the '^upland" variety was 

developed in the southern United States (Carolina and Georgia). 

0. hirsutum is the species that has benefited most from selection work, 

mainly in the United States, to improve the yield and quality of cotton 

fibre under local conditions (climate, soil, etc.).    The result has been 

many varieties, derived either from the development of former varieties or 

from hybridization or crossing.    The work began in the early nineteenth century 

and is still going on. 

When the United States was a British territory, two varieties of ootton 

were used in the south.    One, "sea island" or "lowland cotton", originated in 

the Antilles;    its seed, which retains no linters after ginning, is black or 

brownish-red,-'   giving rise to the name "black seed".   The other variety, 

which originated in Mexico, retains thick grey or white linters after ginning, 

and is called "upland cotton".    "Upland cotton", which gives a higher yield, 

superseded "lowland"'-and has given rise, as a result of selection work, 

•specially sinoe I850, to many varieties.   The complete classification cannot 

be given here, but the more commonly known varieties are derived from the 

following 16:    fox, empire, rowden, me bane triumph, western mebane, lankart, 

jaymaster. macha, hibrad, daIfos. extra-long-staple upland, miscellaneous 

upland, delta pine, stoneville. coker 100. and aoala (Lagiêre, 1966)•    The 

last five types are particularly important}    most of the 16 (some of which 

are divided into sub-types) ara represented by several varieties. 

1/   The bulk of the cotton-aeed is usually black, but may vary in shad« 
from brownish-red to jet-black. 

A 
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Some G. hirsutum varieties are cultivated not in the United States, but 

in other places to which they have "been acclimatized! Brazil, U33R, Africa 

(Chad, Nigeria, Uganda), China, India, and elsewhere. 

G« barbadenae 

Gossypium barbadenae, which also comes from America, has two sub-speciesi 

G. brasiliense; in north-eastern Brazil, Central America, the 

Antilles, Africa and India. 

0. darwinii: found in the Galapagos islands, is quite rare elsewhere, 

although it is related to important cultivated varieties. 

These two sub-species, which were originally perennials, gradually be- 

came annuals as they developed in Africa (along the Gulf of Guinea - Nigeria, 

Togo and Benin - and later in Egypt), America (in South Carolina, for 

example, where they were the basis for the sea island varieties) and Peru. 

Gt barbadense has medium, long or extra-long staple. 

G. barbadenae varieties with medium staple (aahmouni, gi za 66), long 

staple (giza 471 dendera, giza 6?) or extra-long staple (menoufi. giza 45 or 

68) are grown in Egypt. The Soviet long-staple varieties are also 

G. barbadenae. derived from Egyptian varieties. 

B» Cotton varieties cultivated and cultivation areas in 
the main producing countries 

United States 

Cotton growing started in the states bordering on the Atlantic 

(Virginia, the Carolinas, Georgia, Louisiana) and gradually spread from the 

•nd of the eighteenth century, to the whole cotton belt. Between the two 

World Wars, and particularly after the Second, improvements in irrigation 

techniques enabled it to develop westwards. 

The varieties grown are derived from upland varieties of 

Q« hirsutum. 

The cotton-crowing area can b» divided into four main regional 
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The South-East (North Carolina, South Carolina, Georgia, Alabama, 
Florida, Virginia), where moderate rainfalls impose a need for 
additional irrigation, and. the soil is poor.    The fields used are 
often small. 

The central South, also called "the delta", includes all the 
states bordering on the Mississippi and its affluents (Missouri, 
Arkansas, Tennessee, Louisiana, Mississippi, Illinois and 
Kentucky).    Although rainfall is high, irrigation is used to 
improve yields.    Soils are light, deep and rich. 

The South-West, which covers all the jagged high plateaux of the 
South (Texas, Oklahoma).    Because of scanty rainfall, varieties 
must be chosen that mature early and are drought-resistant. 
Soils are fine, sandy, and moderately rich. 

The West (California, Arizona, New Mexico, Nevada).    This is a 
áry region with deep, rich soils which give high yields with 
the help of irrigation. 

Soviet Union 

Cotton growing is mainly concentrated in the Republics of Central Asia 

(Uzbekistan, Tadjikistan, Turkmenistan, etc.), but cotton is also grown in 

Transcaucasia (Azerbaijan, Armenia).    The climate is dry and continentalf 

•o irrigation is essential.    The soil, which is generally deep and rich, 

is sometimes too salty. 

The first species cultivated was Q. herbacemn. which still acoounts for 

much of the production.   Upland varieties were introduced around 1880, and 

Q. barbadense more recently. 

China 

Pive production areas can be distinguished» 

The Huanghe basin»    the main production area which account! for 
«tore than 50 per cent of the cultivated area«    Rainfall it 
•canty and badly distributed. 

The Yang-Tze basin»    rich alluvial plains with moderate rainfall. 

The North-West area (Xinjiang) t    irrigation ii necessary became 
of insufficient rainfall• 

The North-last area (the Laokai basin). 

The Southern area, with abundant rainfall. 

The traditional species are Q. herbaceu» and Q. arboreua.    The latter 

«• imported fron India more than a thousand years ago.   Uplands war« intro- 

duced im about 1850 but did not develop until after about 1930. 
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India 

Cotton has always been cultivated in India.   The producing areas and 

the main species are as follows! 

Northern area 

Northern Central area 

Southern Central area 

Southern area 

Western area 

Eastern area 

Q. hirsutum, Q. arboreum 

G« arboreum 

Q. arboreum, 0« herbaceum, G. hi r au tua 

G« hirsutuBi, G» arboreum 

G» herbaceum 

G* arboreum 

Some G« barbadenae can be found along the coasts (sea island, andre we). 

The local varieties, which are called desi, are mainly G. arboreum. 

About 60 per cent of the cotton area is planted with Q. arboreum and 

G. herbaceum. and 40 per cent with Q. hirsutum. G. barbadenae ia planted 

in negligible quantities. 

Pakistan 

The varieties grown in Pakistan are similar to those grown in India, 

but there is a greater proportion of Q. hirsutum, derivad from upland. 

BraziI 

There are two clearly separated production areas in Brazil!    the South 

(Sao Paulo, Parana and Ninas Gérais states) which provides about two-thirds 

of the harvest, with upland varieties, and the North-East where the main 

varieties are either perennial Moco-'   or herbaceous annual varieties.*' 

The provinces of lower Egypt (Nile delta) are planted with extra-long- 

staple varieties.    Long- and medium-staple varieties are grown in middle 

Egypt, and in upper Egypt only medium-staple varieties are grown. 

All the varieties belong to the species G. barbadense, which produces 

cotton that is well-known for its length, fineness and hard wearing qualities. 

2/   Derived fron a complex mixture of genes from Q. hirsutum (marie- 
galante ). G. hirsutum latifolium, and G. barbadenae bras iliense."" 

¿/   These are improvements of former varieties introduced from Afrioa 
or the United States. 
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Türkay 

The cotton areas are as follone!, in order of decreasing importancet 

Tchoukouroua (Adana), in north-east Cyprus 

Igaa (Iaair) 

Antalya, in north-west of Cyprus. 

0« herbaoeum (also called yerli), which was grown in Turkey for more 

than a thousand years, has now been almost completely replaced by upland. 

Sos» Q. barbadense say also be found. 

Mexico 

Host of the VJexioan varieties are uplands brought fro» the nearby 

United States cotton belt. 

Suds» 

As in Bgypt, most of the cotton grown in the andan is 0« barbadense. 

although sose upland varieties are grown without irrigation in the south. 

ru 

The sain variety grown in Peru is 0. barbadense. 

C   The physiology of the cotton plant 

Five phases oan be distinguished during the life of the ootton plant. 

(Legiere, 1966). 

The) sprouting phase 

The sprouting phase, fi-on germination to the tiaa the cotyledons unfold, 

lasts for six to 30 days, and requires both moisture and heat.    Hater must 

reach the embryo for the biochemical germination process to start.   Sven when 

water is present, germination does not start at temperatures below 14    0|    it 

is slow between 14° and 25° C, rapid and normal at 30° C, and hardly occurs 

above 40° C. 

The best coéditions are therefore a soil temperature of 25°-30° C and a 

soil humidity of 90 far °*&t saturation. 
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The seedling phase 

The seedling phase, from the time the cotyledons unfold until the 

plant has three or four leaves, lasts for 20-35 days.   Exchanges with the 

environment and cell metabolism are active«    They depend upon the soil and 

atmospheric humidity, temperature, light, and the physical and chemical 

properties  of the soil» 

The best conditions during this phase are a soil temperature above 

20    G, sui air temperature of 25 -30    C, and moist (not saturated) aerated 

soil« 

The seedling phase is of critical importance for the future development 

of the plant;    any lack of soil nitrogen will make itself particularly felt. 

The pre-flowering phase 

The pre-f lowering phase, fro» when the seedling has three or four 

leaves until flowering begins, lasts for 30-35 day" during which the seedling 

grows quickly.    The first flower bud usually appears 35-45 day* after 

sprouting.    Subsequent development is so fast that a new bud is formed every 

three days. 

Moisture, air and warmth are of cours« important, but the most important 

factor during this phase is soil fertility«    The more fruit-boaring branchas 

there are, and the longer they are, the more numerous will be the flowers« 

The number of flowers is therefore proportional to the sise of the plant« 

The flowering phase 

The flowering phase lasts for 50-70 days,   lach flower opens 20-25 day« 

after the bud forms«   The rate of flowering is aoœ le rated by a warmer and 

drier climate«   The growth of the cotton plant slows down from the beginning 

of the flowering stage. 

Pollenisation of the cotton flower usually occurs on the day the flower 

opens«   The ovary has two to six carpels, each of whioh bears eight to 

12 ovules« 
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The capsule maturation phase 

The capsule maturation phase lasts for 5O-8O days.    After fertilization, 

the ovary enlarges rapidly.    The fruit  is a mottled greenish ovoid, elongated 

or round capsule 2-5 cm long.    The surface shows many glands.    Each capsule 

contains  18-45 seeds, six to nine to a cell.    The seeds are rather large: 

7-12 mm long and 4-6 mm across.    They are ovoid or pearshaped.    Depending on 

the year and variety, 100 seeds weigh between 7 and I7 g.    The weight  per 

100 seeds  is called the seed index and is used to indicate the seed size. 

Cultivated cotton-seeds are covered with long fihres called lint. 

G. hirsutum seeds are also coated with a thick down of shorter fibres  called 

linters or fuzz.    Q. arboreum and Q. herbaceum are less downy.    G. barbadense 

does not have a secondary cover and after ginning - the separation of lint 

from 3eed - appears completely naked.    The  linters can be white, grey, green 

or brown.    The seed hull is black or brownish, hence the name "black seed" 

given to the G. barbadense ginned seed. 

During capsule maturation, water and light are most important.    For the 

first 21  days, the ground must be sufficiently moist for the nutritive sub- 

stances to migrate, but must not be saturated.    After the 21st day, sunshine 

is needed to speed up maturation and bring about dehiscence (the bursting of 

the capBule along the carpel suture lines).    The cotton fibres then fluff 

out and dry gradually with the seed. 

The temperature also plays a parti    in general, the higher the tempera- 

ture, the more lint there will be in the capsules}    the shorter and coarser 

the lint, the lighter will be the seed, the lower its oil content and the 

higher its protein content.    However, the effects do not always occur exactly 

in this way. 

Once the first capsules have opened, more flowers may open, thus 

starting a second flowering phase. 

D.    Cotton cultivation 

The method of cotton growing (Upends on the type of farming (extensive 

or intensive culture, small plots or large farms, etc.) and the stage of 

economic development of the growar countries.    In the United States, for 

example, cultivation is highly mechanised, while in Africa manual labour is 

the only means.    Elsewhere, the situation is an intermediate ones    the main 

work is done by machines and the rest by hand. 
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Crop rotation 

The cotton tree needs good soil.    With a tap-root that is 0.60-3 m long, 

it requires a deep and porous soil*    Since standing water is liable to cause 

disease, the soil must be well drained.    It must also be fertile, since the 

plant develops bushy vegetation within a few'months.    Cotton exhausta soil 

faster than many other crops. 

If the soil is very rich and fertilizers are used, crop rotation can be 

avoided, as, for example, in some areas of the United States.    Crop rotation 

is often resorted to, however, not only to maintain or increase fertility, 

but also to counter diseases and weeds.    In tropical areas, it is also a way 

to combat  leaching and erosion of the soils    the cotton plant, which covers 

the soil for only part of the year, does not perform this function. 

The choice of rotation system is a difficult one that involves many 

technical and economic factors.   One frequently used system is a three-year 

rotation of cotton with one year of leguminous plants and one year of cereals. 

Climatic conditions 

In the best conditions, the whole ootton tree cycle lasts 166 days»    in 

less favourable conditions, it amy last 205 days.    Sino« cotton is sensitive 

to cold, the temperature must not drop too low during the five to seven 

months of its cultivation, and must never fall below 5° C.   This means that 

ootton is geographically limited to tropical of subtropical regions, and early 

varieties must be selected for countries with oold winters (the Soviet Union, 

for example). 

Fertilization 

Nitrogen is the moat important element for the ootton tree, and the soil 

is often lacking in nitrogen,   ftt amount applied in the fora of fertiliser«*' 

varies from 40 to 200 kg/ha. 

Phosphorus defioienoy is the second moat common problem after nitrogen 

deficiency.    Phosphated dung provides some 20-80 kg of f^ per ha. 

when potassium is needed, 20-80 kg/ha are applied. 

4/   nitrogen fertili atra include urea and 
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Irrigation 

Irrigation is dispensed with where the climate permits.    This method 

of cultivation is called "rain growth". 

When the climate is dry and hot, irrigation is necessary to provide all 

the water needed or supplement inadequate supplies. 

Generally speaking, irrigated cultivation produces higher and more 

regular yields, and better-quality staple. 

Harvesting 

Seed cotton^/is harvested by machine or by hand in two, three or even 

four operations. 

Manual harvesting, formerly the universal method, ie still used in 

countries where labour is plentiful and cheap, or on small family plantations. 

Mechanical harvesting, which is being used more and more, has been 

developed for economic reasons i    efforts to reduce costs, or a shortage of 

labour.    The seeds thus harvested are mingled with impurities (capsulen, 

leaves, small branches), however, which must be removed afterwards, by 

processes that reduce the fibre strength*   Unripe capsules may also be picked, 

which entails economic losses*   Equipment manufacturers have tried to over- 

come these drawbacks, but without complete success.    Before the machines 

start work, defoliants are spread so as to ensure that the leaves do not mix - 

or rather mix less - with the seed cotton« 

There are two types of mechanical harvester! 

Strippers, fitted with rollers, brushes or rakes which literally ooab 

the plant and tear off the capsules (ripe or unripe) with a high proportion 

of waste* 

Pickers, on the front of which are mounted pins set in vertically 

mounted drues.   As the arums rotate, they turn the pins, which also rotate. 

The pins enter the ootton plant, and oatoh on the cotton of the open capsules. 

To make the fibres oatch better, the pins are moistened by a humidifier. 

Inside the machine, the fibres are taken off from the pins by a carder.   In 

SOM pickers, the pins are replaced by a suo ti on system or an electrical 

system that attracts the fibres on to electrically charged strips or fingers. 

2/   "Seed ootton11 is the seed complete with lint, as distinct from ootton- 
seed, which is the seed from which the lint has been removed by ginning. 
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The pickers*  output is about half that of the strippers but the seed 

cotton they harvest contains fewer impurities. 

Cotton peats 

There are many cotton pdsts, falling into two categories«    micro- 

organisms (fungi, bacteria, viruses), which are responsible for many cotton 

plant diseases;    and parasitic insects. 

In the humid tropical areas, diseases cause a loss of approximately 15 

to 25 per cent.-/    The percentage loss due to insects is not known, but it 

is certainly high. 

The means used to counter pests include pesticides, the introduction 

of entomophages or insect parasites, the destruction of waste and the 

burning of cotton plants after the harvest, seed disinfection, and crop 

rotation with a gap in cotton growing of at least a year. 

E.    World cultivated areas, production and yields 

As the economic value of the staple for textile purposes represents 

80 to 90 p#r cent of the value of cotton products, compared with 10-20 per 

cent for the seed, it is not surprising that international production statii 

tics are expressed in terms of lint weights. 

The following table, however, shows how the weight of a whole 

dehydrated plant is distributed on average. 

Table 1.    Weight in gran« and as a percentage of 
different parts of mature cotton plants 

Plant part Weight (grans) 

14.55 

Percentage 

8.80 Roots 

Sten« J8.26 23.15 
Leaves 33.48 20.35 
Capsules 23.49 14.21 

Seeds 38.07 23.03 

Lints 17.45 
TS5T30 

10.56 
1ÔÔ.00 

Flven in the United State«, losses were still estinated to be 
cent of production in about 1960. 
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It can be seen that the weight ratio of lint to seed + lint is 

31.4 per cent. An easy way of converting a lint yield into a total seed 

yield is to multiply the lint yield by three $ the yield of seed alone 

can likewise be obtained by multiplying the lint yeild by two. The results 

are only approximate, however, since the lint percentage in the whole seed 

depends on the variety and many other factors. The ratio is usually from 

30 to 43 per cent, with the following rangesí 

Variety 

Q. arboreum and 
0. herbaceum 

0, barbadense 

0. hirsutum 

Percentage 

30-33 

30-34 

33-39 
(40-42 for some varieties) 

Tablet 2, 3 and 4 show the movement over the last few yean of 

cultivated acreages, yield« and production in the world.   It can be seen 

that in 1976/77 (provisional figures), lint yield« in the mam producer 

countries were as follow«i 

SSÜ¿££ 
limali 
China 

Ifypt 

India 

Htxloo 

Mel eia» 
Peru 

Sudan 

Turkey 
United States 

USSR 

YUld 
(kf/S) 

239 

m 
739 

143.5 

972 

205 

633 

349 
776 

521 

897 

i   (Quarterly bulletin of the International Cotton Advisory 
CoBBltt««, Morid fettem Statistios, October 1977, 
vol.31t *©•• 2 and 3» 

mm^m 
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Converted into thousand ton« of lint, 1976/77 production (provisional 

figurai) of the main producer countries are therefore! 

Country Thousand tons 

Brazil 499 
China 2 363 

*«ypt 396 
India 1 084 

Mexico 221 

Pakietan 390 

Peru 67 
Sudan 152 
Turkey 470 

United Statee 2 296 

USSR 2 645 

Total for the 
11 countries 10 585 

World total 12 505 

t IM, 

The «lavan countries considered thus aocounted for 84*6 P»r oan* of 

world production in 1976/77« 

P.   Description and composition of cotton-eeed 

The complete ootton-eeed comprises the lint and the seed proper.   Unissi 

otherwise stated, the word "seed" will henoeforth he used in this ttudy to 

•san the seed cleaned of lint. 

The seed thus defined has torse sals ooaponeatoi 

The linter« (also called "fuzx") aado of all the short-fibres 
•till attached to the seed after ginning, 

The hull or spemoder», 

The kernel or embryo. 

The proportions of the three components depend upon the varieties, the 

growing conditions, the oliaste, the aoisture content of the seed, the s*ed 

aaturity, the storage conditions, the processes undergone, and so on.    Ne have 

_Aa 
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fiala 2.   Aran« plantad «near cotton, and lint yields 
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ffefcl« 2 (Cont'd) 
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Tabi« 3« Production of cotton staple 

(thousand bales) 

TEAR BEaiNìTDJa AUGUST 1st 
1Í7»' COMTOV 

tM«V IH*/ 1910/ 1011/ 1071/ 1*?V 1»7«/ 197»/ 
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Revised series. 

A.. 
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Tfcbl« 3 (Cont'd) 
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Tabla 4* Production of loaf and exti 

(thousand bales) 

-Ion« staple cotton 
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already fsaid that the proportion of linterB is zero for G. barbadense. 

3-5.5 Per cent  (sometimes even below 2 per cent) for G.  arborea and Q. herbácea, 

and 8-12 per cent  (sometimes reaching 15 P«r cent) for G. hiisutum. 

An abundance of international technical literature - going back to the end 

of the last  century, and continuing today for new varieties - provides informa- 

tion on the distribution of linters, hull and kernel  in cotton-seed.    The 

information is sometimes contradictory, but the usual  values,-^ for seeds with 

a 10 per cent moisture content,  are as follows (table  5): 

Table 5.    Composition of cotton-seed in 
linters, hull and kernel (percentage) 

hirsutu» 

arboreum and 
herbaceum 

Linters Hull Kernel Total 

at 

0. 

9.5-I2 
average 10.5 

4-5 
average 4*5 

0 

36-40 
average 38 

43-46 
average 44«5 

36-41 
average 38.5 

50-53 
average 51*5 

5O-52 
average 51 

59-64 
average 61.5 

100 

100 

£L barbadense 100 

It must be noted that  some authors determine the percentages with reference 

to the dehydrated seed weight, which may slightly affect the results. 

Me shall now examine the three components of the  seed. 

The Unters 

Like the lint, the linters are nearly pure cellulose (95-97 per centOC- 

cellulose).    Part (10-20 per cent) of the cellulose, however, is in the for» 

of unwanted oxycelluloses, which are easily detected because they are soluble in 

alkalis.    One must also reckon 0.2-1.5 P«r cerrt oilB •»* *«es soluble in ether 

or benzene, and 0.5-2.0 per cent ash. 

The hull 

The hull has three main constituents! cellulose, pentosans-' end lignin. 

The proportions depend on the same factors as ars «eirtioned above, but remain 

within the following limits (Murti and Aohaya, 1975)* 

7/   A few varietiss exceed the values, but they are exceptions. 

8/   Pentosans are the result of combining one «oleottle of glucoronic acid 
(in tte for« of a polyuronide) with 10-16 xylose »olecules. 



- 27 - 

L*¿£«fiiMl Avari 
o(-cellulose 35-47 44 
Pentosana 19-35 30 
Lignina 15-25 21 
Prot «ina 3.50 
Fata C.85 
Ash 1.80 

î&£jL!£&fi 

Subject to the sane eoamente on variâtione in proportione, and the causes, 

the figures below (table 6) show the uaual range of the two «oat important 

components of the kernel - oil and proteina.    The protein is obtained by Multi- 

plying the nitrogen content by the Kjeldahl coefficient  (6.25), or by other 
aethoda (HH, x 5.13). 

Table 6.    Oil and protein content of cotton-seed kernels 
(percentage) 

Oil Protein 

9t ttTft» 

9« ^tnmtff 

30-40 
average 35 

31-41 
average 36 

about 3¿ 27-35 
average 31 

about 32 29-37 
averag« 33 

36-42 
average 39 

31-38 
average 34*5 

Percentagea, of course, ara not the only factors   the aaad weight, 

indicated by the "seed index" (»eight of 100 seada, ranging from 7 te I7 greas), 

la also ia port ant, and so is the kernel/seed weight ratio.   All tasso factors 

ara variable and affect the oil and protein yields par hectare. 

The kernel contains other eoa ponente beaidea oil and proteins, out few 

studies have been aade of thea.    They include carbohydrates (approximately 

14 wr cent of dry weight), aade of sono-, di- and triaaccharidee, pectina, 

«astianee, heaicelluloaes and cellulose, out little or no starch.   The aain 
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carbohydrate is the tri saccharide raffino se, which account B for 5-10 per cent 

of dry weight.    The kernel also contains phosphorous derivatives (mainly 

phytic acid salts and phospholipids), Binerai substances, non-protein nitro- 

genous components, antioxydants,  and fat- and water-soluble vitamins. 

Many authors give the oil and protein percentages relative to the seed 

weight, without stating whether they are considering linters + hull • kernel, 

or only the kernel«    The results are very similar, however, since the linters 

and hull contain very snail proportions of those components. 

The following can be taken as average percentages} 

Table 7«    Cotton-seed oil and protein components (as percentages) 

Oil Protein 

Q. hlrtut« 

0. arborei» 

Q. herbactv» 

Q. barbadenae 

20 

18 

16 

24 

21 

16 

17 

21 

There is a considerable spread around then averages. 

The over-all composition of the seed is shown in table 8 below. 

Table 8.   General composition of the seed 

Constituent 
a* percentage of 

seed weight 

Mater 10 
Oil 20 
Proteins 20 
Raw oellulose 23 
Asm 4 
Other 
(carbohydrate!, •le. ) 

*3 
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Figur« 1 - Cowaonont îmFiwm *•***• for 100 kg of «eod cotton 

Seed cotton 

100 kg 

Lint Cotton-seed 

30 to 40 kg 60 to 70 kg 

Unter Itali Kernel 

0 to 10 kg M to J2 kg 

12 to 14 kg        12 to 14 kg 6 to 11 kg 



- 30 - 

Figure 1 recapitulates i he sain data on cotton-seed. Since the variations 

in percentages of the different constituents are very large, approximate limits 

can be given. 

The effects of individual influences on seed composition cannot be gone 

into in this study.    One of them, however,  seed maturity, is most important. 

Starting from the day of fertilization, the fresh seed weight  reaches a maximum 

in five weeks, but at that time the oil weight   is only 15 per cent, and the 

protein and total dry matter weight less than 50 per cent, of what they will 

be by the ninth week.    The seed should therefore be harvested at about the 

sixtieth day, at least if only these factors are considered,  since the oil and 
protein weights decline subsequently. 

0.     QOSSJPOI 

Qosaypol in the cotton-seed 

The cotton-seeds, and also the other part« of the cotton plant, are 

dotted with oval or spherical pigment glands with a major axis 100 to 400 JU 

long.    The glands are distributed irregularly in the kernel.    Thsy are 

enveloped in several layers of epithelial cells,  inside which are various 

pigments.    The main such pigment is gossypol, which is yellow in colour and 

accounts for 20-40 per cent of the weight of the gland and 95 per oeirt of the 
weight of pigment. 

There are other subitane.« iB the pigment gland, besides gossypol! 

gossypurpurin (purple)j    gcssyoeeruleum (blue), which is not a constituent of 

the raw seed hut appears during heating!    gossyfulvine (orange and very rare), 

which is found mainly in meeds stored in very damp conditions}    gossyverdurine 

(green)i    flavonidesj    anthocyanins (violet )j    carotenoidsj    chlorophyll| 
résinât etc. 

It is therefore understandable that the pigments give as orange/val lew 
colour to ta« cotton-seed oil end flour. 

Ooeeypol is insoluble in water,   «nan the pigment glands of a ground 

kernel are put into water, however, their nembramee break down rapidly, usually 

at a single point, and the pigments flew into ih« water, fren whioh they the« 
precipitada. 
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Gossypol is soluble in methanol, eihanol,   isopropanol, n-butanol, ether, 

ethylacetate, acetone, chloroform,  carbon tetrachloride, cold diexane, diethylene, 

glycol,  and pyridine}     it  is Blightly soluble in glycerol,  cyclohexane and in 

high-boiling (100 -110° c) petroleum etherBj    it   is insoluble in low-boiling 

(30 -60    C)  ethers.     It also dissolves in cotton-seed oil, alkaline solutions 

and certain salts. 

When solvents miscible with water (methanol,  ethanol) are used, the water 

breaks down the gland membranes,  and the gossypol dissolves in the solvents, 

with varying degrees of rapidity and yield, depending on the type and propor- 

tion of the products. 

Gossypol is a phenolic binaphthaldehyde. 

QOBBVEQI content  of various species 3f cotton-seed 

The classical varieties of cotton-seed all  contain gossypol, and this is 

why they are called "glanded cotton-seeds", to distinguish thea from the 

glandi e ss cotton-seeds, which will be dealt with elsewhere. 

The gossypol content depends on aiany factors, but is between 0.3 and 2 per 

cent of the seed weight. 

The content is generally lower in 0. herbacé«» than in G. hirgutum. and 

highest in G. barbadenae. but the test results are so contradictory that not 

too much reliance must be placed on this. 

The disadvantages of gossypol 

Colouring of the seed and product s derived from it 

Storage, especially when the  seed is camp (more than 10 per cent water) 

and its b ochemical processes generate heat,  leads to the formation of free 

fatty acids and the breakdown of pigment glands.     Gossypol spreadB throughout 

the seed,  oxidizes,  and combines with oil and proteins and darkens them. 

"Pink white discoloration", which will be  looked at  in chapter V, on 

:otton-st i cui, iu an associate! phenomenon» the eggs laiu by hens fed with 

<T.t1, i.n-si •• i f.'u'.t.'C nhow a at rangt; colouring after being stoii.-'l for some time - 

•I,     ..I.I'I       •-:..    | i tik.  or'   rvi,   and  In-  .y oli:   turns  brown or  OLL v.-givn.    This   it: 
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due to the combined action of gossypol and of two fatty acids present in anali 

quantities in cotton-seed (the cyclopropene acids). The latter modify the egg 

vitelline membrane of the egg, thus allowing gossypol to penetrate to the yolk 

and change its colour. 

The lowering of the nutritive value of proteine and toxicity 

Many works have shown that the less gossypol the cotton-seed flour con- 

tains, the higher its nutritional value. 

During the boiling of crushed cotton-seed, which is the first  step in oil 

extraction,  a bound gosBypol appears as the result   of a combination with the 

protein amino acids, and especially with lysine.-^ Thiß gossypol-bound lysine 

can no longer be assimilated.    Bound gossypol, moreover, reduces protein 

digestibility by inactivating the proteolytic enzymes. 

Once it  has appeared  in cotton-seed flour, gossypol ìB very difficult to 

get  rid of. 

Free gossypol also has a slightly toxic effect   (loss of weight,  etc.) 

upon non-ruminants and probably on man.    The effect  can be diminished or 

suppressed by the addition of ferrous salts or potash.    Gtossypol is well- 

tolerated by ruminants, however. 

Cotton-seed has long been eaten by certain African tribes, generally during 

famines or in the period« between food-crop harvests.    Serious oedema» have been 

observed, but most  of the ethnic groups concerned know how to inactivate gossypol 

partly by such cooking techniques as adding potash in the foia cf ash water. 

The separation of Pi—at «lands from ootton-setd 

Pigaent gland flotation 

The pigment glaad flotation process was developed at the Southern Regional 

Research Center (SUB) by Boatner»» group in 1946.    The group noted that the 

density of the pigment glands (1.26-1.38 g/ca3) wan lower than that of the 

extraglandular kernel tissue (1.40-1.43 i/o*3) »a* **• •»11m' «1-45 g/on ). 

They exploited these differences by disintegratine ootton-seed flakes violently 

in a slurry of hexane and Tarions other heavy solvants mixed in proportions that 

gave a resulting specif i o gravity of 1.378 g/on3.    As glands that float to the 

2/ The principal binding site im thought to be the fro«   &aaino-group of 
lysine. 
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surface can be mechanically separated free the oils and the gland-free tissues, 

which precipitate out.    The degree of comminution Bust be set carefully!    if it 

is too low, too much gossypol remains in the tissue;     if it is too high, the 

difference in density between the tissue and glands is too small for separation 

to take place.    Another difficulty is the need to use heavy solvents, which wer« 

high-boiling and toxic. 

Differential settling 

The disadvantages of gland flotation led Vix and his students to develop 

a differential settling process which depends on the fact that fine cotton- 

seed kernel particles (2-40/0 settle more slowly in a hexane suspension than 

particles of hull, pigment glands or kernel particles larger than 40/«- . 

Although the meal produced by the process has as low a gossypol content 

(0.006 per cent) as that produced by the flotation process, it was not 
economically attractive to industry. 

Air classification 

Air classification is a process developed by Meinke and Reiser.   Cotton- 

seed kernels with a controlled moisture content are ground, the oil is hexane- 

•xtrected, and the solvent-free meal is disintegrated in an attrition mill. 

The meal is finally air-classified.   Prom the original meal containing 1.08 per 

oast free gossypol and 50.6 per cent protein, air-classified cotton-seed flour 

containing 0.86 per cent free gossypol and 62.4 P«r cent protein has been 
obtained. 

Liquid cyclone process (LOP) 

nie liquid cyclone process, developed originally by Oast rock et al., 

•ad subsequently refined by Gardner et al., is the first eoonoaic and workable 

process capable of removing pigaent glands from ootton-seed to produce a gland- 

free, high-protein, edible flour.   It is applied to dehulled seeds that have 

bee» ground in hexane into snail partioules.   The pigaent glands do not break 

down if the meal has leas than 4 psr cent water«»'  The suspension is then fed 

T 
¿0/ Recent work has shown that the glands do not break down when the water 

oontent is well above 4 P«r cent, provided the water contains certain mineral 
•alta such as sodixa, aluminium, ammonium, cadmium or oopper sulphate)    or 
caloium, ferrous or magnesi« chlorides.    Sodimi sulphate is •apecially interest- 
ing, because it doea not affect protein solubility.    The LSF process can thus be 
employed with various acqueous solutions. 

„a— 
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into a cyclone tangentially under pressure.    This establishes within the cyclone 

a swiftly rotating body or vortex of fluid.    Centrifugal forces cause the heavy 

particles, which include the pigment glands, to move to the walls of the cyclone, 

while the light  particles and most  of the liquid are concentrated on its axis. 

Separation is then simple:    the heavy particles move to the bottom of the 

cyclone where they are discharged;    the bulk of the liquid, which contains the 

light  particles, moves upwards along the axis and is discharged through an open- 

ing at the top. 

A mill using the LCP process was built  in 1973-1974 in Lubbock, Texas 

(United States).    Using cotton-seed kernels as raw material, it works as 

follows: 

The cotton-seed kernels, which contain about one-third oil and two-thirds 

solids, are first dried to reduce the water content to below 3 per cent  so as to 

avoid rupturing the pigment glands during the process.    Drying takes place at 

about 80   C, because too much heat degrades the proteins. 

After drying, a pneumatic system delivers the kernels into a pair of pin- 

mills, which grind the kernels into particles 0.2-0.3 a» thick.    Finer grinding 

(at with flaking mills) would rupture the pigment glands. 

The milled kernels are then fed into a mixer, where hexane is introduced. 

The slurry is diluted to 45 per cent with additional solvent so as to facilitate 

separation in the cyclone. 

The slurry, containing 20-22 per cent  solids,-^ is agitated as it is fed 

into the cyclones.    There are two sets of double cyclones (each consisting of a 

primary and a secondary cyclone).    This arrangement increases throughout and 

produces better separation. 

The liquid cyclones classify the slurry into a gland-free fraction con- 

taining 13-15 per cent of high-protein solids, and a gland-rich coarse meal 

containing 43-45 per cent solids.    After adjustment of classification, the two 

fractions undergo different treatments. 

11/ This solids level is a compromise between the fluidity needed in ine 
cyclone, solvent costs, and yield. 
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The gland-free fraction is fed into a rotary vacuus drum filter that 

raaoves sort of the solvent.    During filtration, the oil content of the solvent- 

free aeal is reduced to about 0.6 per cent.    Residual solvent is removed in a 

rotary blenders    the cake in heated to 82° C, and nitrogen gas is injected to 

strip the regaining solvent  (which aust be below 50 ppm).   During stripping, 

the tes.pera.ture »ay be increased to 93° C for naxinua bacteria kill.    Because 

of the absence of water in the flour, the heating has little or no effect on 

protein quality or the colour of the flour. 

The flour is then cooled to 43° C and collected in druas with double 

polyethylene liner bags under sterile conditions.   The composition of this 

flour, which is intended for huaan consusiption, is given in table 9. 

Table 9.    Composition of cotton-seed flour intended for huaaa consumption 

Constituents Pero«atage 

Vater 3*66 
Oil 0.62 
Free gossypol 0.03 
Total gosarpol 0.12 
litrogon 10.54 
Protein (nitrogen x 6.25) 68.4O 
Available lysine, g/16 gl 3.W 
fibre 2.4 
Ash Î.54 
Residual hexaae (35 PP») 
Carbohydrates and otter 
constitua«! s 

17.23 

iottroti    Plains Co-operative Oil Mill doouaeats. 

tas gland-rich fraction contains 3-5 par cent gossypol, proteins, solvent 

(vita oil), aad water.   The diverted protein is leas than 35 par cent of tao 

total.   Tao slurry is pimped iato a teak for dilution «ita hexaae aad fro» there 

iato a oeeoad not of two oynloaea for further deasity sopara*ion.   The heavy 
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fraction fro* these cyclones is pumped into a nixing vai feeding a rotary 

vacuus filter.    The hexane is removed together with the oil.    The filter cake 

is freed of residual solvent, which is recovered, and is then ready to be used 

in cattle feed. 

The drawback of the process is that the low-gossypol fraction accounts 

for only part  of the kernel weight, as is shown in table 10. 

Table 10.    C asposit ion of the various cotton-seed fractions 
in hexane extraction 

100 kg of cotton-seed gives kg 

Lint ers 10 

»ill 38 

Oil 18 

Low-gossypol flour 18 

High-gossypol cake 13 

Source!    Plains Co-operative Oil Mill documents. 

Fro« a practical standpoint, an LCP plant for food-grade cotton-seed 

flour Bust be associated with a cake «ill, because! 

- Pood for human consumption requires high-quality raw material with 
a ainiaum of hulls} 

- The separation and recovery of hexane and oil are more economical 
when they are carried out in a larger mill's facilities» 

- The gossypol-rich by-product cam be combined with other animal 
feed «tuffs produced by the oil mill. 

The Lubbock mill was built with an initial daily capacity of 25 tons of 

low-gossypol flour«    The capacity cam be doubled subsequently. 

HWTl1 tf j°firf°* ÎTW cY^°t-ftff 9it 

Oossypol can be removed fresi cotton-seed oil by several chemical reagests. 

It is well known that the treatment of raw cotton-««ed oil with alkalis or 

alkaline salts removes not only free fatty acids («ami mm soap stock), but also 

gossypol.   It is reported that  soap stock obtained from cotton-seed oils in 
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India contain as auch as 20 per cent gossypol.    Otter chemicals used to 

remove gossypol fro» cotton-seed oil include sodium hypochlorite, p-«iinobenzoic 

acid, anthranilic acid, diethylenetrisnine, hydrogen peroxide, borax, 

p-a«inosalicylie acid, and sodium silicate. 

Removal or inactivntion of gossypol contained in cotton-seed cake 

Various agents can be used to renove gossypol fron cake, or inactivate it. 

The addition of 2 per cent   stearylanine to kernels during cooking in a 

high-hunidity environnent yields cakes with a level of free gossypol below 

0.01 per cent.    The cakes have good nutritional values and do not  cause any 

disagreeable coloration of hens*   eggs. 

Gossypol can also be extracted with ether enriched with acetic acid, or 

with other solvents (acetone-assotropic nixturea such as hexane-acetone-water 

or butane-acetone-hexane-water,  and additives, or a solution of ethanolanine 

in ethanoi). 

Gossypol can he inactivated by several ferrous salts, calcium hydroxide 
and potash. 

The development of «landless cotton-seeds 

Techniques for renewing gossypol fron cotton-seed flour have not become 

widespread, since they require complicated, higa-cost devices that do not 

renove the gossypol couplet ely. 

A nore attractive approach is offsred by glandi e ss cotton-seed, which 

appeared in 1959, *• * result  of work by the American geneticist Mdtichael. 

An enomous selection campaign began immediately to develop varieties 

suitable for the United States, and extensive research was done to determine 

their characteristics and advantages.   The work done at the USDA Southern 

Regional Research Laboratory in Mew Orleans and in the Pood Protein Research 

and Development Center at Texas A & II University deserves particular s enti on. 

The two genes now ussd by the geneticists who are developing glandless 

varieties were reported by McMichael and are designated gl2 and gly The first 

approach taken wan to use backcrossing.    It wan hoped that the glandless genes 
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gl„ and gl, could thus be incorporated into existing varieties and that 

within a very few yeaxB, all the United States cotton-growing areas would he 

planted with glandless varieties. 

This required further research work, which ìB still going on.    Ine 

original Gregg 25 V and Watson gl 16 glandless varieties were replaced by 

others whose fibre yields are practically the ease as those of the glaaded 

varieties grown in various areas of the United States (table ll). 

Table 11.    Fibre yields of glandless breeds and glanded 
controls in some iaproveaent programes 

(United States, 1975) 

Best glandless breed 
(lb/acre) 

Glanded control 
(lb/acre) 

Glandless breed yield aa 
percentage of glanded control 
yield 

671     994     842     960     647     804     735 

682     929     828     978     599     723     729 

96      107      102        98     108      111      101 

Sourcet    Buffet, 1977- 

The preference shown by sons (laut not all) species of insect for glandless 

varieties by soae insects is a Batter of greater concerni    the resulting 

differences in yield depend on several factors and aay be serious. 

In California, for exanple, the acala 68160 glandless variety giva* a 

yield 99 per cent of the acala average, unless it is attacked by Iarai. when 

the yield falls to 83 per cent if contamination is high. 

Outside the United States, Egyptian research produced a glandless variety 

derived from Q. barbadense called Bantin 110. obtained by treating Qi»a 45 

with radioactive phosphorus.    Bahtin 110 produces a less abundant crop than 

Qiaa 45. the ginning yield is 3 per cent higher, and the staple la aborter 

and weaker. 

The Indian Badnawar glandless (Bgl) and Indora glandless (igl) varieties 

are also »ore liable to attack fro« insects than the glanded BjdnjnjrJ^ oontrol 
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varietyj if insecticides are used, however, yields for at least BOBe glandless 

sub varieties (Bgl 6, Igl 68-1, I gl 68-2, Igl 68-3) are higher than those of the 

control. 

Other trials have also been carried out in Brazil, Iran, Mexico, and the 

Syrian Arab Republic, and in a matter of African countries. 

Generally speaking, glandleas varieties require more pesticides and aore 

careful surveillance so that rapid action can be taken against the insects, 

and other pests (rats, mice, rabbits, etc.). 

Care must also be taken that glandless seeds are not mixed with glanded 

seeds, and this implies strict organization at  every stage of seed production 

and processing. 

It must be remembered that for the producer, the seed is only a minor by- 

product  of the staple}    in the United States, for example, the values of 

cotton lint and seed produced per acre in September 1976 were (in dollar«)» 

Dollars/acre Percentage 

Seed 

Lint 

48.00 

312.00 

13-30 

86.70 

Total 360.00 100.00 

Although the absence of gossypol will reduce the cost of refining the oil 

and will peimit the use of cotton-seed protein for human and monogastric animal 

feeding, the increase in the value of the seed may not be a sufficient incentive 

for the fanner to strive to adapt. 

It may be hoped, however, that the breeders will manage to make the gland- 

less varieties more insect -re si st ant,  ao that their cultivation will spread 

gradually.    Developing countries that are short of proteins and grow cotton 

could also take steps to encourage the glandless varieties. 

The composition of glandless seed has been thoroughly studied.    Besides 

the fact that there is practically no gossypol (0.002-0.01 per cent) there is 

no significant difference between glanded and glandless seeds.    The oil yield 

of the glandless varieties is perhaps slightly higher. 
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ft«yUrtt for «PMypol content in cotton—ed protoot. 

Tfce WO/llHO^JHIClF Protein Adviaory Orw»p (PAG) hu set a autista «oasypol 

content for cotton-seed protein concentrates (delipidiaed flours) for hwu 
consuaptioni 

MMiM» Percenter of flour wiAt 
Total gossypol 1.2 

Free goeaypol 0.O6 

Taia rate has been usad M a baais for legislation in various countries. 

In India, for exaaple, the liait ie 1.1 par cent for total fossypol and 

0.063 Per cent for free gossypol.   USD* lowers the liait for aaxiatai free 
(otsypol to 0.043 P«r oest. 



- 41 - 

II.    STORACE, TRANSPORT AND GINNING OF SEED COTTON 

A.    Risks of deterioration during storage 

Internal or external biochemical changée nay seriously affect the quality 

of the seed at various stages: 

When it is still attached to the plant  in the field} 

During transport  and storage before ginning} 

During storage after ginning. 

Among the external changes - mainly mould contamination - one of the most 

difficult to deal with is the formation of toxins, which may persist  in cake 

and meal« 

Internal biochanical chames 

Internal biochemical changes manifest themselves by the release of heat 

ani an increase in free fatty acid content, which together cause the colour 

of the oil and meal to darken. 

The increase in temperature also lowers the quality and reduces the 

length of the staple.    The main factor responsible for the increase is molature} 

there is no increase if the seed contains less than 10 per cent water.    The 

hull is generally damper than the kernel. 

If seed is stored damp, its temperature can reach 55° C within ten days 

or so. 

The heat released coses from the combustion of kernel carbohydrate» and 

pemtosaMs in the hulls the proteins are not metabolised, but are partially 

hydrolised and dénaturât ed. The li poly sis of the oil causes, as has already 

bewm mentioned, an increase in the free fatty acid content. 

CctamiamtiOB by nioro-orenmlmmm 

Contamination by micro-organisms takes place only when the moisture 

content of the seed exceeds 15 per cent. 

The micro-organism* likely to attack the seed are either bacteria 

(jfjaghjaemaj) when the moisture content is very high, or, as is more often the 

oame, fungi, the two main species of which arm pénicillium and aspergi Hue 

(XmiZnt* la&sSnlt mafia* t «to.). 
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These micro-organisms, especially the fungus, cause a rise in fatty acid 

content. 

Aspergillus flavus is particularly dangerous, because it  secretes aflatoxin, 

a very dangerous carcinogenic substance that  is unaffected by subsequent 

processing and persists in the flours and oils. 

Aspergillus flavus contamination appears on the plant itself as a result 

of action by insects or high rainfall, at harvest time, or during storage.    The 

problem has been thoroughly studied for several  years.    There are four main waye 

to fight Aspergillus flavus: 

Preventing the growth of Aspergillus flavus mould in the raw materiali 

Using techniques to separate contaminated products from uncontaminated 
ones; 

Chemical treatment to inactivate the aflat oxin} 

Solvent extraction to remove the aflat oxin. 

The first method of inhibiting fungus growth is to harvest the cotton- 

seed when it is dry, or to dry it.    It is reckoned that there is no risk if 

the moisture content is below 10 per cent.    During storage, the temperature 

must be outside the range between 28° C and 37° C, which is the most favour- 

able range for Aspergillus flavus contamination.    The use of chemical agents 

to counter moulds (maleic hydrazide, or propylene glycol dipropionate mixed 

with 1,3 dimethyl 4,6 bis benzene) are not recommended, since the agents them- 

selves may be carcinogenic. 

Autoclaving of damp toxic cotton-seed cake can reduce the aflatoxin 

content, but the nutritive value of the cake may be affected.    Ammonia may 

also be used. 

Osone oxydation of cotton-seed flour for two hours destroys 90 per cent 

of the aflatoxin. 

An even more certain method is to extract  aflatoxin by polar solvents sacs 

as an azeotropic mixture or acetone-hexane-water,  2-propanol and water, and 

solutions of acetone or ethanol. 

»ich treatments entail additional costs which it must be possible to 

recover on the end-product. 
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B.    Handling and storage of seed cotton 

In the United States and other producing countries, it was normal practice 

to dry seed cotton in the sun after harvest - atmospheric conditions permitting 

by spreading it  on canvas or wattle mats.    The seed was gathered at the end of 

the day and stored in well-aired sheds for a week, during which time the low 

heaps were turned over at regular intervals. 

In the United States, this classical far« drying has been losing ground 

for BOOe forty years for the following reasons: 

- The development of mechanical harvesting shortens the harvest 
period}     so the seeds are delivered to the farm in vast  quantities; 

- In addition, because the average cultivated acreage has increased, 
it is difficult for the producers to keep large enough sheds; 

- The cost  of labour (if available at all) becomes prohibitive; 

- Farmers wish to be paid for their crops quickly, and try to 
dispose of the seed cotton as soon as possible; 

- Means of transport have also developed and make it possible 
to move the seed rapidly from the farm to the ginning factory. 

The seed cotton is moved from the plantation to the factory by trailer. 

If, when the harvest is at its peak, the factory is not equipped to store the 

seed cotton, the trailers may accumulate at the farm or the mill, and this 

can seriously affect the quality of the lin* and grain within only a day or 

two. 

If pallet trailers are used, fewer vehicles will be needed, but the time 

that passes before ginning is not rmduced. 

Norse still,  seed cotton absorbs moisture during storage from the green 

vegetable matter harvested with it.   This vegetable matter contains an average 

of 40-60 per cent water before the complete drying of the leaves and before 

the frosts. 

The traditional system for unloading seed cotton at the ginnery consists 

of a blower unit, a separator, and an automatic control unit.   The blower 

supplies sufficient air to a telescopic tuse to suck the seed cotton from the 

trailer, and the separator separates the seed cotton from the air stream.   The 

automatic control unit consists of a hopper, two vacuum wheels, and a metering 

device«    it enables the seed cotton to be directed to drying, cleaning 

end ginning units at the rate desired. 
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Another method eliminates pneumatic handling.    The trailer load is 

dumped into a large hopper and conveyed mechanically to the autonatic control 

unit. 

American ginneries that  are supplied with seed cotton in large volumes 

(for the reasons stated above) are increasingly inclined to dry it artificially, 

not only to avoid the risks of the fibre and seed deteriorating, but also to 

facilitate fibre renoval. 

A further reason is that  storing seed cotton before ginning later in the 

season may be a better economic alternative than building additional ginning 

facilities that would be used for only a short period each year. 

Research workers in the United States have studied the relationship between 

the atmospheric humidity and lint and seed moisture content, and also the effect 

of artificial drying at different températures on the properties of the lint and 

seed. 

Seed cotton is dried art if i cal ly only if it is damp and must be stored 

for some time before ginning. 

Drying can be done by forced draught at normal temperature, or by hot air. 

In the latter case, the temperature (70 -IO5   C) does little to reduce the 

moisture content  (it  is reduced by about 0.7 per cent only), but  inhibits the 

enzymes responsible for the formation of free fatty acids.    At about IO50 C, 

there is a risk that the protein may deteriorate, and temperatures above 90   C 

are apt to "cook" the lint, which reduces its strength and alters its properties. 

It is therefore better to dry twice with air at 63   C rather than once at over 

90° C. 

The best conditions for ginning are when the lint has a moisture content 

of approximately 7 per cent when it is separated from the seed.    This is why 

damp seed cannot be ginned satisfactorily without drying.    Drying can take 

place at various stage s t    in the drier before the meed enters the ginning cycle 

proper, or after a first cleaning in the feed-cleaner of the gin. 
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C.    QiBBint 

Preliminary cleaning 

After the first drying, the seed cotton iß usually pre-cleaned, so as to 

ran ove the impurities (bits of leaf, scraps of stem and bark, sand, dust, and 

so forth).    The machines used are drums (4-15 in number) fitted with pins or 

teeth and revolving on top of screens.    They are placed in series.    The machines 

not only clean the seed cotton, but also make it fluffy, which facilitates 

subsequent operations. 

When the seed cotton contains a large amount of sand, dust and unopened 

capsules, a special device called an "airline-cleaner" has to be used.    The 

cleaner opens most of the closed capsules and removes many of the impurities. 

Seed cotton is fed into the cleaner by a stream of air that is sometimes heated. 

The next  step is extraction, which completes the preceding cleaning opera- 

tions by removing the coarse impurities and the capsule waste.    Extraction works 

on the carding principlei    a large-diameter, slowly-rotating drum fitted with 

saw teeth picks up the seed cotton;    the stemB, straw,  empty capsules and other 

coarse foreign matter are then removed by smaller toothed drums around the edge. 

This machine, known as a "big burr machine" or "master-extractor", is particularly 

necessary when the seed is harvested mechanically (or carelessly by hand). 

The seed cotton can now be conveyed either to the dispenser which distributes 

it by an endless screw between the gin feeders (one dispenser feeds two to five 

gins) or into a second drying and cleaning cycle. 

In any event, when the seed cotton reaches the gins, it is cleaned again, 

since most gins are fitted with cleaner-feeders or cleaner-extractor-feeders 

that perform three functions!    mechanical or manual regulation of the feed rate 

into the gin, cleaning of the seed cotton by means of small spined or toothed 

drums, and sometimes hot air drying.    The units arm efficient enough to be able, 

on their own, to clean seed cotton that has been oarefully picked by hand. 

Ill illHtòM ^t If If 
There are two maim categories of giat 

JK. 
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Roller gins 

Boller gins are the older type«    They consist  of a roller, a fixed blade 

and a working Diade, the aoveaent of which separates the seed fro« the lint 

caught between the leather-clad roller and the fixed blade.    There are single- 

roller gins with two moving blades (double-action gins), and also two-roller 

gins.    The capacity of a two-roller gin is about I.5 tines that of the single- 

roller gin. 

Saw gins 

Saw gins have a auch higher capacity and are therefore used in aodern 

•ills, especially in the United States. 

The seed cotton coning fron the feeder enters a chasber the floor of which 

is aade of bars.    Inside the chaaber is a battery of saws rotating about a 

horizontal shaft.    The saws are toothed discs regularly spaced along the shaft 

and fi ral y attached to it.    Each gin has 60-120 saws rotating at 5OO-8OO rpa. 

The saw« run between the bars.    They bite into the bulk seed ootton, and catch 

the lint and draw it through the bars.    The bars retain the seeds, which are 

evacuated elsewhere. 

The lint is rsaoved froa the saws either by a brush dna, which rotates 

at high speed in the opposite direction, the tufts aeshing deeply with the saw 

teeth or by air blown tangent ially downwards to the saws ("air-blast  syst en"). 

The air-blast syst «a siaplifies the construction and aaint enanca of the gin, 

but the lint is lesa easy to reaove whan it is daap. 

It is also possible with saw gins to separate iapurities left over after 

preceding cleaning operations.    This stag« it called "noting" (upper ani lower)* 

Cowans« of rollar Una with saw alas 

Por the coapari 

accountt 

to be fair, the following variables mat be taken Uto 

Lint quality 

toiler gins produoe a liât that tanta to bo packed 

snail knots, «nil« aaw gin* produoe a fluffy lint, of a 

Saw glM aay out the staples and cannot bo uoed for 

wadded or te foin 

anifoiB quality, 

staples. 
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Lint purity 

Roller fisi break «any of the seede, which get sized with the list, 

while saw gina give a very clean list. 

Seed quality 

Saw-ginned seede are whole and elea», hot retai» Bore liniera. 

Capacity 

A saw gin has a capaoity som 27 tinea higher than a two-roller gin and 
40 tiaes higher than a eingle-roller gin. 

Material yield 

Loesea are greater with a aaw gin.   For exaaple, a roller gin will give 

31-34 par cent lint, compared with 32 per cost for a aaw gin, fro» the 
aeed cotton. 

Inveetaent 

A aaw gin corti far sera than a rollar gis.   It ia therefore logical to 

rm it lohgar, if poaaible fo*»r to five a oat ha a yaar, and thia entail« storage. 

For 1 kg of lint, the labour coat iB far levar with a aaw gin, but the 
Binden Mat be Bora akillad. 

Power 

A saw gin ueee aore power than a rollar fia, 

the oeet ia calculated per kilogram of list 
ta» the ooBveree ia trae if 

Maintenance of a aaw gin ie aore ooaplioated aaa 

aero expe&eive aparea. 
refttirea the of 
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T résinent of lit after ri»iit 

Cotton that has been harvested nechanioally cannot be perfectly citan 

after ginning}    BO "lint-cleaners" of various types are used.    SOM use only 

an air strea* to olean the lints    others coat it with a toothed dna. 

tines both devices are used successivi/, but aainly for low-grade lint. 

On leaving the lint-cleaners, the lint is blown into condensers that 
•tepe it into sheets, and is then pressed into bales. 



- 49 - 

III.    COfTOH-SBSD IN HJKâS BUT RIT I OK 

Malnutrition due to a lack of proteins, particularly aaong children, is 

frequent  in «any countries where cotton is grown.    For the last forty years, 

therefore, and especially since I960, people have thought about developing the 

use of cotton Beai as food.    Practical applications have been few, however, 

and relate to only a asall percentage of the cotton-seed available in the 

world.    Pioneering attempts have nevertheless shown that, provided certain 

technical conditions are set  (see below), such development is both desirable 

and possible with traditional seed containing gossypol, and particularly with 

seed that does not contain it. 

Seventy per cent of the world cotton-seed crop in 1973 was processed to 

obtain oil and cake; the regaining 30 per cent either goes directly, in the 

fora of whole seed, to feed mainante, or is used as fertilizer or fuel. 

Unfortunately, part of the cake is unsuitable for feeding aonogastric 

anisáis owing to the presence of free gossypol, the disadvantages of which have 

been mentioned above.    Such cake is even less suitable for human consumption. 

The following pages will show what Bust be done to improve quality and obtain 

an edible flour.    It Bust be reaeabered, however, that oil is considered to be 

the aain product of the Bills, aad that cake (or seal) is regarded a« a by- 

product.    The ailiers are therefore not auch inclined to improve oak* or acal 

quality»    aad are interested in doing so only if oil yield and quality are 

unaffected. 

A.   UadMirable constituents ia cot toe-seed flour 

Qosarpol aad if effect oa lysine content 

The aost undesirable constituent of flour intended for huaaa consumption 

froa BOW oa siaply called "flour" - is gossypol.    Free gossypol is toxic, aad 

gossypol linked to protein eaino-acids reduces tao nutritional value of tao 

acids, particularly by lowering the available lysine content**»' 

The Bore the kernels are oMked before extraction, the lower the free 

goasypol coat eat.   Excessive cookiag reduces the protein value, however, net 

only because gossypol biada with lysine aad other saino-aoids, but also beoaui 

¿g/ Other saiao-acids, 
partly unavailable. 

aa glutamic and aspartio acids, are alno 
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heat encourages other reactions,  such as the "Maillard" reaction, which binds 

sene glucides to the amino-acidst    the kernel raffinóse has a particular tendency 

to bind with lysine.    Consequently, during the cooking that precedes oil 

extracting, a coœpromise Bust be found whereby the percentage of free gossypol 

is reduced as far as possible without degrading protein quality too far. 

It was mentioned in chapter I.G. that various processes can be used to 

extract  or chemically inactivate cake gossypol.     Some of these processes can 

be applied to the flours, but  it  is not  always necessary to do so,  since suit- 

able precautions can be taken to obtain flours  in which the free gossypol and 

total gossypol contents are quite satisfactory. 

The use of gossypol-free seeds ìB a better solution technically and has 

a promising future.    It must be noted, however, that there is still a need to 

avoid any overcooking that might cause "Maillard" reactions. 

It is interesting to note the available lysine content of cotton-seed 

proteins in relation to the oil extraction process used.    Calculated as per- 

centage of protein by the Kjeldahl method (nitrogen quantity x 6.25),  the 

content is as follows! 

- About 4>5 per cent  in the kernel itself—«/ before extracting (according 
to the authors, the range is from 3.2 to 6 per cent, but  an average 
value of 4«5 Per cent  seems the most  likely).    This reference level can 
be used to measure the effectB of subsequent  processing} 

- From 2.5 to 3 per cent  in cake or meal from which the oil has been 
extracted by continuous screw press; 

- Prom 3.1 to 3.6 per cent  in cake or aeal frc« which the oil has been 
extracted by solvent  (hexane) after screw pressing} 

- About 3.4 per cent in cake or meal from which the oil has been extracted 
directly by hexane solvent extraction} 

- From 3.7 "to 4.4 per cent  in cake or aeal fro« which the oil has been 
extracted by azeotrope-acetone-hexane-water extraction. 

These percentages show that there is little hope of arriving at a lysine 

content greater than 3*6 per cent when the oil is extracted by screw press, 

while it rises to 4-4 per cent if certain solvents alone are used, provided 

that proper precautions are taken during the prior processing steps. 

13/ In this respect, there is no significant difference between species 
of cotton plant. 
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The percentage of available lysine which depends upon ita association with 

gossypol and also with the flour glucides, is a fair index of the nutritional 

value of the cotton-seed protein.    The value can be measured by different 

methods, the most usual being to compare the increase in weight of young rats 

fed on casein with that  of rats fed on the proteina in question.    A protein 

efficiency ratio (PER)  is thus obtained, it being assumed that the PER of casein 

is 2.5.   Cotton-seed protein has a PER of I.5 to 2.2 and is correlated with 

the available lysine content.    An additional proof is that the PER can be 

increased by adding lysine.    This proves that  lysine is the first limiting 

factor. 

The other limiting anino-acids in cotton-seed protein are isoleucine, 

methionine and threonine, as will be seen later (see table I4). 

Undesirable constituents other than goasypo^. 

There are numerous undesirable constituents other than gossypol.    They 

include pesticides, solvents, machine lubricating oils, toric vegetable particles 

gathered with the cotton-seed, anatoxins (see chapter H.A.), bacteria, insect 
scraps, and rodent hair. 

There are also two cyclopropenic acids (nalvalic and sterculic) which, 

together with gossypol, cause the colouring of egg yolks (see chapter I.O.), and 

•ay be found in the flour if the oil content is above a negligible level.   Their 

toxicity for man has not been clearly established but it is preferable to remove 
them. 

*•   rr*Çt¥UPM to U taken to obtain «ood-uaiitv ñnn 

Ht ffitHf tí ?m?i-ttf4 
It is obvious that the raw material must be of first fuality.    A document 

entitled "Cottonseed protein concentrate", drafted in I965 by the Protein 

Advisory Group (PAO) of «HO/FáO^iriCIF and revised in I97O, suggests that flour 

for human consumption should be produced from high-quality cleaned cotton-seeds, 

with less than 1 per cent foreign matter (including seeds of other species), 

less than 10 par cent moisture, and less than 1.8 per cent free fatty acids in 

the oil analysis.   The proportion of bleached kernels should not exoeed 5 per 
cent • 
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GoBsypol ìB not mentioned here (it will be covered later, in connexion 

with the finished product), but it ìB advisable to use seeds that  do not 

contain too auch gossypol. 

For aflatoxin, PAO assimilât es cotton to other prot eaginous planta»    there 

should be none detectable, which implies a liait  of 30 ppm (30 mg/kg). 

The treatment undergone by the cotton-seed after it has been separated 

from the staple will be dealt with in chapter IV.    A brief description is given 

here to provide comment relevant to meal. 

Storage 

Particular care must be taken with storage so that the moisture content 

remains below 10 per centi    artificial drying might be necessary. 

Cleaning, delinting 

These operations must be carried out more thoroughly than usual, 

therefore advisable to install additional cleaning machines. 

It is 

Dehulliiut and hull séparation 

Traditional machinery is used but must be adjusted so as to remove the 

hulls as completely as possible.   This has an economic disadvantage, however, 

since an excessive proportion of the oil is removed with the hulls. 

The percentage of hull remaining is one of the factors that  affect the 

final protein content of the product.   United ¡States cotton-seed cake intended 

for non-ruminant feed generally contains 41 per cent protein, but  a proportion 

of 43 per cent and even more can be found.    For flours from which practically 

all the hull scraps have been removed, the minimum protein content is 50 per 

cent  (see chapter III.C.). 

The crushed cotton-seed kernels, which will be simply called "meal" where 

there is no ambiguity, have to be dampened if their moisture oootemt is below 

10 per cent.    The final humidity must not exceed 12 per cent. 

The flakes should preferably be less than 0.254 mm thiok. 
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As has already been mentioned, the best conditions for cooking meal 

represent  a compromise between a desire to get  rid of the free gossypol and a 

concern not to degrade protein quality.    A good method is to raise the moisture 

content of the flakes to 12-14 per cent and heat the« rapidly to 93    C.    The 

cooking time depends on the oil-extraction processi    75-85 minutes for press 

extraction,  or 30-40 minutes for pre-pressing followed by the use of a solvent. 

The temperature on completion of cooking must not  exceed 110° C. 

The foregoing applies to traditional cotton-seeds.    With gossypol free 

seeds,  le3S heating is required, because there is no free gossypol to remove; 

so a lower temperature can be used, and this degrades and colours the protein 

less. 

Oil extraction 

Hydraulic presses - very seldon used nowadays - and screw presses inactivate 

most  of the free gossypol but also reduce the nutritive value of the protein 

considerably because of the pressure and the excessive temperature.    This is 

clearly shown by the low available lysine content.    AJí acceptable flour can be 

obtained only if there is a large Mount of water left  in the meals, as a result 

of which the flour has a high oil content  (6.5 per cent, for example).    This 

affects profitability adversely, since the prime aia of milling is to produce 

oil. 

Oil extraction by pre-pressing followed by solvent action leaves very 

little free gessypol and oil in the flour, and degrades the protein less.    It 

is therefore more suitable for flour production, although, as has been seen, 

the lysine is still partially bound. 

It was long thought that direct solvent extraction did not remove sufficient 

free gossypol and was therefore suitable only for glandlesa seeds.    It 

was acknowledged, however, that the protein value was well preserved.    Since 

I960, much research work has been done on the subject.    A process developed by 

the Southern Regional Research Laboratory (SRRL) in New Orleans (United States) 

uses an acetone-hexane-water aseotropic mixturej    the Vaccarino process used in 

Sicily (Italy) used acetone alone.    Both processes renove nearly all the free 

gossypol, without degrading the protein.   The available lysine content is alnost 
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the same as the protein content of the kernels before processing.    There is 

very little residual oil in the flour.    However, the SRRL method has been said 

to give a bad taste to the flour.    It also requires so>e adaptation of plant, 

since mills extracting oil by solvent uBe heiane, and it is not clear that the 

higher sale price obtained through the improvement of oil and flour quality 

offsets the additional investments.    Consequently, neither the SRRL procesa 

nor the Vaccarino process has had much success (except in Italy for the latter). 

See the  LCP process described in chapter I.G.). 

Cooling, grinding and screening of cotton-seed flour 

The flour is cooled for several days before grinding. 

Grinding, together with the subsequent  screening, makes it possible to 

adjust the proportion of hull fragments to the desired level.    It emploies 

the hulling, which cannot reduce the hull-scrap content of the meal to below 

10 per cent without lowering the yield excessively (some oil and meal parts 

are removed with the hulls). 

Grinding is done with traditional machines running at normal or slightly 

faster than normal speeds.    Hammer mills seem to be the most appropriate and 

consume less energy than attrition mills, although this depends on the percentage 

of residual hull. 

Pine screening is difficult when the flour contains more than 3 per cent 

oil. 

Some grinding machines employed in the United States use differential 

separation by air stremi.    The results are more satisfactory than the«« of 

screening, provided there are mo linter fragments that could be sucked mp with 

the flour (although they ©an be removed by a final screening). 

C   Characteristics of the flour 

Tltf fftff f*Wr*iráf 

This text, of which the part concerning raw material is oit ed la scotio* 1 

of this chapter, stipulate« that the processing mill« must comply with the 

usual sanitary regulations governing the manufacture of food for hiiam ooaawmp- 

tiom. 
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The oil extraction processes Bust be suited to the production of flour; 

the temperature, in particular, Bust be carefully controlled so as to destroy 

or inactivate gossypol while degrading protein quality as little as possible - 

during the process, it  should not  exceed 121    C  (25O   F). 

The solvents must be free of chlorine and must be consistent Mit h the 

list of solvents permitted in the food industry.    Lubricants also should be 

free fron chlorine products. 

Sodium proponiate nay be used as fungal inhibitor only if the residual 

content in the flour is less than 0.3 per cent. 

The standards for flour composition are as follows! 

Mater 

Oil 

Free fatty acids 

Proteins (N x 6.25) 
14/ Soluble proteins*3' 

Total gossypol 

Free gossypol 

Available lysine 

Maximum lOjt of flour weight 

Maximum 6)6 of flour weight 

Maximum 1.8)1 of oil weight 

Minimum 50)1 of flour weight 

Minimum h% of protein weight 

Maximum 1.2)1 

Maximum 0.06)1 

Minimum 3.6)1 of protein weight 

Other recommended characteristics arel 

- Io odour of mould or solventi 

- Under 20,000 bacteria per gram, and no pathogenic variât ios 
(M* Colii salmonellas, etc.); 

- Mo insects or fragments of insect, no rodent hair or excrement; 

- Maximum 0.1 per cent extraneous minerals (sand, mud, etc.); 

- Under 0.03 ppm (30 mg/kg) afl«toxin; 

- The flour should be packed in protective material (multi-ply kraft 
paper coated with polyethylene, for example)* 

14/ The soluble protein content provides an indication of the intensity of 
heat treatment and the loss of nutritional values   the higher the solubility, 
the lower the intensity and loss. 
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Available flours 

There are few cotton-seed flours on the aarket, but »any experiaental and 

comercial trials have been «ade which show that the industrial production of 

flours Meeting the above standards is possible, provided the precautions 

mentioned earlier are taken. 

It is easier to produce acceptable flour by solvent extraction, with or 

without pre-pressing, than by screw-press extraction, but production is possible 

even with the latter process. 

Examination of the various points of the standard shows the following! 

There is no difficulty in Maintaining the «o i sture content under 
10 per cent.   The average is 7-9 per centi 

The 6 per cent aaxiaua oil content is justified by the need to avoid 
rancidity.    Screw presses produce flour containing about 4 per cent 
oil;    solvent processes reduce the oil content to 1 per cent; 

The protein content varies according to the seed variety and the residual 
percentage of hull scrap.    It often exceeds $0 per cent and Bay be as 
Buch as 65 per cent) 

The liait for total gossypol content  seeas to be rather high, but once 
the linters, hull and oil are removed, the kernel usually contains 
O.7-I.5 Per c*nt gossypol;    so not all processes are suitable.    Glandless 
seeds are clearly the best raw aaterial; 

The liait of 0.06 per cent for free gossypol is essential, because it 
is a protection against toxicity; 

The lysine content required iaplies oil extraction by solvent. 

The best cotton-seed flours, fron traditional or, better still, glandless 

seeds, are light in colour, have hardly any odour, and aee-t the PAO requirements. 

They contain 2-4 per cent of raw fibre, 6-10 per cent ash - of which the aain 

cations are phosphorus and potassium - and a useful mount of group B vitaains. 

The other components (glucides, «to.) hair« not yet been studied fully. 

»•   nutritional irai«« of aian-cn»aUty flour 

He snail now compare the «nino-acid composition of a high-quality ootton- 

seed flour (glandless seed and/or solvent oil extraction only) with that of 

•ova flour (also of high quality) and two r«fer«noe «nasal proteinst    «gg-vaite 

«ad casein (table 12). 
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Table 12.    Protein co»poBitionr*   of cotton-seed flour compared 
with that  of soya flour, egg-white and casein 

Estant ial 
essential i 

and 
nino 

B«B1- 

-acids 
Cotton-seed 

flour b/ 
Soya 
flour Egg-white 

Casein 
(cow* s ailk) 

Arginine 11.2 7.0 6.3 4.1 
Cysteine 2.0 1.2 2.5 0.4 
Histidine 2.7 2.8 2.7 3.1 
Isoleucine 3.9 4-7 7-2 5-8 
Leucine 6.1 7-9 8.5 9-2 
Lysine 4.2 6.3 7.0 7-6 
Methionine 1.5 1.3 4.1 2.8 
Phenylalanine 5.2 5.3 6.1 5.4 
Threonine 3.4 3.9 5-2 4.5 
Tryptophan 1.4 1.3 2.0 1.3 
Tyrosine 3.2 3.8 4.6 5.7 
Valine 4.9 5.0 8.8 7.1 

a/ Weight is 100 g of proteins - X x 6.25. 

y Values indicated by Bailey, 1946. 

It can be seen that cotton-teed proteins contain less lysine than the two 

animal proteins and also than soya flour.    However, they contain «ore lysine 

than cereal proteins, for which the avers«« lysine content is as follows (in 
percentage«)t 

Wheat Barley Outs Rye Mali« Rice Sorghun 

2.3 3.5 3.7 2-9 2.9 4.1 1.6 

Cotton-seed proteins are also deficient in methionine (like soya flour, 

in which methionine is the first limitine factor), isoleucine and threonine. 

Many authors have studied laboratory or fan animals, and also man, to 

establish the nutritional value of cotton-seed flour supplemented with certain 

snino-acids (mainly lysine and methionine) or mixed with other, proteins (soy* 
or ceres?, for example). 
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The studies show that the nutritional value of cotton-seed flour is lower 

than that  of soya flour, but  adding lysine or mixing with soya flour produces a 

product that  is generally satisfactory for infant   feeding. 

Everything depends, in fact, upon the grounds chosen for comparisonl 

there is no doubt that milk proteins are the best,  but many tropical countries 

do not produce enough milk proteins and cannot  afford to buy them.    If those 

countries grow cotton, they may have an additional  source of proteins that 

considerably increases the nutritional value  of cereal flour. 

The foregoing is illustrated by three  examples of applications. 

Inclusion in bread 

Much research has been done on this subject   (Rooney et  al.  (1972), 

Matthews et  al.   (1970), Tsen et al.  (I971),  Harden and Yank (1975))«    Harden 

and Yank replaced 18.8 per cent of wheat flour by cotton-seed flour of two 

different  origins - glandless seeds and LCP seeds.    The resulting bread con- 

tained 20 per cent  protein compared with 10  per cent for ordinary bread.     (The 

water content  of bread is 20-26 per cent by weight).    The enriched bread was 

very similar to whole-meal bread in its dark colour, its rough and compact 

texture, and high density.    It produced a faster weight increase in young rats 

than ordinary bread. 

Improvement of Borghug flour 

Sorghum, which is the third most important of world cereal resources, 

after wheat and rice, contains proteins of low nutritional value because of 

the lack of lysinel    Pomeranz (I966) and Bookwalter (1971) showed that the 

addition of soya flour improved both the quality and quantity of the proteins; 

Bookwalter, Warner and Anderson (1977) subsequently tried the addition of 

cotton-seed flour and produced a satisfactory increase in nutritive value, 

albeit a lower one than that produced by soya flour. 

Inclusion in mi list pap 

French workers at 0R9F0X (Office de la recherche scientifique et technique 

d'outre-mer) studied in Chad the physiological effect of adding cotton-seed flour 

to millet pap fed to babies.    It appeared that the mixture was accepted, well 

tolerated, and produced better growth. 
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A great  deal  of other work has been done in various countries (by INCAP 

in Central and South America,  for example),  but to describe it would add little 

useful information for this global survey. 

» 
-t 

E.    Protein isolates 

When the protein content of flour is increased to over 90 per cent an 

isolate is obtained. 

The usual  extraction process consists in washing the flour with water so 

as to remove  soluble matter, dissolving the residue in an alkaline medium  (with 

the help of soda), and precipitating the isolate by acidification. 

The properties of the isolate depend on the processes used, as various 

studies on the subject have shown. 

Pro« 1969f Berardi et al. demonstrated that  cotton-seed proteins consisted 

of two fractions!    a water-soluble fraction that  precipitates at pH 4, and 

represents 30 per cent of the total nitrogen, and a water-insoluble fraction, 

which becomes soluble in an alkaline sodium (pH>9)t *nd can then be precipitated 

at pH 71 representing 60 per cent of the total nitrogen. 

Pigure II  shows the curves of solubility as a function of pH for each 

fraction and for the two fractions together. 

The distinction is important, because the soluble proteins of low molecular 

weight have a far higher nutritive value than the insoluble proteins, owing to 

their higher lysine and sulphurous snino-acid content (as table 13 shows).    On 

the other hand, the insoluble fraction, which is derived fron the seed's reserve 

proteins, is -v good functional additive, especially in bread-manufacturing, 

where it hardly changes colour anil texture, but has the unusual property of 

dissolving in an acid medium, which makes it possible to include it in acidified 

drinks. 
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Figur« II*   Cotton-tMd protein oolubility 
M » function of pH 
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Table 13«    Aainograas of the two protein fractions of cotton-seed 

Essential and seai- 
essential aniino-acidf Soluble proteins Insoluble proteins 

Arginine 

Cysteine 

Histidine 

Isoleucine 

Leucine 

Lysine 

Methionine 

Phenylalanine 

Threonine 

Tryptophan 

Tyrosine 

Valine 

10.4 

2.6 

2.6 

2.6 

5-1 
6.0 

1.7 
3.7 

2.9 

T 

3.3 

3.3 

11.3 

0.3 

3.0 

3.1 

5-8 

3.0 

1.0 

6.3 

2.7 

T 

2.6 

4.4 

Source»   Martinez et al«. I970 

Table 13 shows that the soluble fraction contains almost as auch lysine 

as soya flour and «ore sulphurous aaino-acids (stet hi onine/cyst eine).    Its 

protein efficiency ratio reaches 2.3*    The authors describe the extraction 

process as follows! 

If a single step ia used, the proteins are dissolved in a diluted soda 
solution (pH 9.85)1    precipitation at pH 5 than produces a sdxture of 
the two fractions. 

If the fractions are to be separated, however, two steps are required. 
First, the soluble proteins are dissolved in water (pfi 6.7) and 
precipitated at pH 4*    The insoluble fraction is Bade soluble by 
adding soda (pH 9.8) and precipitated at pH 7.    The insoluble proteins 
can also be precipitated at pH 3 by using their ability to fora 
insoluble coapounds with calcium ionsi    an acid and calciua chlorate 
are added. 

Cotton-seed isolates usually contain 93-98 per cent protein, calculated 

by the Kjeldahl aethod.    Mien the seed used is a glandi e ss variety, the colour 

Is light - although darker than soya or groundnut isolates - and the flavour 

•light. 
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P.    The use of corti op-seed protein in food for human consumption 

Although there is a market for cotton-seed flour,  few firms are interested 

in it.     In the United States,  several varieties with a protein content  of 

55-65 per cent  are sold for use in "bakeries.    In Italy, flour obtained by the 

Vaccarino process is Bold on the hose market  and to some extent  abroad. 

The Nutrition Institute of Panana and Central America (INCAP) has also 

been studying, for so»e twenty years, various mixtures containing cotton-seed 

flour, called Incaparina.    Several formulae have been prepared under that name 

for mixtures of cereal flours (rice, maize, sorghum, corn, and others) with 

cotton-seed flour, soya flour or both (table 14). 

*»*le 14-    Incapanna formulas 

Throe Incaparina formulae 

Coaponents im g/lOO g Mo. 9 Ko. 14 He. 13 

Pre-cooked cereal flour 58 58 58 
Prot sia concentrates 

Cotton sssd cane oat rate 36 - 19 
Soy» concentras« - 38 19 

Additiv.si 

Torula yeast 3 3 3 
Calcita oarboaate 1 1 1 

TOTAL AMOLW 100 100 100 

Scure«!   PAO. 

The protein content ranges fren 25 to 28 par oast. 

IJCAP docs not nanufacture Incaparina. but liosnnas the fomulM to 
companies. 

frmnl PTt^ic^_6linriM«rit»io« 

Cotton-seed flours, concentrnt«s 
purposes, functional purposes ( 

conservation, etc.) or both. 

and isolate«** ^ », u#w| tw m^TiUr* 

of foot texture, 

15/ Though the floors are themselves protein canee** ratee, the tem is 
»eually applied to floara that contai« aera than 50 par cent protein - whioh 

in practice 50-70 P»r cent. 
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The nutritive value has already been indicated. 

As far as the functional  properties are concerned,  it will be noted that 

cotton-seed proteine i 

Retain water (cotton-seed concentrate absorbs 2.5 times its weight 
of water) but  less so than soya (soya concentrates and isolates absorb 
five to  six times their weight of water)  or groundnut  proteins; 

Are less  soluble than soya proteins:     solubility depends,  of course on 
the pH,  and is different  for each fraction; 

Are consequently somewhat   viscous and may produce gels  (as a result 
of their water retaining and solubility properties),  but to a lesser 
extent than soya proteins; 

Absorb oils to almost the  same extent  as soya proteins (the concentrate 
retains I.5 tunes its weight  of oil); 

Enulsify fats better than soya proteins,  which i e a potential 
advantage in meat preparations such as sausage fillings. 

It  is difficult to obtain a ver;   light  colour.    The flavour is fairly 

neutral.    The residual lipids,  which oxidize in storage,  are responsible for 

rancidity and a dark colouring;     the quantity present  should be as small as 

possible. 

Applications 

Baking, biscuit-making and pastry-making 

The American Institute of Baking has made a series of trials for including 

cotton-seed concentrates and isolates in bread to replace cornflour and/or 

skimmed «ilk powder.    Added in amounts of 3 per cent, 2.6 per cent and l.b per 

cent  respectively, cotton-seed flours, concentrates and isolates gave results 

equal to those of 3 per cent  skimmed milk powder, provided the kneading time 

was reduced.    Higher substitution levels around 10 per cent  also produced 

acceptable bread with flour and. concentrâtes« but with bromate added.    With 

cotton-seed isolates, however,  10 and even 15 per cent added, without  bromate, 

gave a good bakery-quality bread. 

Some United States bakeries add very aaall quantities of cotton-seed proteins 

for functional purposes (to retain water and improve the crust colour, for 

instance) as a substitute for skimmed milk powder.   For sues uses, the nutri- 

tional value is irrelevant. 
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Soviet research workers have Bade similar studies« 

Cotton-seed proteins can toe added to dough products other than bread. 

Tests have been made wit hi 

Biscuits, which have as a result a protein content of 10-18 per cent} 

Doughnuts, to use the ability of protein in general, and cotton-seed 
protein in particular, to fix fatsj 

Snack foods and breakfast cereals. 

In such products, up to 20 per cent of cotton-seed protein concentrate 

can be used as a substitute for cornflour. 

Other cereal products 

Incaparina can be consumed in colada, a fine gruel much liked in 

South america, in cakes, soups, etc., and in the drink known as atole. 

In Israel, a cotton-seed concentrate and cornflour mixture that contains 

35 per cent protein is used as a baby food after sugar and water have been 

added. 

In Chad and Cameroon, 0K9T0M has tested rissoles, paps, doughnuts, noodles 

and sauces that use cotton-seed flour as an additive to local cereals 

(particularly sorghum). 

In certain other countries, such as India, Pakistan, and Peru, formulation 

tests have been made for baby-food flours containing cottoii-Beed proteins. The 

work does not seem to have gone much beyond the laboratory stage. 

Neat products 

Cotton-seed protein ha« poorer gelifying properties than soya-bean protein, 

but its emulsifying properties are better.    Its functional usefulness dependí 

om the application. 

It can be e«sily texturised by original techmiques which are neither 

extrusion nor drawings    in a single-step operation, with heating to 80°-90° C» 

pH adjustment and thorough agitation, mixtures of cotton-seed proteins • lipids • 

carbohydrates + flavour« oam be obtained «SOM consistency is like that of meat. 

Extrusión io also possible ami is being studied. 
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Other products 

The fact that reserve proteins, which represent the main fraction, are 

soluble in an acid medium has prompted some research workers to use the«, at a 

maximum level  of 'J per cent,  in fruit drinks.     However, the low nutritive value 

of the fraction and the anali amounts used make the addition rather uninteresting. 

Cotton-seed protein is sometimes used in confectionery as a moisture- 

retaining agent. 

G.    Conclusione 

Less than 10,000 tona of cotton-seed flour is used for human consumption 

throughout the world each year.    This is very little, especially in view of the 

size of the protein shortfall in many countries that grow cotton. 

The obstacles are technical and economic, and also psychological. 

Pirat, for cotton-seed flour to be acceptable for human consumption, it 

muet, as has been seen, meet requirements that  it is not always easy to comply 

with.    For instance, th« propar available lysine content can be obtained only 

if the oil is solvent-extracted, although in many countries only mechanical 

means («crew or hydraulic presses) are used.    The machinery must therefor« b« 

changed.    Olandless seeds may in time improve the situation, but they are set 

yet widely grown. 

Second, cotton-seed flour must be competitive with soya flour, «mica is 

produced industrially on a far larger scale and has a higher nutritive value. 

This has already been seen with the cakes«    the price of cotton-seed cake with 

45-46 per cent protein is lower than the price of soya cake with 44 per cent 

protein)    the difference between them varies but is often about 10 per cent. 

The price of flour must also show an advantage for cotton, but the process«« 

required by th« PAO régulât ions are expensive, especially when the seeds us«d 

are not glandless. 

Cotton-seed floor will therefore not replace soya flour to an appreciable 

extent until glaadleso seeds are producati im sufficient quantity, and th« 

following conditions are amt. 



I  • 

- o© - 

If used as a functional additiv« is rich countries like the United States, 

cotton-seed flour Bust offer industrial users considerable savings, «hick does 

not  Men to be the case today.    If the price is the sane as or shortly below 

that of soya flour, users will prefer the latter, by habit and for its better 
functional properties for aost applications. 

If it is used as a nutritive supplement in cotton-producing countries 

where soae sectors of the population are short of proteins, the local 

Oovenaents will have to supply financial help, to an extent to be calculated 
case by case. 
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IV.    METHODS FOR COTTON-SiajD OIL AND CJÖCI RECOVIKY 

*•    Storage, cleaning and delinUog of cotton-seed 

What was said in chapter II about the risks of deterioration of seed 

cotton, and the ways of avoiding them,  also applies to cotton-seed and need 

not be repeated here. 

The optimum moisture content  during ginning is 7 per cent.    When seed 

is stored for a long time, the moisture content  should remain at this level, 

or even slightly lower.    Since mills receive consignments of varying quality« 

some even containing deteriorating seed, the moisture content and temperature 

must be constantly checked. 

A temperature above 35    C indicates imminent overheating, and the barn 

or silo must then be ventilated.—'     Some millers make it a practice to 

ventilate all the seed received and keep the temperature between 15° and 

20° C. 

If the seed is damp, it is sometime« dried by hot air insufflation so as 

to inactivate the lipolytic enzymes.    Where this is done, it is advisable to 

cool the seed afterwards, to reduce the temperature to near ambient. 

Cotton-seeds, especially those covered with thick Unters, are difficult 

to handle, and do not flow easily«    Suitable handling devices must therefore 

be provided.    Pneumatic systems have the advantage that they cool and aerate 

the seed, and even dry it to soste extent, but mechanical systems are also used* 

2,l*âfiifls» 

In some countries, including the United States, the mechanical gathering 

of seed cotton has increased the amount of extraneous scrap that remains 

attached to the seed - or rather to the Unters - after ginning i    the pro- 

portion of scrap is now 1-4 per cent of the total seed weight.   The 

impurities include stones, earth, sand, capsule fragments, vegetable scraps 

of various kinds and metallic particles.    Vegetable material tends to decom- 

pose when the moisture content is high, and this raises the temperature of 

the seed«    Mineral matter wears the delinters and dehullere prematurely and 

1£/   In countries with a dry climate, the seed can be stored in heaps 
outside, under canvas or uncovered, on concrete areas fitted with airing pipes« 

i 
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can cau3c sparks that may produce firea.    Finally,  and moat importantly,  high- 

craality lint  and cakes cannot be obtained unless all the undesirable substances 

are removed« 

The amount of waste left in ginning (see chapter U.C.)  depends on the 

method used. 

The seed can be pre-cleaned before storage,  but the effectiveness of the 

operation is limited,  since very large deliveries  are made to the mill over a 

3hort  period,  and  there is no time to do the  job properly.    In practice,   aome 

of the  sand  can be removed easily by,   for  example,  boring small  holes in the 

feed  pipes.    Boll  reels may also be used:     these  are rotating drums fitted 

with screens of a mesh that  passes the seed and  objects of similar size but 

retains bigger particles (especially seeds that  3till have their lint).    Sand 

reels are similar:     they have fine-me3h screens that  pass 3and only.    Boll 

reels and  sand reels are often set up together,  the former above the latter 

on a common frame.    Efficiency is improved by pneumatic 3eed  cleaners.    They 

consist of two (or four) vibrating screens,   fed with a carefully metered 

quantity of 3eed that has already been passed under an electro-«agnet,  to 

remove metallic particles.    The upper screen removes the larger impurities, 

and the lower screen the smaller ones.    Screening is assisted by forced draught, 

and capacity, depending on the type,  ranges from 25 to 120 tons per 24 hours. 

The oil millers often have to re-clean the seed that comes from the 

ginning mills.    For economic reasons, it is in any case better to clean the 

seeds in the oil mills rather than ginning mills,  since the latter are widely 

scattered,  far more numerous and work for a shorter period during the year» 

Besides boll and sand reels and pneumatic cleaners, basket  cleaners can 

be used at the delinter input, or more recent machines known as'ARS differen- 

tiators or cleaning belts which are based upon the different kinetic principles 

obeyed by normal seeds, abnormal seeds and impurities when projected. 

Only some 50 per cent of extraneous matter can be removed by boll and 

•and reelst and 55-60 per cent by pneumatic cleaners;    ARS removes up to 

65 per cent. 

Mietili 
Delinting consists in taking off the Unters - if any - from the Medi 

seed of the Q. barbadsnse species has no Untere. 
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The average linter content is indicated in chapter I.    In the United 

States, the linters of G» hirsutmn account for about 10 per cent of the  seed 

weight, 

Delinting is not always economically  justified,  3ince the machinery is 

expensive  and  a market has to lie found for the linters.    In Africa,   for 
17/ example, where there is no market,—*'   the new mills prefer to  forego delinting, 

thus saving the  investment and energy costs,  and to dehull the seed with  its 

linters directly.     This point will "be taken up again in connexion with 

dehulling» 

The traditional method of delinting uses saw devices, knowr. as "delinters", 

which are  similar to saw-gins  (cf.   chapter U.C.).    About 2,5 per cent  of the 

linters are  left  on the 3eed to  facilitate the  subsequent separation of the 

hull  from the kernel.    More than 4   per cent  linters would cause difficulties 

in hulling with  present machinery« 

Saw-deljnting 

Saw delinters work on the same principle as saw-gins.    Since linters are 

shorter than lint,  however, the blades are closer,  the feeders are modified so 

as to present  the  seeds correctly to the teeth,  and in general all the parts 

must be more precise.    Most modern delinters have I4I or I76 circular saws, of 

12 5/8 inches diameter (32 cm), which are sharpened at regular intervals  (every 

8-3b hours).     The  speed of rotation is about 4OO  rpm.    The machine removes 

400 kg of linters  from I5 tons of seed in 24 hours.    Delinting is usually- 

carried out  in a series of steps by successive runs through several delinters» 

Rie parameters of each pasa - and consequently the qualitative and quantitative 

yields - may be  freely chosen by "the millers according to the results required» 

The following types of linters  can be distinguished: 

- Mill-run linters. which are obtained by a single delinting operation, 
and comprise all linters that  could have been removed by two-step 
delinting; 

- First-cut  ljnters. obtained fro« the first mill run, usually 2-6 mn 
long,  and sometimes longer; 

- Second-cut linters. obtained fro« the second mill run, usually 1-3 mm 
long» 

lj/   There is no local martert, and it is unprofitable to transport linters 
Ions over long distances» 
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Three and even four runs may be «ade. 

If two runs are to suffice, one delinter will take off 400 kg of linters 

from 15 tons of seed in 24 hours in the first  run.    The second run will require 

two delintera, each of which will take off 45O kg of linters in 24 hours from 

7*5 tons of seed in the second run. 

The second-cut delintera rotate faster (600-750 rpm)« 

In 1965, a high capacity delinter appeared (the Carver Cotton Gin Co. 

HC 2).    Its saws are larger in diameter (l8 inches, 45»7 cm), the capacity of 

the unit is higher, and so is the speed of rotation«    Performance is "betten 

in a single mill run, it can process about 10 tons of seed every 24 hours, 

leaving only 2,5 per cent linters;    in a two run operation, the first run can 

process 25 tons every 24 hours, leaving 7*3 per cent linters;    the second run 

processes 12-18 tons every 24 hours« 

Other methods 

Saw-delinting uses • lot of power, requires expensive and delicate plant,   ' 

and produces a great deal of dust and noise« 

It can be done away with completely, however, or replaced by other methods! 

- Linter burning require« a very strict control of temperature so as to 
avoid damage to the seed« 

- Acid delinting (using hydrochloric or sulphuric acid) has been tried, 
but the acid must be neutralised afterwards with a base (gaseous 
ammonia)«   The effect on the nutritive quality of the seed and the 
corrosion of plant must be studied carefully« 

- Abrasive delinting uses more power than saw delinting, produces just as 
much noise and dust, and requires substantial investment« 

Unter cleaning 

On leaving the delintera, the linters still contain impurities tuat must 

be removed if good merchant quality is wanted« The users need cellulose that 

is as pure as possible, particularly for the more refined uses« 

In modern oil mills, each bank of delinters is fitted «Lia a pneumatic 

cleaning device that sucks the linters into a oondenser where some of the dust 

is removed«   The cleaning itself is done subsequently in multiple-drum bealera 
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fitted with an air system.    The cleaners have several large chamberí in which 

the linters are thrown against the perforated surfaces through which the smaller 

impurities, especially hull dust, can pass« 

First-cut and second-cut linters may be cleaned separately. 

B. Dehulljne and hull separation 

Dehulling consists in breaking the hull so as to release the kernel,  from 

which the hull scraps then have to be reno ved. 

Dehulling is not used everywhere.    It nevertheless seems justified,  since 

the hull contains very little oil and protein, and a lot of cellulose (see 

chapter I.F.J.    Keeping the hull would therefore reduce oil recovery rates (the 

hull scraps would absorb oil during pressing) and cake protein content, while 

increasing cake cellulose, lignin and other substances«    The crude oil would 

also be darker in colour« 

There are two categories of dehuller:    bar hull er s and disc hullers. 

Bar hullers have two main component si    a rotating ana and a fixed frame, 

both bearing fixed hard steel blades with perfectly sharpened teeth and adjust- 

able clearance.    The speed of rotation varies fro« 65O to 950 rp».   The amount 

of seed that can be processed in 24 hours depends on the size of the machine 

and the degree of dehulling required:    it varies from 75 to I50 tons for 

6O-85 per oent dehulled seeds, the remainder being processed a second time. 

Disc hullera, which are less common than bar hullera,  consist of two sharp- 

edged circular discs, one fixed and one movable«    The inner faces of the discs 

are concave so that seed can be fed in at the centre«    The seed is swept by 

centrifugai force through the narrowing gap to the periphery where it is cut 

by the sharp edges, whose clearance is adjustable« 

Seed beaters are located before the dehullers to remove certain impurities 

(Untere etc.).   After dehulling, the kernels are separated from the hulls. 

This operation is essential, since it governs the composition of the hull scraps, 

which must take with them a minimvei of oil, kernels and whole seed, and the 

composition of the kernels, which must be free of linters and dust and must con- 

tain only •* •neh hull as is consistent with the oaks protein content decided on« 

bja_ 



- 72 - 

The factors that have to be taken into account are the seed moisture 

content and degree of deterioration, the percentage of residual linters, the 

quantity of oil  absorbed by the hull hefore dehulling and separation,  the 

amount of impurities, and the separating plant and its adjustment. 

The hulls discarded by a rrjdern nail supplied with high-quality seed con- 

taining 10-12  per cent moisture and lean than 2.5 per. cent linters retain a 
negligible percentage of oil  (0.5 per c;nt). 

There are three different dehullint pro' esses: 

Single dehulling and separation 

In single dehulling and separation, one machine dehulls 8O-85 per cent 

of the seed in one run.    The kernels are separated by a ahaker-screen, while 

the hulls and the regaining whole seeds are processed again in a heater and 

then in a special machine that recovers the undehulled seeds, which are returned 

to the dehuller.    The plant also has a kernel cleaner that removes hulls and 

linters* 

Double dehulling and separation 

In double dehulling and separation, two groupe of dehullers and separators 

are used.    The first dehuller is adjusted to produce the largest kernel fragments 

possible, and thus avoid any absorption of oil by the hulls.   The undehulled 

seeds are conveyed with the hull and kernel Mixture to the screen separator, 

where the kernels pass through the holes.    The hulls and whole seeds are chan- 

nelled to the beater, where the particles of kernel  still adhering to the 

hulls are recovered.   The seeds aad hulls are then conveyed to the seoond group 

of machines where the operation is repeated (with a closer setting of the blades). 

This nethod requires aere investsMnt than the ft ret and leaves «ore specks of 

hull in the kernels, and sjore oil in toe hulls.    This lowers cake quality (for 

non-rusdnantsat least); aad oil yield.   It le ueed «airily when the linters have 

net been removed fro« the seed firet, or when there are eany unripe seeds. 

-a» 
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Universal detailing and separation 

The universal method is a combination of the other two.    The hulls from 

the first  separator pass into the second dehuller, with a closer setting, and 

then into a second hank of separator-beaters.     The method is useful when the 

seed being processed still has its Unters,  and the intention is to leave a 

large percentage of hull  specks in the meal  so  as to produce cake with a low 
protein content. 

It is accepted that under normal extraction conditions,  about 94 per cent 

of the seed nitrogen finishes up in the cake. 

The main points to be watched during dehulling arei    that the machine 

receives a steady feed,  and that the blades are correctly set and maintained. 

Some machines combine the functions of separation, beating and cleaning. 

Defibrators are sometimes used to recover the lint era remaining on the 

hulls:    in the United States, some 60 per cent of those linters are recovered, 

or 1.2-1.5 per cent of the original seed weight.    A defibrator can process 
10-12 tons of hull« every 24 hours. 

The dehulling of undelinted seeds covered with thick linters raises 

technical problems»    the feed rate must be slower, the proportion of oil and 

kernels removed with the lintered hulls is higher, and separation becomes 

difficult because of separator jamming.    A reduced flow must therefore be 

accepted, and the plant must be adapted to prevent the hulls carrying away too 

much oil and meal.    The problem has been studied in the United States by 

3. P. Clark (Texas, A and M University), and in France by Speichim.    It will 

be noted that the Unterà agglomerate the hull «craps;    so the kernels are 

practically free of then«    This is an advantage for flour intended for human 

con«umption, but it complicates the work of the presses in the oil mills and 

is unnecessary for the manufacture of cake. 

Calculation« made in the United State« by S. F. Clark in 1976 «how that if 

the oil miller«» selUUmg priced 0f linter« i« 4 cent« a pound (8.8 cent« a 

kilogram) or over, it is Wtter to delint before dehulling, but below 3 cent« 

a pound (6.6 cent« a kilogram) the seed can be dehulled without delisting, or 

after delinting with acid. 

¿g/   Weighted average of first and second cut«. 

~2m 
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C.    Rolling of kernels into flakes 

After dehulling and separation,  the kernels are vulnerable to mould, and 

even when the moisture content is low (7 per cent) they keep for a very short 

time?    acidification is likely to occur within a few days.    It is thus advisable 

to process the kernels as soon as possible. 

The kernels must be flaked to break down the walls of some of the cells 

containing oil,  and mainly to divide the material  finely so as to  expose it 

as much as possible to heat and steam during the subsequent cooking,  and thus 

facilitate oil  extraction. 

The kernels must first be moistened to bring their moisture content up to 

10-11 per cent. 

The kerneln are usually flaked in a machine consisting of five carefully 

aligned,  superimposed cylinders made of hardened cast iron.    Sometimes only 

two horizontal cylinders are used, but the capacity is then lower» 

A feeder, whose output is carefully metered, distributes meal uniformly 

along the top cylinder;    the kernels are then drawn in between the first and 

second cylinders and finally between the fourth and fifth, where they carry 

the weight of the four upper cylinder«. 

The diameter of the cylinders range* from 12 to 20 inches (30,5 to 31 on), 

and the length from 24 to 60 inches (61 to 152 on).    The meal input cannot 

exceed the equivalent of 1,5 tons of seed every 24 hours per inch of length« 

The flakes must be as thin aa possible. A thickness down to 0.003 inches 

(0.127 MB) »ay be reached, but ia usually from 0,006 to 0.013 inches (0.203 to 

0,330 MI). 

The main points to watch are the proportion of undehulled seed and residual 

hull, the steadiness of the feed to the unit, and the condition of'the cylinder 

surfaces. 
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D«    Cooking of the flakes 

There are several reasons for cooking: 

- To complete the breakdown of the oil  cell walla; 

- To increase oil  fluidity by increasing the temperature; 

- To coagulate and precipitate the proteins, which facilitates 
oil extraction; 

- To coagulate and precipitate the phosphatides; 

- To change pectic material into mucilaginous substances that  are 
insoluble in oil; 

- To detoxify the gossypol by binding it to proteins; 

- To destroy mouldB, bacteria and enzymes that  could affect the 
oil and cake adversely (by helping the development of free 
fatty acids); 

- To dry the meal to a moisture content to suit the oil extraction 
operation« 

The cooking and final drying of the meal may be done in various kinds of 

equipment, the more common of which consist of four to six (sometimes up to 10) 

stacked boilers with double walls between which steam is passed, and agitators 

to churn the meal*    Since cotton-seed meal is a poor conductor of heat, the 

agitators must be powerful.    The flakes are put into the top boiler, where bot 

water or steam is added to increase the moisture content to  11-14 per cent. 

They are then conveyed down from boiler to boiler with a corresponding rise in 

temperature« 

The oil yield and colour and the nutritive value and flavour of the cake 

depend to a large extent on the way the meal is cooked«    The variables are the 

amount of water added, the temperature of each boiler, the cooking time in each 

boiler, and the agitation speeds«    The variables are adjusted according to the 

characteristics of the raw material and the desired characteristics of the end 

product«   The oil extraction technique to be used is of particular impórtanos« 

Since one of the main aims is to inactivate the gossypol without degrading 

protein quality too much (cf. chapter III.*.), a compromise must be found between 

too little and too much heat« 

In addition, a temperature of 88° C (190° 7) must be reached quickly, 

sino« below that temperature ensyaes in the presence of water are very active, 

sad could cause undesirable hydrolysis or lipo lysis (production of fatty adds)« 
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In a five-boiler cooker, the temperature» would in practice be M follows i 

USL 1£ 11 
1 79-90 175 - 195 
2 82-96 180 - 205 

3 93 - 102 200 - 215 
4 102 - 107 215 - 225 

5 107 - 113 225 - 235 

In the first boiler, the temperature must be brought up to 88    C within 
about 20 minutes» 

The total cooking tine depends on the subsequent oil-extraction processi 

80-120 minutes when hydraulic presses are used, 75-85 minutes with sorew 

presses, and 30-40 minutes with solvent after pre-pressing. 

The water content of the seal decreases steadily fro« the first boiler to 

the last.    Its optimum at the output is 5«5-7 per cent for hydraulic press 

extraction,  3-6 per csnt for screw-press extraction, and 4-5 per cent for 
hexane-extraction. 

The capacity of such a cooker is 125-150 tons of seed «very 24 hours« 

Mien the cooker works at normal production capacity, the cake contains 

less than 4*2 per cent oil after passing through the screw press.    Wien the 

cooker works beyond capacity, the residual oil content rises.    There is thus 

no point in trying to exceed capacity. 

Other types of cooker include horizontal cooker-driers, where cooking and 

drying take place in separate oompartments. 

i.    Oil extraction^' 

IrAnmmlag-irtM «IriffUffffl 

hydraulic-press extraction is an obsolete process, tut la still ussd in 

MSM countries.   It consists of an initial aoulding, after whioh the assi passss 

into a hydraulic plats press (usually with 15 plates).   If the Operation is 

]S/   For the technical descriptions of oil extraction amd procsaaiaf, 
specialist works should be oonsulted - I. Hortl ana K« Aohagra, 1975» for 
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correctly regulated, the cake is progressively drained, the oil contains few 

impurities,  and the press cloth does not wear out prematurely«    The average 

pressing cycle is about 30 minutes, but may be as long as 45.    With a 30 minute 

cycle,  the  extraction capacity is the equivalent of I5 tons of seed  every 

24 hours,  and the residual oil  content of the cake is 5.5-6.5 per cent. 

The cake can then be sold either as it is, or broken into piece3 or ground 

into meal by disc- or hammer-mills and screened.    Sometimes the flour is 

moistened,  heated and pressed into  small  cubes. 

The advantages of the hydraulic press over the screw press are!    the 

investment  and power consumption are lower, and the oil  is lighter in colour 

and  contains less free gossypol.    The advantages do not outweigh the disadvant- 

ages» however:    the labour cost is higher, the equipment  cannot be easily 

adapted, the oil yield is  lower,  and there is more free gossypol in the cake. 

Above all,  the screw press can easily be used for processing other seeds than 

cotton-seed.    Por these reasons,  hydraulic pressing is increasingly giving 

way to screw-pressing» 

Screw-pressing 

Screw presses work continuously. 

Many different types of screw press have been built  since the first one 

built by Anderson at the beginning of the century. 

Their capacity depends on the number of shafts, the section and particu- 

larly the speed of rotation.    It varies fro« 6 to 100 tons equivalent of 

cotton-seed processed in 24 hours,  and sometimes is even more, but is usually 

about 50 tons.    Output increases with increasing speed of rotai ion, but the 

cake oil content also rises to as much a« 9—15 per cent. 

With a properly adjusted unit rotating at normal speed (about 45 rpm), 

the cake contains less than 3«5-4«5 per cant oil« 

When only a pre-pressing prior to solvent extraction is required, capacity 

it increased to 100 tona of processed seed every 24 hour«, with a cake-oil 

oontent of 10 per cent. 

The absorbed energy is partially converted into heat« and the meal reaches 

a temperature of I50   C (300° F).    Tbe nasi, together with the considerable 

pressure in the press, degrades protein quality (cf. chapter III.*, and 1«) 
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darkens the colour of the oil,  and increases the level of imparities in the 

oil«    Cooling is therefore required, and this is done by vario«« Bean«, the 

most  coranon of which is a heat  exchanger. 

On leaving the press, the oake is too dry (l-4 per cent water) and too 

hot«    It is cooled and simultaneously noistened by a streaa of cold water« 

It is also ventilated«    The last  step is grinding in a hammer or double 

rotating disc mill;    the former conmines less power but produces a coarser 

granulated product« 

An average cake contains 3«5-4»5 per cent oil, 41-43 per cent proteins, 

3 per cent  water,  and 0,04 per cent free gossypol«    The available lysine con- 

tent of the proteins is only 2«5-3 per cent (cf, chapter III»*,)« 

The crude oil contains insoluble impurities ("feet") and free fatty acids 

(average 1«2 per cent).    About 8«5 per cent of the oil will be lost in refining« 

The impurities are removed by decanting or screening followed by clarification 

by filter press«    The oil should be at a temperature of about 55    c during 

these operations«    Once separated from the oil, the impurities are recycled 

in a special screw press or in the production press«    In the latter case, the 

cooking step must be omitted;    otherwise the oil will be dark« 

Th3 free fatty acid content of the oil depends on the condition of the 

seed used«    If the seeds are already very acid on delivery, cooking sod pressing 

(both of which increase acidity by about 70 per cent) will have to be carefully 

monitored«    In particular, the flakes must have a moisture content of at least 

12 per cent before cooking, and the cooking time must be longer than usual« 

Acid seed often produces a high proportion of impurities. 

The free fatty acid content of the oil Is often as high as 2 par cent« 

The last oil fractions are usually more add than the first;    if extraction 

is taken too far, the results of refining will be Isas satisfactory« 

The ease with which the gusts, or more exactly the pectic substances from 

the material lying between the cell membranes, pass into the oil increases 

with moisture content.    Unce the gums delay the deposition of soap stock, 

they hinder the refining process, and are therefore often rafa—ibis for bad 

yields at this stage« 
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The gossypol content of the oil varies fro« 0,3 to 1 per cent according 

to the raw material and processing.    During neutralization, which is a 

refining step, gossypol  combines with soda and passes into the soap stock. 

In some countries (india for example), undelinted and undehulled seeds 

are screw-pressed.    The oil yield is lower, the oil and cake are of inferior 

quality,  and the press capacity is reduced, but the simplicity of the process 

makes it cheap. 

Dehulled seeds are al3o sometimes pressed without prior delinting.    The 

oil and cake are of satisfactory quality, but  3ome of the oil  (4 per cent) is 

lost. 

An original oil extraction process,  called the Skipin process after its 

inventor,  is used in the USSR.    It consists of three operations.    The meal is 

first moistened to bring the water content up to 14.5-20 per cent and heated 

to 70    C, which separates the oil from the meal.    The oil drains through a 

screen to the bottom of the device, where it is collected.    The partially 

de-oiled cake is then dried to reduce the moisture content to the level 

required for solvent extraction.    All the gossypol is found in the oil. 

*°lm* ^fctfron 

Solvent extraction can be applied tot 

- Undehulled, and even undelinted cotton-seed; 

- Dehulled ootton-eeed; 

- Pre-(screw-)presaed partially de-oiled cake (pre-press solvent 
extraction). 

The main advantage of solvent extraction over the mechanical processes 

reviewed above is that it improves the oil yield, since the residual oil con- 

tent of the cake does not exceed 0*3-2 per cent«    Moreover, sino« the 

material is heated less, the proteins have a higher nutritional value 

(of, chapter IIÏ.A. and B.). 

There are, however, di sad vantages! 

- Solvent extraction demands greater investaent and is therefore 
suitable only «nere large tonnage« m to be processed; 

- Inflammable solvents, particularly the hydrocarbon derivatives (hexane), 
•sir cause a risk of fire and explosion on mixture with airi 
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- The cake tends to be dusty; 

- If the meal is insufficiently cooked, there may be free gossypol 
in the cake« 

The direct solvent  extraction of oil from dehulled seeds is also rather 

difficult:     the material disintegrates readily,  and small particles may get 

mixed with the miscellae (see definition below), and  steps must be taken to 

avoid or rectify this.    If undehulled seeds are used,   extraction is easier, 

but the oil obtained is darker and the cake of poorer quality. 

Pre-press solvent  extraction gives a slightly higher oil yield than 

direct extraction and seens to be preferred nowadays. 

The process will not be described in detail here but the principles 

involved can be resumed as follows: 

Principles of solvent extraction 

The meal and the solvent mist come into the most intimate contact possible. 

This requires a large volume of solvent at a suitable temperature (5O-650 C), 

Beai with a suitable moisture content (which varies according to the equipment) 

and a satisfactory degree of granulation, and a long mixing of meal and solvent. 

When batch extractors are used, several should be used in series.    When     " 

continuous extractors are used, the meal and the solvent are made to circulate 

in counter-current (less favoured nowadays) or parallel.    In the filtration- 

extraction process, the meal and the miscella are first kept for a while in a 

mixer, before they are separated by a horisontal continuous rotary vacuum filter» 

The result is a solution of oil in solvent, known as a miscella, the con- 

centration of which varies according to the solvent used and the oil content 

of the meal.    In modern continuous units, the miscellae contain 20-25 per cent 

oil, and sometimes more.    The older continuous units and the batch extractors 

produce miscellae with a much lower oil content. 

The miscellae are filtered so as to remove the particles of cake, concen- 

trated, and distilled in a single or double evaporator.    They then pass Into 

a stripping column, usually under partial vacuum, with stemm injection for 

total solvent removal.   The vapour« are condensed in standard water condensers, 

and the oil is 000led and stored.    The condensates are collected in a separator 

where the water injected a« stessi is removed from the solvent. 
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The solvent remaining in the seal mitt also be recovered by heating in 

the extractor itself, or in an independent drier.    Here, too, the last trace« 

of solvent are driven off by live stesa, provided the material pendts this. 

In some units, the process is conducted under vacuus, which allows working at 

a lower temperature and gentler treatment of the cake.    After cooling, the 
cake is usually crushed. 

The uncondensed gases remaining in the apparatus are recovered by con- 

nexion to mineral oil columns, activated charcoal absorbers, or a refrigeration 

installation, or by a combination of these methods. 

The cake may be completely freed of solvent or may retain a small amount 

(0*1 per cent), but there is then a danger of explosion daring storage or t 

port, an unpleasant odour, and a nutritional drawback. 

It sMst be stressed that only a brief outline of the operations has 

given, and that the methods are developing rapidly, particularly where solvami 

recovery is concerned - am area «nere mage improvements have been made la ine 
lnmt 15 years. 

Cleaning, delinting, dehulllng ami ball separation am the 

extraction prousssos.   There are some differsacs«, 

flake rolling and 

M for 

r, la 

In pro press solvent extraction, ine main difference is that cooking mm/ 

take piace at A lower temperature (20° C), the cycle amy be shorter, ani ih« 

final moisture matant osa be 8-9 per oent.   The oil content of ine meal la 

10-12 par oent.   The meal is ground and re-rolled into flakes, and then coi 

io ih« solvent extractor, which it leaves with an oil content as low as 

0«3-0*5 per cent.    Direct solvent extraction yields are noi as good (1 

oil is 1-2 per osai).   The cake is lsaa crassly sad ins slsocllae contala lema 

Ismailiti sa»   The goseypol content of ine cake is lomar ibaa with direct salvami 

extraction, bai m» la ih« available lysine ooatsat. 

In direct salvami axiractioa, the 

tmair aoisiure osatasi la increased io 10 

la the 
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into flakes as fine as possible (O.OOó-O.OlO inches, or O.I5-O.25 mm).    Direct 

extraction uses far »ore solvent than pre-press solvent extraction.    The 

filtration-extraction process, which is a variation of direct extraction, 

requires cooking at 93-107° C (200-225° P) and 9-20 per cent water in the meal 

during processing* 

Choice of solvent 

The most  commonly used solvent in the United States is hexane, a paraf- 

finic hydrocarbon derived from petroleum distillation.    Its boiling point under 

normal pressure varies from 63.3    to 69    Cf depending on the supplier. 

Methylpentanes, which have the same origin, "boil at a lower temperature 

(59.4 -63    C) and thur require a lower power consumption.    Nevertheless, 

although they are efficient as cotton-seed oil solvents,  they are less used 

than hexane. 

Trichloroethylene has the advantage of being less inflammable than the 

hydrocarbons.    It boils at 87    C under normal pressure, and is an excellent 

solvent.    However, it consumes more energy for distillation than hexane, and 

produces darker oils that are difficult to bleach, especially if undehulled 

seed is used.    It must also be stabilized before use to prevent acidification 

and, since its vapour is corrosive, equipment in contact with it must be made 

of stainless steel or aluminium«    There is also some doubt aa to the toxicity 

of the cake, which explains why it is not used in the United States. 

Isopropyl alcohol could solve the problem.    It completely removes goaaypol 

with the oil.    Consequently, there is no free gossypol left in the cake, but 

it must be removed from the oil by additional processing.    It does not seem to 

have been used in industry. 

Ethanol is also a possible solvent.    It has been neglected in the United 

States, where producer« find it simpler and cheaper to use paraffinic hydro- 

carbon petroleum derivatine*,    la other countries, it might be useful to use 

ethanol derived from agricultural products so aa to reduce the outflow of 

foreign exchange« 

The Vaccarino process employed in Italy uses acetone;    and the 3RRL process 

(see chapter II.B.) u/ees an asset rapic aoetone-hexane-water mixture.   Beth 

almost all the free gossypol from the omke (the SRHL procesa more than the 

Tacoarino), but both procesa«« cost mor« than the hexane procesa« 
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A «hört survey of égalaient 

As has teen aeen,  extraction may be by "batch or continuous«    Continuous 

extraction is the more modern»    Continuous extractors fall into two categoriest 

- Immersion extractors, where the solids are immersed in the solvent j 

- Percolation extractors, where the solvent flows through a 
stationary or moving bed of solids. 

TOT various reasons, percolation is currently the preferred method« 

The filtration-extraction technique is a form of percolation, but has its 

own characteristics« 

Capacities, expressed in equivalent tons of cotton-seed processed In 

24 hours, are 40-120 tons for the immersion equipment, 100-250 tons for per- 
20/ 

oolation-type equipment,—'   and about 100 tons for filtration-extraction unita« 

There are also higher capacity extractors (500-2,000 tons/24 hours) 

designed for mills processing large volumes of seed, which may be of various 

kinds (cotton, soya, etc,). 

In any installati- n, care must be taken to ensure that the solid and 

solvent flows are steady« 

with modern, properly used equipment, solvent losses are Issa than 

1 par cant by weight of the Input material.   The loaaaa can be reduced to 0*5 

or even 0,3 per cent* 

Ooncluaion 

Aa things stand at preaant, eorew grama extraction and pro-preas solvant 

extraction seem to be the moat interesting proceeees from the economic point 

of view. 

The davalo prnaai of glandi ama vari at lea may favour direct solvant extraction 

in the future« 

¿Jj/   faara ara aim» «mita of 2V75 
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*".    Oil refining 

Besides triglycerides,  crude oil contains varying amounts of other 

impurities:     free fatty acids, water, resins,  arbuminous material, gums, phos- 

phatides,  sterols,  pigments,  sapid and aromatic  substances (particularly 

ketones and aldehydes),  and decomposition products.    Some of these are 

insoluble in the oil;    others are in solution or colloidal suspension. 

The task of the refiner is to remove all the non-glycerldes as completely 

as possible 30 as to prodige an edible oil of good appearance, or a finished 

product  suitable for the production of edible fats. 

The main refining steps will be examined in order.    They are: 

- Degumming; 

- Neutralization; 

- Bleaching; 

- Deodorization. 

Two treatments associated with the processing of refined oil will not "be 

included:    hydrogénation, which converta liquid oil into solid or semi-solid 

fat by the partial or total saturation of the double bonds;    and winterisation 

which, in contrast, removes from the OL.  the high boiling triglycerides, so 

that the oil stays clear even at low temperatures.—* 

Generally speaking, cotton-seed oil refining is much the sane as for 

other edible oils,  except for the tricky problem of gossypol removal.    The 

development of glandless seeds will also simplify this. 

Crude oil  storage 

Before crude oil is stored,  it must be freed of such insoluble impurities 
22/ as fragments of 3eed, dust, water,—J   etc.    If this is not done, the engines 

present  could cause lipolysis, which would increase entailing the free fatty 

acid content.    There might also be a proliferation of micro-organisms that would 

assist lipolysis and cause disagreeable decomposition.    The insoluble impurities 

are removed by decanting, filtration or centrifuging;    filtration (by filter 

press, for example) is the most commonly used method. 

21/   Ordinary ootton-seed oil turns cloudy below 5-7° C«   Aft«" 
winterlution, it stays clear at 0° C, 

22/   Host crude oils oontain about 0.3 per cent water« 
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During storage, the pigments (go say pol and others) may bind irreversibly 

with the triglycerides.    This reaction develops rapidly,  and depends on the 

pigment  content  and temperature.    It is thus advisable to store emide cotton- 

seed oils,   after proper filtration and dehydration,  for the shortest possible 

time, and  at the lowest temperature consistent with fluidity. 

Peguwainfl 

Degumming consists in removing gums, resins, proteins, phosphatides,—* 

and other  constituents in fine colloidal dispersion.    All these will be 

referred to as "grans",    after removal, they are added to the cake, where they 

increase cohesion and thus improve granulation, or to the soap stock, which 

will be defined below (chapter VII.C.). 

There are several degumming methods.    The most traditional is based on 

hydration,  using the gum's property of swelling and forming gels in the 

presence of a specific amount of water.    These gels, of high specific gravity, 

precipitate on the bottom of the oil recipient.    A small quantity of water - 

2-5 per cent of the oil weight - is injected,  the temperature is kept at 

60-90    C,  depending on the method,  and the guns are separated by centrifuging. 

As the degummed oil still contains 0.4-0,8 per cent water,  it is conveyed to 

a drier where it  is heated to aLuat 70° C under a slight vacuum.    It is then 

cooled and  stored.    This dehydration phase is a delicate operation, because it 

must not darken the colour of the oil or increase its free fatty acid content. 

The addition of a very weak solution of bicarbonate of soda has a stabilizing 

effect, 

Degumming can also be done by using special additives that make gums 

insoluble:     acetic acid, ammonium hydroxide,  citric acid, oxalic acid, phos- 

phoric acid,  etc. 

It is also possible, and simpler, to degua and neutralize in the same 

unit.    The soap solution obtained by the neutralization of the free fatty acids 

carries off most of the gums when it settles»    Consequently, before installing 

independent degumming equipment, the economic Justification for doing so must 

be considered. 

2j/    Phosphatides, of which lecithin is the best known, are presen4, in 
concentrations of 0,7-2.7 P*r cent in ootton—seed oil.    Lecithin is extracted 
from soya on an industrial scale, but it is not interesting to extract it from 
ootton-seed oil, since its dark colour prevents its use for human consumption. 
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Neutralization 

The purpose of neutralization is to remove the free fatty acids, which 

are present in crude oil in a concentration of 0.9-2.8 per cent. 

Caustic alkali  iß the more commonly used base*    It is very effective and 

bleaches better than the weaker alkalis.    On the other hand, it  saponifies 

3ome of the triglycerides.    Other alkalis 3uch as bicarbonate of 3oda have 

therefore been used occasionally, but have other drawbacks:    they cannot  reduce 

the free fatty acid content below 0.10 per cent  (with caustic 3oda a figure of 

0.01-0,0"}  per cent  is possible) and their action has to be supplemented by 

other means. 

The soluble substances contained in deguinmed oil include, besides the 

free fatty ¿^1 Is,  very small amounts of monoglycerides and diglycerides, 

gossypol and other colouring agents, sterols and tocopherols (which it is 

certainly not necessary to remove), and various other imperfectly identified 

substances. 

During caustic soda neutralization, the gossypol and other pigments react 

readily with the soda and are mainly removed in the soap stock, which ia the 

residue of the operation. 

Raw soap stock is a mixture of soap, non-glyceride organic impurities, 

water and emulsified oil« 

Neutralization consists of two main steps:    mixing, during which the soda 

reacts with the substances to be removed;    and the breakdown of the emulsion 

and the precipitation of the neutralised substances. 

Soda is effective only when diluted!    the choice of dilution factor 

depends on numerous variables.    Nearly all the water used for dilution passes, 

after neutralisation, into the soap stock« 

There are many neutralisation methods;    their description, «vas la brief, 

would go beyond the scope of this study«   The methods may be classified as 

follows: 
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- Cau3tic aoda neutralization: 

Batch proceas; 

Continuous process} 

- Weaker alkali neutralization: 

Continuous process with alkaline carbonate followed by an alkali; 

Continuous process with ammonia; 

- Neutralization of mi3cella by cau3tic   soda; 

- Extraction of free fatty acids by other methods (solvents,  steam, 
ion exchange  resins,  etc.). 

Neutralization usually takes place at moderate temperatures and in several 

3teps,    The  residues are separated by oentrifuging.    The oil i3 then freed of 

residual  alkali,   soap and water.    The  soap stock  ir, purified,  the neutral  oil 

it  contains is recovered,  and it   is then processed as necessary. 

The total  amount of freo fatty ^riis anil  other substances lost from the 

oil in neutralization depends on the raw material and the proceas used.    It  is 

3«-;. to 9 times the   free fatty acid content whe     that content is  low, and  l.-> 

to 2 time3 the  free  fatty acid  content when it   is high.    These losses aro 

higher than those usually encountered for other   seed oils of the  sane acidity. 

To obtain a goo<i quality oil,  neutra.!ization i3 often effected in two 

steps,  the second of which uses a more concentrated alkali.    Tf caustic soda 

iß ufl»d,  th*>re la fi   further loas of oil. 

Continuous neutralization gives results that  are comparable in cuality 

with those of batch processing.    The secondary reactions that increase losses 

are better controlled, however, because of the shorter time during which the 

soap and oil, are in contact, which improves profitability considerably and 

allows the processing of oils with a higher free fatty acid content.    Less 

skilled operatives are required, but the investment is justified only for pro- 

cessing capacities above 30 tons of seed every 24 hours. 

Direct neutralization of miscella usually gives clearer oils and higher 

yields than traditional methods, but the investment cost is higher, the 

operatives have to be more highly skilled, and sfwcial precautions must be 

taken because of the risks of solvent explosiona»    Despite its advantages, the 

method is therefore little used« 
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The soap stocks obtained fro« concentrated soda solution and the gums 

(when they have not teen removed beforehand by degumming)  are very viscous. 

The centrifuges must therefore be poverful.  in good condition, and easy to 

clean without dismantling« 

Bleaching 

The neutralized oil is usually golden yellow, which is suitable for food 

purposes, but it is sometimes reddish.    When it is intended for the manufacture 

of solid fats,  a white colour is preferred« 

It is therefore necessary to bleach the oil so as to remove the various 

Pigments not removed by neutralization» This is done with adsorbents in the 

form of bleaching earths or activated charcoal« 

The bleaching of cotton-seed oil is quite similar to that of other oils. 

Traditional continuous or batch equipment is used«    The maximum temperature is 

1CX) -105   C.    The bleaching earths must be usad in concentrations of 

0,5-2 per cent of the oil weight;    higher concentrations (up to 10 per cent) 

are needed with charcoals« 

Deodorination 

Cotton-seed oil has a mora objectionable odour and taste than other 

vegetable oils, because of the presence of foreign substances, mainly aldehydes 

and ketones«    It must therefore be deodorised« 

The deodorization of cotton-seed oil presanta no special problems}    the 

usual continuous,  semi-continuous or batch equipment is used. 

The treatment is fairly simple«   As the substances to be removed are 

volatile, it is sufficient to heat the oil to a high temperature and inject 

steam to carry off the impurities, which are than condensed and evacuated« 

In Europe, the parameters are typically a temperature of 180° C, an 

absolute pressure of 5-6 mm of mercury, and a cycle time of 4-5 hours.    In the 

United States, where much higher temperatures are usad (23O°~240° C), tha cycle 

time can be reduced to 1,5-2 hours«   The colour thus obtained is lighter, and 

the cyclopropenic acids (malvalle ami sterculic adds) ars more or lass des- 

troyed, which is one of tas aims of tas treatment.   Nerertheleas, the equipment 

must be made of stainless steal ami is therefore mora 

Deodorizers have capacities of 10-30 tons per 24 hours. 
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0. 
cotton-se 

:s 00 invsstnont strategy ^n 
m-seea processing 

The processing proper of cotton-seed begin« after ginning and consists, 
as has been seen, of -the following operational 

Cleaning 

Delinting 

Dehulling and hull separation 

flaking 

Flake cooking 

Oil extraction 

Oil refining 

Degussa ng 

Neutralisation 

Bleaching 

Deodorisation 

Seed 
preparation 

Separation of 
oil and cake 

(Hi 
refining 

For eaoh operation, an indi oat ion has BOM given of the capacities (la 

tons of seed per 24 hours equivalent) of the various type« of equipment that 
can be used« 

Seed-ootton ginning heads the list and can be done independently, since 
its aain purpose is to provide fibre for textile UM« 

Oil sdlls can carry out all or part of the processing.   They oan also 

decide on the capacity required for each stop, by choosing the capacity and 
nwber of eaoh piece of equipaent. 

«any combinations are therefore possible. 

One possibility is ooaplete integration, fro« s«ed cleaning, or 
ginning, to refinin#> 

Another possibility is to sot up a omnia of plants, each of 
part of the processin** 
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Only a detailed study permits the determination in each case of the "beat 

economic choice, which depends on 3uch factors as:    the seed-*'   tonnages to be 

processed  and their geographical  situation,  the costs of transporting the 

material  at various stages of processing,  local  labour and power resources, 

and the  profitable use of by-products,   (linters and hulls). 

It may be more profitable to gin -nd prepare the seed  (cleaning,  delinting, 

dehulling,  and  separating the  hulls)  in small units (15  tons/?/? hours)  nenr th< 

harvesting area3. 

In some countries,  delinting or dehulling may not be economically advisable 

Flaking and  cooking are always associated with extraction.    Hydraulic - 

or screw-press extraction may go with small   plants (lr;-S0 tona/?4 hour.i), but 

the investment  required for solvent  extraction,  with or without  pre-presiúrv;, 

are not usually  justified except  for large capacities (,'00 tona per ."-4 houru 

upwards). 

The refining plant is not  always installed in the oil rail!, although 

international  trade i3 only in neutralized oils,    A choice is possible between 

local batch refining units, of less than 30 tons/24 hours capacity, and larger 

continuous units« 

It is sometimes advisable to make provision for extraction and refining 

fro« other aeeda.    Such multipurpose units can be supplied more regularly and 

for longer periods of the year, at least when harvesting times differ;    the 

equipment run3 for more hours a year;    the storage and manufacturing capacities 

are better matched to the tonnages processed;    and since the total tonnage is 

greater, there are economies of scale for investment and the labour    ost per 

%QTi0ä/   Multipurpose units may have an extraction capacity of 

700-2,000 tons/24 hours, and a refining capacity of 300 tons/24 hours. 

24/   Seed in general, not only cotton-«eed. since some equipment    . 
(extraction and refining equipment, for example) can be uaed to process 
several kinds of seed. 

25/   In the countries where labour is expensive, the oost price decrease« 
considerably when capacity increases considerably, since the work force is 
nearly the same for extraction units of 200 and 1,000 tons/24 br capacity. 
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V.    COTTON-SEH) OIL 

A.    Quality attarda 

Crude oil 

The price paid for crude oil depends on the quantity and quality (mainly 

colour) of the refined oil  that can be obtained from it.    The quantity and 

quality are measured by standard laboratory tests. 

In order to facilitate commercial transactions and avoid disputes, grades 

have been defined,  each of which corresponds to a quality of crude oil  for 

which refining losses and the colour index must not exceed certain values» 

In the United States, the standards are laid down by the National 

Cottonseed Products Association (NCPA) which distinguishes five main cate- 

gories of crude cotton-seed oil. 

- "Prime crude oil", when refining losses do not exceed 9 per cent, the 
AOCS colour index is below 7»6 led, the free fatty acid content is 
under 3*25 per cent and flavour and odour after refining are pleasant; 

- "Basis pria« crude oil", when refining losses are below 20 per cent 
and the colour index does not exceed 12 Red; 

- "Off crude oil", when refining losses are below 25 p«T cent and the 
colour index under 20 Red» 

- "Reddish off crude oil", when refining losses are below 40 per cent 
and the colour index under 30 Redi 

- "Low grade crude oil", when the oil doss not »set the above 
specifications. 

»ffHtl* ffil 
Usual trade classification 

In the United States, »CFA recognises tan different grades of refined 

cotton-seed oil, according to extraneous Material oontent, colour,' taste and 

•Mil, and free fatty acid, water and volatile natter content. 

(a)   neutralised olisi 

aspjfMä11: Bust be free of visible extraneous material, 
at »siting point of stearine, colour index not 

exceeding 7*6 Red, sweet taste and SSMII, free fatty acid oontent 
not exceeding 0*123 P«" cast, and misture and volatils natter 
content not exceeding 0*10 per centi 
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T—*" 

-MM 
atty acid 

Xlowt    specifications aa above, except that the 
content mat not exceed 0.25 per cent} free fat 

- Prime winter yellow:    aa prime Burner yellow, but must pasa the 
cold teat laid down in the rule»} 

- Qood off susmyer yellow»     aa prime sumwier yellow, but requireaenta 
for taste and aneli are lesa stringent; 

- Sunnier yellow;    as prime  atanmer yellow,   except that the colour 
index must not exceed 12 Red; 

- Off summer yellow:    may be of inferior taste and smell, colour 
index muât not  exceed 1¿ Red, it must be free of visible 
extraneous material, free fatty acid content must not exceed 
O.5O per cent, and water and volatile matter content 0.10 per cent; 

- Kaddiah off summer yellow:    as off summer yellow, but colour index 
not exceeding 20 Red and free fatty acid content not exceeding 
0»75 P61" cent; 

(b)    Bleaching neutralised oil» 

- Prise bleachable su—er yellow:    no visible extraneous material, 
clear at the melting point of at earine-  sweet taste and smell, clear at the melting point of at earine, sweet taste and smell, 
colour index after bleaching not exceeding 2.4 R«d,  free fatty 
acid content not exceeding 0,25 P*r cent, water and volatile 
matter content not exceeding 0.10 per cent; 

(e)   Bleached olisi 

S» 

 tei    a« prime bleachable summer yellow, except 
e flavour^Buat not be earthy; 

ig winter white:    aa prime Bummer white, but must also pass the 
test. 

International apecifloationa r »00 mm end ed by FAß (19*9) 

The characteristics of. cet ton seed oil are! 

Relative density at 20   C 

Refractive ina« at 40* C 

saponi fi cation indexe»   (a 

Iodine Indexe"   (wija) 
X OH/g oil) 

O.9I8-O.926 

1.4^6-1.466 

189-196 

99-119 

%J   Indi catea the average molecular weight of glycerides in the oil. 

¿j/   Indicates the degree of non-saturation - the iwber of dovale bonds. 
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Unsaoonifiable matter^ Maximum l^gAê* 

Hallen reaction*'' Positive 

The MO document gives as its quality requirements» 

Acids:    below 0.6 mg K Ofi/g oil 

Peroxide:    below 10 mi Ili equi valent s HO /kg of oil 

Colour J    characteristic of the product; 

Steel 1 and taste:    characteristic of the product, without any 
strange sstell or taste, or rancidity. 

Impurities«**   (maxima): 

centage 

Volatile natter at 105° C 0.2 

Insoluble impurities 0.05 

Soap 0.005 

Iron 1,5 

Copper 0,1 

L«*s 0.1 

Armenie 0.1 

The PIO standards specify the types and permissible concentrations of 

authorized additives, and also sampling and test procedures. 

•sitlon of the free fatta 

The composition of the free fatty acids in cotton-seed oil is much the 

whatever the variety concerned« 

Table 15 compares the free fatty acid composition of cotton-seed oil with 

that of 11 other commonly used edible oils (fluid or solid). 

¿8/   Unaaponifiable matter includes sterols, hydrocarbons, tocopherols, 
aliphatic alcohols, and terpenic alcohol«. 

¿V   The Halphen reaction, which is peculiar to cotton-seed oil and omrVm 
rare oils (kapok oil, for instance), is baaed on the cyclopropenic fatty acids 
(malvalle and sterculic acid).    Their concentration in ootton-seed oil varies 
from 0.04 to 2 per cent (average 1 per cent).   There is usually more malvaHc 
acid than sterculic acid.   The acids have special biological properties and are 
mostly removed in refining. 

¿0/   The fDsmypol io saponified during refining and is removed with the 
soap stock. 

j_ 
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The figures for cotton-seed oil are those measured by John L. Iverson 

(Pood and Drug Administration, Washington, United States) in 1969, by gas 

chromatography»*-'     Table 16, which sets out  the results of earlier measure- 

ments, shows some disparity due to differences between cotton-seed oils and 

different test procedures. 

Table 17 shows the iodine indices and solidification temperatures of the 

main vegetable fats, arranging in order of decreasing unsaturation: 

Table 17.    Physical characteristics of some edible, oils 

Natural oil Iodine index Solidifation 
temperature (    C) 

Sunflower 

Soya 

Maize 

Cotton-seed 

Colza 

115-135 -I8.5 to -16 

121-142 -18 to -8 

111-128 -15 to 0 

99-119 +2 to H 
94-105 0 

100-108 -6 to -3 
84-105 -2 to +3 

78-95 -9 to 0 

Sesame 

Groundnut 

Olive 

Palm 44-56 +24     to +30 

Palm-kernel 
Copra 

16-23 
7-9.6 

+19 
+14 

to +30 
to +25 

Source! PAO Commodity Policy Studies,  No. 22, Rome, I97I 

Cotton-seed oil belongs to the first group, the extrañe positions in which 

are filled by sunflower and colza oils««»     The oils of this group have a high 

linoleic acid content, with the exception of Colza oil (C.fl : 2 - a free fatty 

acid with 18 carbon atoas and two double bonds).    As a result! 

31/   For the other oils, the material used consisted mainly of documents 
from ITERCI (institut technique d'études et de recherches de» oorpa gras). 

¿2/   Grape-seed oil also belongs to the first group» 
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- During storage, they rancify more than other oils; 

- They are less resistant to changes on heating,  and are therefore 
unsuitable for frying; 

- On the other hand, the high linoleic acid content is appreciated 
by nutritionists,  since many writers feel that there should "be 
more linoleic acid in food for human consumption,  so as to counter 
high cholesterol levels and their consequences; 

- Linoleic acid is also an essential fatty acid that children, in 
particular, are recommended to take« 

Linolenic acid must also "be considered.    It is undesirable, because it 

oxidizes easily, producing substances that should be kept out of food.    Unlike 

soya and colza oils, cotton-seed oil doeB not contain linolenic acid,  and this 

is an advantage, although hydrogénation, which is mainly intended to solidify 

fluid oils, permits the almost complete elimination of linolenic acid.    This 

can be seen by comparing the composition of natural and hydrogenated soya oils. 

Nain 
fatty acids 

Soya oil 
the natural 

in 
state 

Hydrogenated 
soya oil 

C16!0 10.2 9.7 

c18t 0 4*6 4.1 

^e'1 25.6 51.1 

C18' 2 5U8 35.1 

C18'> 7.8 0.0 

100.0 100,0 

Hydrogénation is therefore less necessary for cotton-seed oil than for 

soya oil, sinoe for the former the benefit is technical (modification of 

consistency) rather than nutritional. 

Colza oil is unique in that it contains little linoleic acid but a large 

amount of erucic acid which has been blamed for provoking cardiopathy in humans 

and animals.    This has led to decreased consumption in some countries, 

Geneticists huve selected varieties of colaa seeds in which erucic acid is 

replaced by oleic acid. 

The first group of oils also includes grape-seed oil which is manu- 

factured in very snail quantities,   drape-seed oil baa the highest linoleic 

aoid content. 
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The solidification temperature of cotton-aeed oil is the highest of all 

fluid oils.    It "becomes  cloudy at  5 -7° G, which is a drawback in winter and 

for storage in refrigerators;     it is cleared by winterization (see chap- 

ter IV.E.). 

The second group of oils (sesame, groundnut, olive),  to which colza oil 

could also be added,  consist mainly of a mono-unsaturated fatty acid:    oleic 

acid.    They are more stable than the oils of the first group and are suitable 

for frying. 

The other vegetable fats mentioned in table 17 are solid oils, - solid 

at normal temperatures,   that is.    Palm oil contains a good deal of oleic acid, 

while palm-kernel oil,   and especially copra oil,  contain mainly saturated 

short^chain fatty acids«    They are used for making margarines and shortenings, 

and are suitable for cooking and frying, 

C,    Interchangeabilité' with other oils 

The criteria governing the choice of fats depend on the intended use. 

The characteristics to take into account include: 

- The percentage of saturated, mono-unsaturated, and poly-unsaturated 
fatty acids; 

- The exact nature of the fatty acids; 

- The solidification temperature; 

- The viscosity at different temperatures; 

- The taste, smell  and oolour. 

Cotton-seed oil, which belongs to the group of oils rich in poly- 

unsaturated fatty acids,  is less stable than the oils of the seoond group 

or the solid oils.    It is more stable than soya oil,  however, because of 

the absence of linolenic acid, which is highly unstable, and the presence 

of tocopherols, which are natural oxidation inhibitors,    Oossypol would have 

the same effect, but it is removed almost completely in refining. 

Hydrogénation has generally permitted a greater interchangeability of 

fats.    Oils with high poly-unsaturated free fatty acid content store better 

without rancification and become more heat-resistant;    they also "acquire a 

solid or semi-liquid consistency suitable for margarine manufacture. 
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Salad olla 

"Salad oils" is the term used for any oils used directly, or in emulsion, 

to season cold foods.    They must be fluid, which excludes all solid oils, 

except in hot countries.    Fractionation of palm oil produces a liquid salad 

oil. 

Theoretically, there is a high degree of interchangeability of oils, but 

local culinary habits limit it. Flavour is a decisive factor; although oils 

can be deodorized,  they cannot be given a flavour artificially. 

In practice,  there are three patterns to consider: 

In countries where purchasing power is low, the public continues, as a 

result of tradition and necessity, to show a preference for oil made from local 

raw materials.    If there is none, the cheapest oils are usually imported. 

In developed countries, the trend is to blend several fluid, neutral- 

flavoured oils, except where certain sectors of the population prefer more 

distinctive oils (olive oil, for example). 

For use in cold dressings (mayonnaise, etc.), the flavour of the oil is 

of little importance,  since it is masked by the flavour of the other ingredients. 

The moat important requirement is that oil should emulsify easily. 

Cotton-seed oil is eminently Buitable for the following three purposes: 

- Traditional  consumption (sometimes there i8 none, but it can be 
created or increased) in cotton-producing countries with low 
purchasing power; 

- For inclusion in salad oil blends in the developed countries.    Cotton- 
seed oil is useful in that it balances the fatty acid content by its 
high linoleic acid contents    this is also a dietetic argument (but one 
that is seldom encountered outside the United States).    It thus competes 
with sunflower, maize and grape-seed oils, and also unhydrogenated soya 
oil, whose high linolenic acid content is a drawback. 

- Use for cold dressings.    This is a much narrower market.    Cotton-seed 
oil produces the right kind of emulsion. 

Frying and cooking oils 

Inter changeability is reduced, because an oil is needed that is not 

changed by heat (frying raises the temperature to l80°-220° C). 
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Pure cotton-seed oil,  like the other oils in the first group, is suitable 

only for low temperature cooking«    It deteriorates less than soya or colza 

oil,  however, because of its lower linolenic acid content. 

After hydrogénation,  the oils of the first group become interchangeable 

with those of the second group and with solid oils for cooking and for frying, 

A blend of oils, whose linolenic acid content is deliberately limited 

(^¡2 per cent),  is being increasingly sold for this purpose. 

Pure ground-nut,  copra or palm oil is excellent for cooking and frying; 

olive oil is also appreciated in the Mediterranean countries,  despite or 

because of the strong flavour it imparts  io the food» 

Spreading fats (margarine) 

Margarine must have a pleasant taste, and be of a consistency (plasticity, 

spreadability, melting point) similar to that of butter. 

With hydrogénation,  fats are almost completely interchangeable. 

The current trend is to increase the proportion of linoleic acid to meet 

the criticism of nutritionists. There is even a small but growing market for 

high linoleic acid diet margarine. 

This could help to develop the use of unhydrogenated cotton-seed oil, but 

it seems that sunflower and maize oils are used increasingly for this purpose. 

Fate used in the manufacture of pastry, biscuits, cakes, and other 
flour-based products 

Since in these industries the fat, which is finely dispersed in an aerated 

and liquid medium, is heated during baking, its resistance to oxidation and 

hydrolysis is a very important factor.    Its Theological properties (plasticity, 

creaminess,  etc.) are also extremely important. 

With hydrogénation and other industrial processing techniques (inter- 

est eri fi cation, fractionation techniques), fats are almost totally 

interchangeable.    In practice, solid oils and animal fats are widely used. 

Pure (unhydrogenated) cotton-seed oil and other fluid oils oannot be used. 
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Animal feeds 

Por "milk substitutes" (meaning foods for young r^mnals), the fats 

employed are mainly suet, copra and palm oil, and lard» 

Pats are added to dry feeds (mixed feed manufactured industrially or by 

the farmer himself) to improve the food intake of adult animals.    The animal 

stomach is not as demanding as the human stomach;     so inferior fats can be 

used.    Price is then the main factor;     interchangeability is restricted to 

animal  fats and certain solid oils. 

Uses" of'fats other than for food 

For many industrial uses,  interchangeability is limited,  and docs not 

extend to  cotton-seed oil: 

- For paints and coatings,  siccative oils are used that have a high 
poly-unsaturated fatty acid (linolenic type)  content  (linseed oil, 
aleurone oil,  some soya oil); 

- Por the manufacture of plastic or artificial textiles,  castor oil 
is used; 

- Por hot galvanizing or cold laminating, palm oil is used. 

There is interchangeability, however, in soap-making, in which fats may 

be combined with a base to give soap (with glycerol recovery) or fatty acids 

may be directly combined with a base.    Nevertheless, interchangeability* is 

limited by the quantities of saturated and unsaturated fatty acids that must 

be used.    For the manufacture of fatty acids,  fats are chosen solely according 

to the amounts of acid or acids that can be obtained by fractionation.    The 

choice is reduced still further if certain acids are wanted that are found only 

in particular fats and cannot be produced by hydrogénation from unsaturated 

acids with the same number of carbon atoms.    The choice is much greater when 

an acid of the stearic type C.g 

genation of oleic acid C,g :  1 or linolenic acid C^ 

nearly all fats and oils. 

In conclusion, oil interchangeability varies according to use, but has 

been greatly extended by hydrogénation. 

Cotton-seed oil is most directly interchangeable with the other oils of 

the first group (sunflower, soya, maize, colza). 

: 0 is wanted:    it can be obtained by hydro- 

s-r, -.  31 which means from 
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VI.    COTTON-SKD CAKE 

A. Cake characteristics 

In the United States, the term "cotton-seed cake" is used for cake ob- 

tained from hulled or unhulled cotton-seed after extraction of the oil by 

mechanical means - hydraulic or screw presses - and the term "cotton-seed 

meal" is used for cake from which the oil has been extracted by solvents. 

The composition of cotton-seed cake varies, depending on: 

- The species of cotton used; 

- The care taken in delinting and dehulling, which are sometimes 
dispensed with (see chapter IV, A. and B.)j 

- The conditions of cooking, which affect the free or protein- 
bound gossypul content; 

- The oil extraction process and the way it is applied (for 
example, the speed of rotation of the press shaft, or the 
solvent chosen); 

- The proportion of certain by-products added to the cake (some 
hull particles, some of the impurities separated in crude oil 
refining). 

Cake is therefore encountered with the following protein (N x 6.25), oil, 

water, crude fibre and ash contents, these being the only constituent usually 

meanured (see table 18)t 

Table 18. Composition of various types of 
cotton-seed cake and meal 

(percentage) 

Proteins Oil Water 
Crude 
fibre ASA 

Hulled cake 20-30 5 -8 4-I5 23 - 28 9-10 
Dehulled cake 37 - 43 3-7 7 - 9 10 - 15 7 - 9 
Meal 40 - 45 0.5 - 2 9-11 10 - 18 2 - 2.5 

There are cakeB for which the figures fall outside the ranges indicated 

in the table, but they are a minority (mainly screw-press extracted oake, 

whose oil content may be as high as I5 per cent). 

Cotton-seed cake also contains varying amounts of other undesirable sub- 

stances: free or bound gossypol, anatoxins, pesticides, solvents, and insect 

scraps (see chapters 1.0. and III.A.). 
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The regulations of the United States NCPA require a minimum protein con- 

tent of 36 per cent.-*'    First grade cake must have a good smell and colour, 

and be free from mould.    The cake can be delivered as it is, or ground to 

varying degrees of coarseness,  from nut sized lumps to flour.    A special cate- 

gory - "low gossypol" - has a maximum free gossypol content of 0.04 per cent. 

B.   Aadno-acid composition, and use for animal feed 

As has already been stated in chapter III, the available lysine content, 

as a percentage of proteins, is: 

- 2.50—3 per cent for cotton-seed cake; 

- 3.10-3.60 per cent for cotton-seed meal after oil solvent; 
extraction with pre-preBsingj 

- 3.40 per cent for meal obtained by direct hexane extraction 
of oil; 

- 3.7O-4.40 per cent  for acetone-hexane-water azeotrope 
extracted meals. 

AB lysine is the first   limiting factor on cotton-seed protein, 

(the other deficient andno-acids are isoleucine, methionine and threonine), 

the oil extraction process greatly influences the nutritive value of cake. 

Table 19 allows a comparison of the andno-acid composition of cotton- 

seed cake and six other cakes. 

AB far as the lysine content is concerned, it can be seen that soya and 

colza proteins have a higher nutritive value than cotton-seed protein, as has 

already been noted, and ground-nut,  sunflower, sesame and linßeed proteins are 

comparable or inferior to cotton-seed protein, depending on whether the cotton- 

seed cake had the oil extracted from it by solvent or press. 

There are, however, other factors to be considered: 

Colza cake contains sulphurous constituents whose hydrolysed products 

have toxic and antinutritional effects.    Although physico-chemical or fer- 

mentation detoxification processes exist, colza cake is of limited use.    The 

recent breeding of new species free of such undesirable components should 

3}/   Except for unhulled oakes, for which the minimum content is reduced 
to 22 per cent. 
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Table 19. A»ino-*cid composition of various cakes 

(percentage) 

T^ 

Elianti al end eewi- 

eitential atdno-acide 

Cotton- 
teed 
cake 

Soya 
cake 

Colia 
cake 

Groundnut 
cake 

Sunflower 
cake 

Secane 
cake 

Lintecd 
cake 

Arginine 

Cysteine 

Hiatidine 

lioleucine 

11.2 

2.0 

2.7 

3.9 

7.0 

1.2 

1.8 

4.7 

5.7 

1.2 

2.« 

3.9 

M.O 

1.4 

2.4 

3.6 

8.7 

2.1 

2,4 

4.6 

10.0 

2.4 

3.6 

8,9 

1.7 

2.2 

4.5 

Leucine 

Lyiine 

4.1 

2.5-4.4 

7.f 

6.3 

7.0 

5.9 

6.5 

3.3 

6.1 

3.5 

6.1 

2.7 

5.9 

3.7 

Methionine 

Phenylalanin* 

Threonine 

1.5 

S.2 

3.4 

1.3 

5.3 

3.9 

I.I 

3.9 

4.4 

I.I 

5.5 

3.0 

l.t 

4.7 

3.6 

2.1 

4.5 

3.5 

1.7 

4.5 

3.1 

Tryptophan 

Tyrosine 

Valine 

1.4 

3.2 

1.3 

3.S 

5.0 

1.3 

2.3 

5.0 

0.9 

4.5 

4.3 

1.3 

2.3 

5.6 

1.2 

4.7 

4.1 

1.6 

2.2 

S.I 

Average protein content 
of oake 40-45 44-50 35 45-50 37-40 45 34-38 
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solve the problem, but it will be some time before they are cultivated 

generally, like glandless cotton-aeed. Moreover, the technique of dehulling 

colza seed has not yet been perfected. 

GroundHHut cake does not contain noxious substances, but is often conta- 

minated, as a result of gathering and storage conditions, by moulds that 

release aflatoxins. 

Sunflower cake does not contain noxious substances. 

The nutritive value of a cake may be adjusted within limits by the addi- 

tion of industrial andno-acids, especially lysine. Such a step must, however, 

be economically justified. 

Generally speaking, soya cake is by far the most widely used, and the 

laws of the market force the prices of other cakes to align themselves rela- 

tive to soya prices. 

The manufacturers of animal feeds are trying to increase profitability 

constantly, and introducing not only the cakes mentioned in table 24, but i 

also additional lysine (and possibly methionine), non-protein nitrogen (urea), 

lucerne flour, plant silage, beet pulp, fish meal, bone meal, blood meal, 

milk powder, lactosérum powder, etc., according to the needs of ruminant or 

non-rumina'-t, young or adult stock. 

For a long time, cotton-seed cake was not used as a feedstuff but was 

simply ploughed back as a fertilizer. This is still done,^» but the use of 

cotton-seed cake as an animal feed is spreading, especially in the producing 

countries. 

Added to cereals, green forage, etc., it is often used to prepare mixed 

feeds for ruminants, which seem to be unaffected by the free gossypol and 

oan even digest some of the cellulose of the hulls. 

Ron-ruminantB (poultry and pigs), however, are more affected by the free 

goBsypol, and the cellulose does not provide them with any nourishment. As 

has been indicated (see ohapter I.O.), the combined action of gossypol and 

oyclopropenic acid causes an unpleasant change in the colour of egg yolks. 

¿4/ Another practice used to be to feed cattle with the seeds just as 
they were after ginning, without extracting the oil. 
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Every effort must therefore be made to reduce as far as possible the free 

gossypol content - without lowering protein quality - and leave few hull frag- 

ments. Glandless cotton-seed varieties will widen the market. The control 

of aflatoxin contamination is also an important factor for non-ruminants. 

Cotton-seed cake can be stored and transported in balk or packed. It 

should not be re-moistened beyond its normal moisture content, or recon- 

taodnated by moulds, micro-organisms, insects and so on. 

C. Pelletization 

Pelletization is a process whereby finely divided cake, often powdery 

and sometimes of low density, and nearly always difficult to handle, is 

compacted and extruded in larger particles, under the action of heat, 

moisture and pressure. 

Modern equipment comprises: 

- A screw conveyor that lifts the cake to the top of the plant | 

- A paddle mixing machine, with a shaft turning at I5O-5OO rpm. 
High-pressure steam is introduced to heat and moisten the cakef 
Water is added if the cake is too dry. 

- A pelletizing chamber, with two or three rollers inside. A per- 
forated drum and the rollers rotate in the Bame direction, at a 
speed of I6O-400 rpm. The meal is pressed between the drum 
and the rollers, emerges through dies, and is cut by two or 
three fixed blades. 

When the pellets have been shaped, they must be cooled and dried, since 

their water content may rise to I5-I6 per cent during the process and the 

temperature rises to 80°-90° C. This is done by blowing air through a uniform 

layer of pellets. The moisture content then falls to 10-12.5 per cent, and 

their temperature to slightly above ambient. The drying and cooling machines 

may be of the horizontal or vertical type. 

The equipment may be preceded by a cake-cleaning device, and followed by 

a screen. 

Occasionally, corrugated rollers are used, to grind the pellets into 

smaller particles. 

At present, most pellets are made from solvent extracted meals, supple- 

mented with refining impurities, whioh act as lubrioants that facilitate 

pelletization and increase pellet cohesion. 

•*— 
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Bquiproent capaoity is 1 ton per hour for every 10 HPj    power varies 
from 30 to 300 HP. 

The volume of the pellets varies fro» 4.1 to 14,3 on3. 
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VII. BY-PRODUCTS AND RESIDUES 

In order to establish from the outset the importance of the two main by- 

products, Untere and hulls, in relation to oil and cake (themselves by- 

products of cotton staple), table 20 shows the breakdown by weight and value 

of the material obtained from one ton of cotton-seed in the United States in 

1970. 

Table 20. Relative importance of various 
cotton-seed products and by-products 

By-product 
Weight 

in pounds 
Average price 
in cents/lb 

Value in 
dollars 

Percentage 
of total 
value 

Oil 325 14.70 47.78 5O.5 

Cake (4l£ 
protein) 927 3.68 34.11 36.0 

Linters 194 3.83 7.-Î3 7.8 

Hulls 468 1.15 5.38 5.7 

TOTAL AMOUNT 1 914 4.95 94.70 100.0 

Source1    US Fat 3 and Oils Statistics. 

The figures show that in the United States linters and hulls account for 

about 8 and 6 per cent respectively of the value of cotton-aeed after ginning. 

A. Linters 

Quality grades 

As wa¡j seen earlier (chapter IV.A.), saw-delinting was the most frequently 

used process and could be carried out in one run, which produced •Wll-run" 

linters, in two successive runs, which produced "first-cut" and "second-cut" 

linters, or even in three or four runs. 

The weight of linters removed depends on the initial weight around the 

seed (0-I2 per cent depending on the Bpecies), the delinting prooess chosen, 

the way the process is applied, and the subsequent cleaning. 
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In the United States, linter grading is based on four parameters: 

- The distribution of the linter fibre length.    First-cut staple 
is generally 2-6 mm long, and second-cut 1-3 mm.    If there 
is only one delinting operation, the linters consist of fibres 
of widely varying lengths, which is a drawback for certain 
uses (the wider the spread of fibre lengths, the lower is the 
market value in general ) ; 

- The extraneous material content (mainly vegetable scraps, dust, 
and hull pepper); 

- The colour (olive green, creamy white, pinkish, etc.); 

- The character, which combines three features:    the range of 
fibre lengths, softness or coarseness, and the degree of crimp- 
ing and knotting.    The character depends upon the soil, climate, 
and species.    It is described by one of the three following 
names:    western, valley,  south-eastern. 

Using these parameters and users»  requirements, the United States dis- 

tinguishes the following seven grades of linters, given here in order of 

decreasing fibre length: 

- Classes 1 and 2 are usually first-cut ; 

- Class 3 is first-cut or mill-run; 

- Class 4 Í8 mill-run; 

- Class 5 is mill-run and second-cut; 

- Classes 6 and 7 are second-cut« 

Classes 1 to 4 are used for textiles, and classes 5 to 7 for chemical 

applications as will be seen. 

For chemical applications, the chemical purity of the linters is most 

important, because the cellulose re<juired must be aB pure as possible.    The 

material must be very clean, with a minimum oxy-cellulose,^"  wax and oil,¿^ 

ash.*-"  and especially iron^-'   content.   Second-cuts are therefore better than 

first-cuts, since they contain less impurities.   Staple length is nevertheless 

not entirely irrelevant, since very short fibres could be lost during washing. 

3Jj/   Oxy-celluloses are soluble in alkalis.    Linters contain 10-30 per 
cent oxy-cellulose. 

¿6/   Waxes and oils are soluble in ether and benzene*   Their concentra- 
tion must not exceed 2 per cent. 

3j/   The usual concentration is 2.5 to 3«5 per cent.    It should be kept 
belovtj per cent. 

3,8/   The iron content must not exoeed 500 ppm. 
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Usee of Unters 

Textile applications 

The United States makes the most use of linters for textiles, 

Linters may be used as they are for making cotton wool or stuffing mat- 

tresses, furniture (armchairs, sofas, headboards), harnesses, etc.    Classes 2, 

3 and 4 are used for such purposes« 

The textile industries make particular use of classes 1 and 3 for making 

felt or yarn for the manufacture of string, wicks, household cloths, blankets, 

dressings, etc. 

Classes 1 and 2, and sometimes 3, may also be used in paper-making. 

Treatment of the linters with ethylene oxide (hydroxyethylation) improves the 

characteristics of the linters. 

Chemical applications 

Short fibres are preferred for chemical applications, which have been 

developed in certain countries such as India. 

Linters are preferred to competing raw materiale such aa wood pulp 

because of their higher •« cellulose content and beoause they are free of pen- 

toaanes and lignin. 

Without going into detail regarding chemical reactions or competing 

materials for eaoh use, one may mention the following nain markets for 

linters for chemical applications: 

- Cellulose acetate production for Ute manufacture of rayon 
(viscose) and photographic fila basée and for injection 
moulding; 

- The production of nitrocellulose, a well-known explosive. 
Linter prices tend to riBe in war-time, as happened in 
1930 in the United States (Korean war).   Nitrocellulose 
has many other uses, however:   automobile paints, artifi- 
cial leather, paper coatings, photographic films, etc.f 

- Carboxymethyl cellulose and other similar derivatives, 
used as thickeners in the paper —king, textile, food, 
detergent and other industries. 

For all chemical applications,. li*«mrs must face competition from oheaper 

products (wood pulp, synthetics, etc.). 
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Economic considerations 

As was pointed out in chapter IV.A., aaw-delinting nay be pointless if 

there is no adequate market for the Unters. Saw-delinting requires heavy 

investment, consumes power, and produces dust and noise. 

Other delinting processes (burning, aoxd- or abrasion-delinting) are pos- 

sible. They destroy the Unters or lower their quality, but are cheaper. 

When all the seed supplied to the mill is very dirty, the linter grade 

will be poor. 

However, the effect of delinting on other processing steps must be taken 

into account. The dehulling of seeds with more than 4 per cent Unters is 

technically difficult, and involves oil and kernel losses; and the kernels 

obtained after dehulling undelinted seeds contain less hull scraps. 

Calculations made by S. Clark (see chapter IV.B.) show that if the average 

selling price of Unters goes above 4 cents a pound, it is best to delint 

before dehulling; below 3 cents a pound, delinting may be dispensed with or 

acid-delinting can be made. 

In practice, it seems that saw-delinting íB always used in the United 

States, in order to keep the linter content under 4 per cent. 

Delinting can be done in one mill-run, two runs, (first cut and second 

cut), or three or four runs, depending on the cost of each option and the 

Belling price of the Unters produced. 

Generally speaking, second cuts sell better than the others, and this 

encourages two-run delinting. Price fluctuations caused by factors outside 

the industry are so large, however, that profitability calculations may lead 

to totally different conclusions from one year to another. The prices deter- 

mine whether seed should be delinted in one or two runs, and the equipment 

must be adjusted to keep a suitable amount of linters on the seeds. 

B. The hullB 

The composition of the hulls was given in chapter I.P. 

After grinding, the hulls can be separated by screens or cyclones into 

two fractions! 
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- Hull fibres, which contain about 70 per cent «(-cellulose, 
with an average length of 3 am; 

- Hull pepper (also called "hull bran"), which contains 
little m-cellulose but large amounts of pentosans and 
lignin. 

The constituents could be even better separated by physico-chemical pro- 

cesses: 

- As lignine and pentaosanes dissolve in hot (l30°-140° C) 
alkaline solutions, almost pure««-celluloses could be 
separated and used for manufacturing rayon; 

- By processing the hull pepper with water, which removes 
gums and ash, and then with sulphuric acid, the pento- 
sane molucules are broken down and xylose is obtained. 
Pento sane G can also be converted into furfurol, which 
is used for manufacturing plastics and paint* 

- Acid hydrolysis of cellulose gives glucose and, as a 
solid residue, ligninf the applications for which are 
limited. 

Hulls are in fact one of those many agricultural by-productB (sugar-cane 

bagasse, maize ears, oat and rice seed coats, coconut hulls, etc., that it is 

difficult to put to profitable use. 

Vf,e fr? farttlfrj+r 

Because of their low density and their composition, hulls are excellant 

humus fixers« 

Use as fuel 

The calori fi j value of husks is about 40 per cent of that of fuel oil. 

However, they must be burnt only in furnaces nade from fire-proof bricks with 

a high alumina content, sinoe otherwise the ash could provoke corrosion of 

the bricks. 

Use as animal feed 

This is by far the most frequent use.   Despite their low nutritional 

value (approximately 50 per oent of that of a good-duality hay), a lack of 

vitamin A and some essential mineral salts, they oan be easily digested by 

ruminants when mixed with feeds. 
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In some countries, therefore, all the hulls are left vdth the cake (there 

ia no dehulling), although the oil yield is reduced (cf. chapter IV.B.). 

The nutritive value of hulls could be increased by degrading the fibre 

with acids and alkalis, so as to increase its digestibility. 

Other uses 

Some potential uses are:    manufacture of active charcoal 

separate extraction of cellulose,  lignin, xylose and furfurol. 
- paper-making - 

C.    Soap stock 

Soap stock is the by-product obtained by neutralization of cotton-seed 
oil. 

It is always dark in colour, and its composition varies greatly, since 

it depends on the quality of the crude oil before refining, the neutralization 

process used and whether the oil is degummed before hand. 

Soap stock contains water, soda soap, neutral oil, fatty acids, pigments 

(gossypol especially, in concentrations from 0.01 to 11 per cent), phosphate», 

resins, carbohydrates and so on. 

The simplest use of soap stock is as raw material in the manufacture of 

soaps and detergents.    This is a frequently used way of disposing of soap 

stock, but is not recommended because of the many impurities in the soap stock* 

which adversely affect the quality of the finished product. 

The fatty acid content of soap stock (either free or bound as soda soap) 

makes it worth while to recover these acids.    Soap stock is treated with sul- 

phuric acid, which combines with the soda and frees the fatty acids, in a con- 

tinuous or discontinuous operation.    The fatty acids may then be distilled* if 

necessary, so as to remove all residual impurities, and to separate relatively 

pure palmitic acid from a mixture of oleic and linoleic acids.    The distilla- 

tion residue, or "cotton pitch", is a mixture of polymerized fats, more or 

less modified fatty acids, various unsaponifiable substances, and impurities. 

Cotton pitch is a black amorphous substance which is waterproof and can there- 

fore be used in the manufacture of varnish»s, paints, coatings (wire insula- 

tion, for example), bitumens, and the like. 
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The fatty acids derived from soap stock are mainly used in soap manufac- 

turing.    They are also used as raw materials in the chemical industry (com- 

pounds  for natural and synthetic rubber,  paints,  varnishes and coatings, 

plastics,  lubricants, metal treatments, cosmetics and toilet articles, cos- 

metology, insecticides, and the like). 

D.    The bleaching earths used 

The oil content of the bleaching earths used varies according to the 

type of earth employed, whether active charcoal was used, and what process 

was used for drying the filter-presses (air or steam injection).    It may be 

anywhere between 20 and 60 per cent.    The oil deteriorates and oxidizes 

rapidly in air, and can be recovered in two ways:    autoclaving with an 

alkaline solution, or solvent recovery in a suitably adapted filter-press. 

Since the oil recovered by the second method is not exposed to the air, 

it ran be recycled, after solvent removal, into the edible oil manufacturing 

process.    The '«equipment required is very expensive, however, and must be 

located well away from other installations because of the risk of explosion 

(especially when hexane is used). 

Oils recovered by the first method can be used for making soap, distilled 

fatty acids and cattle feed. 

E.   Other Sy-prodncts 

Phosphatides (see chapter IV.F»), whioh contain lecithin, my also be 

recovered, but the dark colour of the lecithin makes it uncompetitive with 

soya lecithin. 

The deodorization distillates are 0.1-0,3 per oent of the oil yield, 

They consis1. of free fatty acida, oxidized fat^.y acids, aldehydes and a large 

proportion of unsaponifiable substances that include sterols.    Their recovery 

has been less studied than that of soya oil deodorization distillates. 

P.    Environmental effects 

Cotton-seed oil mills do not cause much pollution. 

Nevertheless, whenever local conditions require that only high-quality 

water is discharged, chemical, and possibly biological, purification will be 

necessary, since: 

-*- 
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- The extraction waterB contain traceB of solvent when solventa 
are used; 

- The water from refinery degumming and washing contains, as 
has been seen, various substances; 

- Deodorization water contains soluble or emulsified distillates« 

Por all effluents, decanters must be fitted so as to allow the recovery 

of fats. 

As to atmospheric pollution, the air around an oil mill is usually 

fairly free of pollution, except the air from the heater chimneys, which con- 

tains sulphur if the fuel used is a petroleum product, or ash if the hulls are 

burnt» 

An oil mill is noisy (conveyors, delimiters, dehullers, presses) but the 

noise level can be lowered by taking certain precautionary measures during 

installation. 

One type of pollution is specific to cake störest when the cakes are 

spread on the ground and moistened, they form a sticky paste that may fer- 

ment» The stores oust be kept clean» 



- 116 

VIII. THE COTTON -SEED MARKET 

A« The main producing countries 

Areas under cultivation and fibre yield and production from 19/3/74 to 

I976/77 (provisional figures) for each country are given in chapter I, where 

information will also be found on the species grown in the main producing 

countries. This is important for the seed processing industry because the 

amount of linters varies greatly from species to species, and protein content 

also varies. 

According to PAO statistics, the movement in world cotton-seed production 

between I970 and 1976, in millions of tone, were as follows: 

1970 1971 1972 1973 1974 1975 1976 

22.1 23.5    24.7    24.9    25.9    22.9 ?3.6 

There was almost n" movement 5 the ratio between the highest production 

(I974) and the lowest (1970) is only I.I7. 

Table 21 shows how the production is distributed among the main producing 

countries, for the years 1973, 1974, 1975, and I976. Pour countries produce 

almost two-thirds of world production« China, India, the Soviet Union, and 

the United States (there is some uncertainty about the statistics for China). 
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B. Comparison with other oleaginous planta 

Table 22 shows (in millions of tons) the production of the main oleaginous 

seeds from 1970 to 1976. 

Table 22. Production of main oilseeds I97O-I976 
(million tons) 

Seed 1970 1971 1972 1973 1974 1975 1976 

Soya 46.5 48.5 52.3 62.3 56.9 68.9 62.1 
Cotton 22.1 23.5 24.7 24.9 25.9 22.9 23.6 
Groundnut 18.4 19.2 15.9 17.0 17.3 19.6 I8.5 
Sunflower 9.9 9.7 9.5 12.0 10.9 9.4 10.0 
Colza 6.7 8.1 6.8 7.x 7.2 8.4 7.5 
Copra 3.6 3.9 4.4 3.7 3.6 4.5 4.9 
Linseed 4.1 2.8 2.5 2.4 2.3 2.5 2.5 
Sesame 2.2 2.0 1.9 1.9 1.9 1.9 2.0 

Sourcet PAO Production Yearbook. 1976, Rome, 1977. 

The seeds are classified in order of decreasing tonnage. 

Cotton is second, but is far behind soya. 

It is also useful, however, to compare the average oil and protein con- 

tents of the various seeds, with the exception of linseed, the oil from which 

cannot be used for human consumption. 

Table 23. Protein and oil contents of various oilseeds 

Average percentage content of oilseeds 

Seed 
Oil Protein 

Soya 

Cotton 

Dehulled groundnut 

Colza 

Sesame 

Sunflower 

Copra 

20 

19 

48 

51 

50 

39.6 

69 

42 

21 

19 

20 

25 

13 

7.4 

Souroei WIBO, 11^126. 

¡/   Some authors give higher figures, from 16 to 24 per cent. 
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According to Table 24,  the position of cotton-seed ia not particularly- 

good J    although its oil content is practically the same as that of soya,  the 

latter contains far more proteins;    and groundnuts, colza, sesame and sun- 

flower seeds contain far more oil,-**'  which is the main factor in turning 

seed to piofitable use. 

This reasoning is only partially valid, however, since it neglects 

differences in yield per hectare and makes no allowance for lint, which is 

peculiar to cotton and the basis of its value;     cotton-seed is a by-product of 

the fibres. 

As a result, the trade prices of cotton-seed oil and cake are not based 

on specific production costs, but are aligned with those of the other oils and 

cakes - particularly soya - by coefficients that raise or lower the price 

depending on differences in the composition of the oil (cf.  chapter V) and 

cake (cf. chapter VI).    The coefficients also fluctuate according to the market 

(supply and demand ratio), stock levels,  crop forecasts and so on. 

C.    International trade in cotton-seed 

Only a minute proportion of world production - about 1 per cent - is 

traded internationally. 

Cotton-seed contains little oil, has a large proportion (40 per cent) of 

low-value hull, is of low density and is difficult to handle.    Many countries 

are equipped to use it locally, either in the natural state for animal feeding, 

or separated into oil and cake. 

Producing countries wishing to export prefer to sell oil and cake, so as 

to avoid high transport coats for a merchandise which contains only 50 per cent 

useful material. 

Table 24 shows the main exporting and importing countries in 1976, 

¿^   Copra is aleo richer in oil, but is rather a different case. 
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Table 24.   Main cotton-seed exporting and importing countries in 1976 

Exporting country 
Seed exporta 

Thousand,tons Percentage 

World 227.3 100.0 

Africa: 63.4 27.9 
Mali 
Ivory Coast 
Chad 

16.0 
11.4 
10.0 

7.0 
5.0 
4.4 

America: 96.3 42.4 
United States 
Nicaragua 

64.8 
31.2 

28.5 
13.7 

Asia 14.6 6.4 
Europe 2.4 1.0 

USSR 49.8 21.9 
Oceania and Australia 0.8 0.4 

Importing < ;ountry 
Seed importe 

Thousand tons Percentage 

World 236.3 100.0 
Africa 0.5 0.2 
America! 70.6 29.9 

Mexico 64.1 

Asia: 117.1 49.6 
Japan 
Lebanon 

95.0 
22.0 

Europei 48.1 20.3 
Greece 46.0 

USSR, Oceania and 
Australia 0 0 

Source: •book. 1976, ROM 1 1977. 
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D.   Movement of cotton-Beed prices 

The price of cotton-seed depends on the characteristics and quality of 

the seed, the terms of sale (production price, wholesale price,  import prices 

f.o.b. or c.i.f,), and the countries concerned.   If the prices are all con- 

verted into dollars per ton, it must be borne in mind that the exchange rate 

varies» 

All the following figures are taken from PAO documents, particularly the 

Monthly Bulletin of Agricultural Economics and Statistics. 

1. Production price 

In Egyptî    44-49 $/ton from 1975 to 1977^2/ 

In the United States:    75-145 $/ton from 1975 to 1977 

2. Wholesale price 

In India:    109-216 t/ton from 1975 to I977 

3«      Import price 

In Japan, for cotton-seed from former French West Africa: 
I63-256 t/ton c.i.f.  from 1975 to I977 

In Europe (Antwerp, Rotterdam):    for cotton-seed from Sudan,  c.i.f,1 

Year 1972     I973     1974     1975 

Dollars/ton       106        I53        230       219 

As a comparison, the PAO Monthly Bulletin gives the following price ranges 

for soya beans for the period 1 January 1975 to 31 December 1977: 

For the United States producer, 157-338 $/ton 

For the United Kingdom importer, c.i.f. United Kingdom, 186-393 $/ton. 

This shows the price difference in favour of soya bean. 

E,    Mode of delivery and transport costs 

Transport costs are an important element of the final price of cotton-Beed, 

When, as frequently happens, the seed must be carried by sea, it may be 

carried in two ways:    in bulk in the hold, or in containers. 

40/    "From 1975 to 1977" means that prices were analysed month by month 
during the three years but only the highest and lowest values are given. 
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Container transport avoids bulk-breaking on loading and unloading, and 

protects aeed quality better.    When quantities permit, however,  it is more 

economical to carry cotton-seed in bottoms of 2,500 to 3,000 tons.    Costs 

may be reduced further by grouping shipments so as to permit the chartering of 

bottoms of 10,000 tons. 

Table 25 shows the cost elements in I978 for shipments from the 

Ivory Coast and India to a French port.    They are based on current conference*» 

rates. 

Table 25.    Cotton-seed shipment costs 
(dollars/ton) 

Prom To Packing 
Basic freight 

cost Supplements Total 

India Prance Containeis 70 30 100 

Ivory 
Coast 

Prance Bulk 
(2,500-3,000 tons) 

24 8 32 

Ivory 
Coast 

Prance Bulk 
(10,000 tons or more) 

20 7 27 

Sources:    Compagnie générale maritime. 
Burry Rogliano Salles. 

It can be seen that container, or even bag, shipment is possible for snail 
42/ 

quantities,3-'   The costs are far higher than for bulk shipment, so the latter 

is more frequently employed. 

P,    Quality standards 

The definition of cotton-seed quality standards has been much studied 

since the beginning of the twentieth century« 

In the United States, "grade" is determined by multiplying a quantity 

index by a quality index, and dividing the result by 100. 

41/   "Conference" means the group of shipping companies serving the same 
regular lines.   There are, for example, two conferences between the eastern 
coast of the United States and the northern European ports.   Shipping traffic 
is thus distributed in several "conferences" within which the companies agree 
on identical freight rates. 

42/   Containers 20 or 40 feet long (27 and 54 m   useful capacity respec- 
tively) may be used. 
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The quantity index 

The quantity index can be calculated by the following formulai 

i - 4 pl + 6 p2 + p3 + 5 

wherei 

PI = percentage of oil 

P2 - percentage of ammonia 

P3 - correction for the percentage of Unters 

P3 is determined as follows« 

Percentage linters 
on seed 

10*6 and higher 
10.5 

10.4 to 9.0 

8.9 to 4*0 

3.9 to 0 

Correction 

premito = (percentage linters   -IO.5) x 1.0 
None 

rebate - (10.5    -percentage linters) x 1.0 

rebate - [(9,0    -percentage linters) x 2.0] 
+ 1.5 

rebate = [(4«0   -percentage Untere) x 2.5] 
+ 11.5 

Prime quality cotton-seed 

Prime quality cotton-seed is cotton-seed containing less than 1 per cent 

extraneous material, 12 per cent moisture, and 1.8 per cent free fatty acids. 
It is allooated a quality index of 100. 

"Below prime quality*' cotton-seed 

When the above-mentioned figures are exceeded, the quality index is reduced 
as follow« 1 

A deduction of 0.4 for each 0.1 per cent of free fatty acid 
over 1.8 per cent) 

A deduction of 0.1 for each 0.1 per cent of extraneous material 
above 1 per cent; 

A deduction of 0.1 for each 0.1 per cent of molature above 12 per cent. 
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"Off-quality" cotton-seed 

Off-quality cotton-seed is cotton-seed that has gone throu#i processes 

other than the usual ones (cleaning, dehydration, ginning, sterilization), 

hot or fermented seed, or seed containing more than 12.5 per cent free fatty 

acids, 10 per cent extraneous material, 20.2 per cent moisture, or 25 per cent 

moisture and extraneous material combined. 

"Below grade" cotton-seed 

When the grade, calculated as indicated above, is below 40, the seed is 

designated "below grade", and no grade is indicated to the buyer. 

The United States grading given above dates from 1963. It is rather 

complicated and presupposes that sampling is done correctly. It has the 

advantage, however, of providing a reference scale based on many factors which 

faithfully reflects the future oil and cake yields. 

Other countries, such as India, use other systems of classification. 
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IX. THE COTTON-SEED OIL MARKET 

A. World production 

World production of cotton-seed oil averages just over 3 million tons 

(table 26). 

Table 26. World cotton-seed oil production 

1977 
(provisional 

1972  1973  1974  1975  1976   figures) 

World cotton-seed 
oil production 
(million tons) 

Percentage of world 
cotton-seed pro- 
duction 

2.79  3.01  3.15  3.30  2.83 

11.3  12.1  12.2  14.4  12.0 

3.76 

As the average oil content of cotton-seed is 19 per cent, it ~an be seen 

that only some 65 per cent of the seed tonnage is used for oil extraction. 

Tables 27 and 28 permit a comparison of cotton-seed oil production with 

that of other fats. Table 27 shows that between 1973 and 1977 (provisional 

figures), cotton-seed oil accounted for 6-8 per cent of world edible and non- 

edible fats production. 

Table 27* World cotton-Beed oil production compared 
with total fats production 

1972  1973  1974  1975  1976 

1977 
(provisional 

figures) 

World cotton-seed 
oil production, 
as a percentage 
of total world 
fat production 7.1  6.7  7.2  7.2  5.9 7.8 

The comparison also shows that world cotton-seed oil production lies far 

behind that of soya oil, a little behim that of sunflower oil, and on the same 

level as that of groundnut oil. There is also a steady rise of palm-derived 

oils (palm oil extracted from the fruit pulp, palm-kernel oil extracted from 

the kernel; world tonnage of the former is six times that of the latter). 
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Crude cotton-seed oil production in the United States, from 1974 to 1976 
was as follows 1 

1974       1975        1976 

Crude cotton-seed 
oil production 
(million tons) 0.686     O.551     O.446 

Table 28. Annual world oils and fats production, 1973-1976, 
and forecast for 1977 

(million tons) 

Raw material 1973 1974 1975 

8.27 

1976 

10.10 

1977 
(provisional 

figures) 

Soya 7.38 9.30 9.53 
Sunflower 3.58 4.51 3.97 3.56 4.17 
Colza 2.41 2.37 2.50 2.47 2.43 
Palm 2.25 2.61 2.94 3.23 3.58 
Fish 0.80 1.00 0.97 O.91 0.99 
Groundnut 2.91 3.O5 3.01 3.45 3.28 
Lard 

Laurácea«' 
4.26 4.46 4.33 4.30 4.50 
2.95 2.69 3.27 3.53 3.36 

Cotton-seed 3.01 3.15 3.30 2.83 3.76 
Other edible 

products b/ 7.17 7.22 7.09 7.57 6.66 
Tallow and fats 4.43 4.92 4.70 4.70 4.80 
Other non-edible 

products 0/ I.51 1.67 I.50 I.52 1.45 

Total 42.66 46.95 45.85 48.17 48.51 

United States 10.64 12.34 10.18 II.50 10.83 
Other countries 32.02 34.61 35.67 36.67 37.68 

Sources   National {tenderers Association, IS 176. 

•/ Coconut, palm scrap and babas s ou oils. 

b/ Sesame, safflower, maize, olive, butter and whale oils, 

0/   Castor and linseed oils, oitioio oil, tungsten oil, olive and 
•peni oil residues. 
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B. International trade in cotton-seed oil 

Cotton-seed oil is mainly consumed in the producing countries; only 

10 per cent of world production, or an average of 300,000 tons a year, is 

traded internationally. The United States is the main exporter: in 1976, 

for example, of a world exported total of 280,000 tons, the United States 

accounted for 244,000 tons. The main importers in I976 were Egypt 

(138,000 tons), Venezuela (27,000 tons), Iran (20,000 tons), Japan (13,000 tons), 

and Turkey (11,500 tons). 

It is interesting to compare international trade in cotton-seed oil with 

trade in other edible vegetable oils (see table 29). 

Table 29. World trade in various oils in I975 

World exporta in I975 

Edible vegetable 
oil from» 

Soya 

Palm 

Copra 

Cotton-seed 

Sunflower 

Palm-kernel 

Colza 

Sesame 

Other 

Total 

Thousand As 
tons percentage 

1,364 21.1 

2,046 31.6 

1,031 16.0 

405 6.3 

375 5.8 

624 9.6 

259 4.0 

353 5.4 

3 - 

8 - 

6,468 100.0 

Table 29 shows that cotton-seed oil does not play an important part 

(some 6 per cent) in international trade in vegetable oils. 

Soya and palm oil together account for 53 per cent of world edible 

vegetable oil exports, and it is estimated that the figure could rise to 

67 per cent in 1990. The economic needs and stunuli combine to develop soya 

cultivation throughout the world. The United States still dominates the market, 

but areas under cultivation are rapidly increasing in Brazil and Argentina. 

.-a- 
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The main contribution to the rise in edible oil resources, however, will 

be palm oil. World exports are already 2 million tons, which is an increase 

of four times in the last ten years* Malaysia has been chiefly responsible for 

the increase. Production there in I967 was 200,000 tons and is now 

1,500,000 tons. Malaysia expects to be producing 5,500,000 tons by 1990» 

Other countries are also developing their production, especially the Ivory Coast 

and Indonesia. Allowance must alBo be made for palm treeB planted throughout 

the world which have not yet reached fruit-bearing age, or are not yet giving 

maximum yield. These trees will probably offer an additional one million tons 

of palm oil in the next three or four years - an increase of 30 per cent. 

As a result, the share of cotton-seed oil in world vegetable oil pro- 

duction will fall, as will its already tiny share of exports. Another conse- 

quence, which affects all oilseeds, is that a reductio»*» in oil prices is 

expected» 

C. The price of cotton-seed oil 

Crude oil 

According to PAO, the average wholesale price of crude oil, in tank cars, 

f.o.b. Valley Points (United States), was $600/ton in 1975» t514/ton in 1976, 

and t578/ton from January to September 1977« 

Semi-refined oil 

The cotton-seed oils traded internationally are always semi-refined, and 

correspond to the prime bleachable summer yellow grade, which is a first-grade 

neutralized oil intended for bleaching« A definition was given in chapter V* 

Table 30 permits a comparison of prices (c.i.f, Europe) for various oils 

between i960 and 1976. 

International trade prices for cotton-seed oil are very similar to or 

slightly below those of groundnut oil, almost the same as those of sunflower 

oil (except from 1966 to 1969) 1 and substantially higher than those of soya oil* 

But the price differences vary in absolute and relative valueB, since oil prices 

are very sensixive to all the factors that affect the supply and demand ratio, 

particularly climatic conditions, which affect harvests, and also currency 

fluctuations and speculation. 

¿y In real value, after correction for inflation. 
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A comparative study of price chart lines shows that there is a correlation 

between the different oils. 

Cotton-seed oil traded inside the producing countries is usually crude or 

neutralized oil (India). 

International and domestic trade is thus mainly in semi-refined cotton- 

seed oils. The reason for this is that crude oil has to he neutralized very 

quickly, since otherwise the coloured pignents may fix irreversibly} this 

happens within a few days or weeks, so it is inadvisable to store or transport 

crude oil for long periods. 
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D» Effect of transport costs depending on mode of delivery 

For small quantities, oil may be shipped in containers, but shipment is 

usually by special tankers. Table 31 gives some examples of costs. 

Table 31. Cotton-seed oil transport costs^* 
(dollars/ton) 

Basic freight 
Prom        To     Packing       cost     Supplements  Total 

India        France  In tank 65 25        90 

208 

United States 
(East Coast)   Prance  In containers    180 28 

Sources: Compagnie générale maritime. 
Barry Rogliano Salles. 

a/ Conference rates. 

It can be seen that tanker transport is much cheaper, partioularly sino* 

ww letter terms may sometimes be obtained. 

dmmUJaaLJuSíiNH£S£ 

The quality standards to be met by cotton-seed oil are listed in 

chapter V.A. 

F. Trade praotioe 

On domestic markets, millers often sell to refiners and margarine manu- 

facturers directly or through brokers. 

On international markets, it is the large commercial firms and brokers of 

the main centres who trade. Some of tlie trade flow is connected with special 

export regulations in the United States. 
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X.    THE COTTON-SEED CAKE MARKET 

A*    World production 

Table 32 shows the production of the main producing countries in 1974- 

1976 (in thousand tons of cake). 

Table 32.    Cotton-seed cake production 1974-1976 

USSR 

United States 

China 

India 

Pakistan 

Brazil 

Turkey 

Mexico 

Argentina 

Approximate total 

1974 1975 1976 

1 6CO/1 800        1 8OO/2 000 1 6OO/1 800 

1 910 1 510 1 230 

900/1 100 900/1 100 1 000/1 200 

900/1 000 900/1 000 900/1 000 

500/ 600 450/ 600 300/ 400 

400/ 5OO 350/ 45O 300/ 400 

300/ 400 300/ 400 200/ 400 

200/ 300 200/ 300 100/ 200 

50/ 100 100/ 200 90/ 150 

7 235 7 035 6 25O 

Source t   C. Robert,  1977. 

The table is incomplete, however, since it omits several countries whose 

production is not negligible»    Colombia, Egypt, Guatemala, Nicaragua, Paraguay, 

and the Sudan« 

Table 33 permits a comparison of world production of various cakes, ex- 

pressed in thousands of tons of protein. 

The table shows the dominant position of Boya cake, but cotton-seed cake 

comeB second, and accounts for about 13 per cent of total production. 

It is interesting to note that, world cotton-seed production having 

averaged 24.6 million tons in the period 1973-1975. if it is assumed that the 

protein content is about 21 per cent, the potential protein tonnage is 

5.2 million.    Since cake production is equivalent to 3,660,000 tons of protein, 

it appears from this rough calculation that only 70 per cent of world cotton-seed 

Bjtak 
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tonnage goes to produce cake. As was seen in chapter IX.A., a similar 

reasoning applied to oil led to a proportion of 65 per cent, which is quite 

comparable, as could be expected. 

Table 33« World production of various cakes 

Cake 

Soya 

Cotton 

Groundnut 

Sunflower 

Colza 

Linseed 

Copra 

Miscellaneous 

Total 

Cake protein production 
(average value  197V1Q7SÌ 

Thousand tons As percentage 

17 270 

3 660 

1 990 

1 630 

1 340 

470 

280 

490 

27 130 

63.7 

13.5 

7.3 

6.0 

5.0 

1.7 

1.0 

1.8 

100.0 

Source» FA0 statistics. 

B« International trade in cotton-seed cake 

Cotton-seed cake ìB traded in far larger amounts than cotton-seed and 

cotton-seed oil. The figures for I972-I976 were as follows: 

19J2    ¿o/Q    1QJ4    i2J¿    1976 

Total exports of cotton- 
seed cake (thousand tons)   1 419   1 428   1 07I   1 O88    894 

Table 34 shows the main exporting and importing countries in 1974, I975 

and 1976. 

It will be noted that the flow of imports is almost entirely to Europe, 

with Denmark as the major importer, followed by the Federal Republic of Germany« 

The exporting countries are distributed more evenly across the world and 

are to be found in Africa, America and Asia.^» The main exporters, are India 

and Turkey, followed by the Sudan and*Argentina. 

4j/ There are even some European countries, Greece for example, which 
import and process seeds, consume oil, and export cake. 
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Table 34. Statistica of international trade in cotton-seed cake 

1 

1974 1975 1976 

Thousand  As per- 
tons   centage 

Thousand  As per- 
tons   centage 

Thousand  As por- 
tons   centage 

Exporta 

of Tanzania 

Africa 

Egypt 
Ethiopia 
Mo aambique 
Sudan 
Uganda 
United  Republic 

America 

Argentina 
Brazil 
Colombia 
Guatemala 
Nicaragua 
Paraguay 
United States 

Aiia 

India 
Iran 
Paid. 3 tan 
Turkey 

Europe 

Denmark 
Germany, Federal Republic of 
Greece 
Italy 
Netherlands 

Union of Soviet Socialist Republics 

Total world 

215 

(23.5) 
119.8) 
(22.8) 
(55.8) 
(26.6) 
(39.7) 

363.3 

!24.2 
86.2 
29) 
6I.5) 
73.7) 
18.5) 
44.6) 

386.5 

(145.9 
(43.2 
(14.7 

(152) 

95.8 

(16.9) 
(0.6 

(60.8) 
(11.4 
(0.3) 

10 

1,071 

20.1 

33.9 

36.1 

8.9 

1.0 

100.0 

25Ô.6 

(38.2 
' (13.0 

(18.4 
(93.7 
(16.1 
(43.3 

289.6 

!59.2) 
19.1 
60.4 
27.7 
70.4) 
20.6) 
14.4) 

444.2 

(192.4) 

23.0 

(12.5) 
(217.8) 

98.8 

(I5.7) 
(0.9) 

(75.4 
(4.3 
(o.2) 

5 

1,088 

26.6 

40.8 

9.1 

0.5 

100.0 

217.2 

17.0 
14.4 
13.0) 

(100) 
(16.2 
(28.8) 

310 

(95) 
(3.5) 

(44) 
35) 

(60) 
(28) 
(29.5) 

262.6 

(130) 

(30 
:\) 

104 

(8.9) 
(12.9) 
(63.0) 
(0.07) 

(10.6) 

894 

24.3 

34.7 

29.4 

11.6 

100.0 

Africa 

Rhodesia 

America 

United States 

Asia 

Europe 

Denmark 
German Democratic Republic 
Qermany, Federal Republic of 
Ireland 
Netherlands 
Norway 
Poland 
Sweden 
United Kingdom 

Union of Soviet Socialist Republics 

Total world 

14.7 

(11.2) 

6 

(3.1) 

5.4 

946.7 

(372.2) 
(46) 

(I6O.7) 
(4.8 
6.1 

(26.8 
(46.7) 
(64.5) 
(68.5) 

973 

1.5 

0.6 

0.6 

97.3 

100,0 

Imports 
14.4 

(11.8) 

2.8 

(0.6) 

1,024 

(500) 
,(58) 
(I78.6 

(7.5 
(2.8 

(20,8) 
(70 
(71) 
(34.7) 

1,046 

1.4 

0.2 

0.5 

97.9 

100.0 

14.8 

(12.4) 

14 

(12) 

850 

(433.6) 
(30) 

(I7O.4) 
(17) 
11.4) 
20.8) 
50) 
56.3) 
32.5) 

879 

1.7 

6.1 

96.7 

100.0 

Sou^a»    FAQ Trade Yearbook. 1976. Rom» 1977. 

Ute 
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Table 35 shows the position of international trade in cotton-seed cake in 

relation to trade in other cakes. 

Table 35«    World exports of various cakes 

Cake 

Soya 

Groundnut 

Cotton 

Copra 

Sunflower 

Colza 

Palm kernel 

Total 

World exports of cake in 1975 

Thousand tons 

8 745 

1 158 

1 II5 

697 

358 

272 

374 

12 719 

As percentage 

68.8 

9.1 

8.8 

5.5 

2.8 

2.1 

2.9 

100.0 

Cotton-seed cake occupies third place in international trade,  far behind 

soya cake, but almost on a par with groundnut cake. 

In practice,  trade between cake producing and consuming countries are often 

an extension of traditional flows:    Prance, for example, continues to import 

considerable amounts of groundnut cake, because it started to do so regularly at 

the time when its colonies covered a large part of Western Africa, but it imports 

very little cotton seed and cake. 

C.   Cotton-seed cake prices 

Wholesale prices 

The monthly bulletins of agricultural economics and statistics quote 

separate wholesale prices for cotton-seed cake and cotton-Beed meal, i.e. press- 

extracted cake and solvent-extracted meat. 

The average price on the Copenhagen exchange for Danish 46 per cent protein 

cotton-seed cake wast 

Year Dollar a/ton 

1975 174 

1976 214 

1978 (January to August) 247 
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United States 41 per cent protein cotton-seed meal was Bold in bulk in 

Memphis (Tennessee) at an average price of: 

Year Dollar e/ton 

1975 131 

1976 175 

1978 (January to July)       212 

Import prices 

The same PAO monthly bulletins indicate the average prices c.i.f. Liverpool 

for 43 per cent protein cotton-seed cake from any origin as: 

Year Dollars/ton 

1975 172 

1976 207 

1977 (January to July) 255 

"Oil World Semi-Annual" gives the average price c.i.f. Hamburg of a 

45-46 per cent protein cotton-Beed cake for 1975 as I53 dollars/ton. 

Comparison with other cakes 

It is interesting to compare the wholesale prices (taken from the PAO 

monthly bulletins) for a cotton-seed seal and a soya-bean meal, both sold in 

bulk, in the United States (see table 36). 

Table 36.    Comparison of cotton-seed cake and groundnut 

cake wholesale prices in the United States 

Average 1975    Average 1976   Average from January 
 to July 1977  

Cotton-seed cake 
(4$ protein) 

Soya-bean cake 
(44$ protein) 

131 

147 

(dollare/ton) 

175 

190 

212 

258 

The comparison confirms the slight price advantage in favour of soya oak«. 

The prices for ground-nut cake are usually about the same as those for 

cotton-seed cake. 
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D»    Effect of transport costs^depending 
on mode of delivery 

Because of the large quantities involved,  cake ìB almost always shipped 

in bulk, in special holds (tanks).    Por a delivery from India to Prance, the 

cost  is 27-32 dollars a ton, including supplements.    The cake ìB loaded and un- 

loaded by special high-capacity handling equipment which eliminates almost all 
human labour. 

Bags and containers are little used.    They are suitable only for small 

tonnages and are costly.    As an example, for a container delivery from India 

to Prance, the transport cost, including supplements,  is 100 dollars/ton. 

During transport, care must be taken that the cakes are not remoistened 

to above their normal moisture content, or re-contaminated by moulds, micro- 

organisms, insects,  rodent excrement, etc. 

E.    Quality standards 

The quality standards for cotton-seed cake are given in chapter VI.A. 

*•   The importance of cake in the profitable exploitation 
of the constituents of cotton-seed 

Table 20 shews the importance of cake in relation to the other 001ton-seed 
by-products. 

Q.    Trade praotice 

International trade is usually through international trading firms, 

commercial brokers and distributors who work directly with the animal feed 

manufacturers. 

In some seed and cake producing countries, exports are strictly regulated 

by the Government.   Trade may be the responsibility of a State monopoly, or may 

be left to the initiative of trading firms, subject to legal stipulations that 

may, as an example, set quotas. 

£$/ The sources used are, aa for the carriage of oil and seed, the 
Compagnie générale maritime and Burry Rogliano Salles. 
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H. The developing countries 

AB is the case of ground-nut cake, transport costs from the producing 

countries to the main European consuming countries are fairly high in relation 

to the value of the product. It would therefore be in the interest of the 

producing countries if they could sell their output locally, except that in 

most developing countries there are virtually no animal feed industries, since 

there is no market based on intensive breeding. There is very little local 

demand, therefore, and the unexported cake is either fed as it is to the cattle, 

or simply destroyed. 

The development of the domestic market for ceke in those areas depends, 

therefore, on stock-breeding development, which depends in turn on local meat 

consumption habits. Generally speaking, breeding is extensive and, despite 

the efforts of some Governments, it is still a long way to the industrial 

threshold tha' would coincide with a rapid rise in demand for cake. 
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