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Explagatory notes

Reference to dollars (§) are to United States dollars unless otherwise .
stated.

The following adbreviations are used in this publications

AOC8 Amsrican Oil Chemists' Society

INCAP Institute of Nutrition of Central America and Panams

1CP Liquid cyclone process

KCPA National Cottonseed Products Association

ORSTOM Office de la recherche scientifique et technique
dtoutre-mer

PAG FAO/WHOAINICEF Protein Advisory Group

SRRC Southern Regional Research Center

SRRL Southern Regional Research Laboratory

The following technical abbreviations have been useds

oot Cost, inasurance, freight '
fe0ube Free on board
H Hydrogen ion conoentration

The designations employed and the presentation of the material in this
pablication do not imply the expreesion of any opinion whatsoever on the
part of the Secretariat of the United Nations concerning the legal status of
any country, territory, city or area or of its authorities, or ooncerning
the delimitation of its frontiers or boundaries.

Mention of firm names and commercial products does not imply the endorse-
ment of the United Nations Industirial Development Organization.

The views and opinions expressed in this publication are those of the
suthors and do not necessarily reflect the views of the secretariat of UNIDO,
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I, THE RAW MATERIAL

As The classification of cotton

The cotton tree belongs to the family of Malvaceas, Hibisoeas tride, genus
Gossypium. Some botanists (Edlin, 1935) place the Hibisceae tribe in the
family of Bombacaceas 80 a8 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 01d 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 Mchenjo Taro (Pakistan) and others, f
dating back to 2400 BC, in Peru (Lagidre, 1966). f

The cotton tree is normally a perennial plant, as 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cultivated formerly, but the perennial varieties have gradually been replaced
by annuals whose cultivation could be extended to more northern regions,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, less than
1 m high.

The glassification of Gossypium 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 sections, and that culti-
vated cotton trees can bs divided into four main species - O, arboreum,

G, herdaceum, G, hirsutum, and G, barbadense, each divided into many sub-
species and varieties (Lagidre, 1966).

Gy _arboreum and G. herbaceum

Gossypium arboreum and Cossypium herbaceum are species cultivated in the
01d Worlde G. arboreum can be divided into six sub-spscies, and J. herbaceum
into five, according to geographical origin.




(. arboreua

Sub-species indicum: consists of a perennial variety found in western
India, Madagascar, and the United Republic of Tanzania, and an anmual
variety found in India,

Sub-species burmanicum: predominately fxronnisl, but with annual
varieties. Found in Burma, Bengal, Assam, Viet Nam, Malaysia, and the
Indian archipelago.

Sub-species cernuum: annual, cultivated in Assam and Bengal.

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

Xoresan peninsula and Japan,.
Sub-species bengalense: an annual found in northern India and Pakistan.
Sub-species sudanense: a peremnial cultivated in Sudan and West Afrioa.

G, herbaoceum

Syb-species persicum: annual, found nowadays in Iran, Afghanistan,
western Pakistan, Soviet Central Asia, Iraqg, Syrian Arad Repudlio, Turkey,
Ureece and the Mediterranean islands,

Sub-species kuljianum: annual, suited to the short susmers and oold
winters of Central Asia (USSR, Sinkiang) where it is found.

Sub-species whightianum: an anmal from western India.

Sub-species acerifolium: perennial from Afrioa (Sudanese region,
Ethiopia, oases of Egypt and the Libyan Arad Jamahiriys) and the Ared
oountries,

Sub-speocies afrioanum: a peremnial found in South Africa.

T™he linters remaining on G, arboreum and 0. herbmoeum after ginning
are not very thickt they acocount for betwsen 3 and 5 per cent of total seed
weight, and sometimes as little as 2 per cent; so the seeds look almost dare.

gglnim hirsutum

Gy hirsutum originates from the New World, It inoludes one wild sud-
species from Hawmii, O, tomentosum, and seven cultivated sub-species (garie-

galante, tatum, palmeri, yucatanense, morrillii, richmondi, latifolium)




which have spread throughout the cntire world from their origin (southern

Mexico and Cuatemala), The three main sub-species are marie-galante,

punctatum and latifolium:

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 Cuianas and West Africa (Chana, Togo,

Ivory Coast and elsewhere).

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

out the tropical and semi-tropical regions: Central Ame:ica, 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).

Qe hirsutum is the species that has benefited most from selection work,
mainly in the United States, to improve the yield and quality of cotton
fidbre under local conditions (climate, soil, etc.)s 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 southe One, "sea island" or "lowland cotton", originated in
the Antilles; its meed, which retains no linters after ginning, is black or
brownish-red,1 giving rise to the name '"black seed". The other variety,
which originated in Mexico, retains thick grey or white linters after gimning,
and is called "upland cotton". "Upland cotton'", which gives a higher yield,
superseded "lowland"-and has given rise, as a result of selection work,
especially since 1850, to many varieties. The complete classification cannot
be given here, but the more commonly known verieties are derived from the
following 16: fox, empire, rowden, mebane triumph, western mebane, lankart,

ter, macha, hibred, delfos, extra-long-staple upland, miscellaneous
upland, delts pine, stoneville, coker 100, and acala (Lagidre, 1966). The
last five types are particularly important; most of the 16 (some of which
are divided into sub-types) are represented by several varieties,

1/ The bulk of the cotton-seed is usually black, tut may vary in shade
from brownish-red to jet-black.




Some G, hirsutum varieties are cultivated not in the United States, but
in other places to which they have been acclimatized: Brazil, US3R, Africa
(Chad, Nigeria, Uganda), China, India, and elsewhere.

Ce barbadense

Gossypium barbadense, which alsoc comes from America, has two sub-speciess

Geo brasiliense: in north-eastern Brazil, Central America, the
Antilles, Africa and India.

Ge 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.

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

Qs barbadense varieties with medium staple (ashmouni, giza 66), long
staple (giza 47, dendera, giza 67) or extra-long staple (menoufi, giza 45 or

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

Ge barbadense, derived from Egyptian varieties.

B, Cotton varieties cultivated and cultivation areas in
% mAin‘pro ucing countries

United States

Cotton growing started in the states bordering on the Atlantic
(Virginia, the Carolinas, Georgia, Louisiana) and gradually spread from the
end 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

Ge hirsutum,
The cotton-growing area can be divided into four main regionss
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The South-East (North Carolina, South Carolina, Georgia, Alabama,
lorida, Virginia), where moderate rainfalls impose a need for
additional irrigation, and the s0il is poor. The fields used are

often small,

The central South, also called "the delta", includes all the
states Sorasring on the Mississippi and its affluents (Misaouri,
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
Zouth (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
ary region with deep, rich goils 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 growm in
Transcaucasia (Azerbaijan, Armenia). The climate is dry and continentalj
80 irrigation is essentials The soil, which is generally deep and rich,
is sometimes too salty.

The first species cultivated was O, herbasceum, which still accounts for
much of the production. Upland varieties were introduced around 1880, and
G, barbadense more reoently.

Chi

Five production areas can be distinguisheds

The %}u basins the main production area which accounts for
more per cent of the cultivated area. Rainfall is
soanty and badly distributed.

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

The North-West area (Xinjiang)s irrigation is necessary because
of insufficient rainfall,

The North-Bast area (the Laokai basin).
The Southern area, with abundant rainfall.

The traditional species are G, herbaceym and G, srboreum. The latter
was imported from India more than a thousand years ago. Uplands were intro-

duced t» 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 Gs hirsutum, G, arboreum

Northern Central area Gy arboreum

Southern Central area G0, arboreum, G, herbaceum, G. hirsutum
Southern area Ge hirsutum, G. arboreum

Western area G. herbaceum

Eastern area G+ arboreum

Some G, barbadense can be found along the coasts (sea island, andrews).

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

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

G, herbaceum, and 40 per cent with G, hirsutum. G, barbadense is planted

in negligible quantitiesa,

Pakistan

The varieties grown in Pakistan are similar to those grown in India,
but there is a greater proportion of O, hirsutum, derived from upland,

Brazil

There are two clearly separated production areas in Brazil: the South
(Sac Paulo, Parana and Minas Gerais states) which provides about two-thirds
of the harvest, with upland varieties, and the North-East where the main
varieties are either perennial !92_2 or herbaceous annual varieties,

Egpt

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-etaple 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.

g/ Derived from a complex mixture of genes from G, hirsutum (marie-
galante), G, hirsutum latifolium, and Q. barbadense brasiliense.

These are improvements of former varieties introduced from Africa
or the United States,
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Turkey
The cotton areas are as follows, in order of decreasing importancet
Tchoukourcua (Adana), in north-east Cyprus
Rgea (Imir)
Antalys, in north-west of Cyprus,

G. herbtaceusm (also called yerli), which was grown in Nrkey for more
than a thousand years, has now been slmost completely replaced by upland,
Some G. barbadense may alsc be found,

Mexico
U

Most of the Nexican varieties are uplands brought from the nearby
United States cotton balt,

Sudan

As in Rgypt, most of the cotton grown in the Sudan is §. barbadense,
although some upland varieties are growm without irrigation in the south,

i O

Peru
The main variety growm in Peru is J, barbedense.

C. The physiology of the cotton plant
Pive phases can be distinguished during the life of the cotton plant.
(Legidre, 1966).

The _sprouting phase

The sprouting phase, f-om germination to the time the cotyledons unfold,
lasts for six to 30 days, and requires both moisture and heat. Water must
reach the embryo for the biochemical germination process to start, Even when
water is present, gerwination 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 dest conditions are therefore a scil temperature of 250-300 Canda
s80il humidity of 90 per oent saturation.




The seedling phase

The seedling phase, from the time the cotyledons unfold until the
plant has three or four leaves, laats 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° C, an air temperature of 25°-30° C, and moist (not saturated) aerated

80ile

The seedling phase is of critical importance for the future development
of the plant; ary lack of soil nitrogen will make itself particularly felt.

The pre-flowering phase

The pre-flowering phase, from when the seedling has three or four
leaves until flowering begina, lastas for 30-35 days during which the seedling
grows quickly. The first flower bud usually appears 35-45 days after
sprouting. Subsequent development is so fast that a new bud is formed every
three days.

Moisture, air and warmth are of course important, but the most important
factor during this phase is soil fertilitye. The more fruit-btuaring branches
there are, and the longer they are, the more numerous will ve the flowers.
The number of flowers is therefore proportional to the size of the plant,

The flowering phase

The flowring phase lasts for 50-70 days. Bach flowr opens 20-25 days
after the bud forms. The rate of flowring is accelerated by a warmer and
drier climate, The growth of the cotton plant slows down from the beginning
of the flowering stage.

Pollenization of the cotton flower usually ocours on the day the flower
opens, The ovary has two to six oarpels, each of which bears eight to
12 ovules,




- 15 -

The capsule ma‘uration phase

The capsule maturation phase lasts for 50-80 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 18-4%5 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 17 ge 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 fibres called lint.

(e hirsutum seeds are also coated with a thick down of shorter fibres called

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

does not have a secondary cover and after ginning - the separation of lint
from seed -~ 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 capsule along the carpel suture lines)., The cotton fibres then fluff
out and dry gradually with the seed.

The temperature also plays a part: 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.

Ds Cotton cultivetion

The method of cotton growing depsnds on the type of farming (extensive
or intensive culture, small plots or large farms, etc.) and the stage of
economic development of the grower countries, In the United 3tates, for
example, cultivation is highly mechanized, while in Africa manual labour is
the only means, Elsewhere, the situation is an intermediate one: 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 s0il must be well drained. It must also be fertile, since the
plant develops bushy vegetation within a few months. Cotton exhausts 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 & way
to combat leaching and erosion of the soil: the cotton plant, which covers
the soil for only part of the year, does not perform this function.

The choice of rotation system is & 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 whcole cotton tree cycle lasts 166 days; in
less favourable conditions, it may last 205 days. Sinoce 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
cotton is geographioally limited to tropical of subtropical regions, and early
varieties must be selected for countries with cold winters (the Soviet Union,

for example).

Fertilization

Nitrogen is the most important element for the cotton tree, and the soil
is often lacking in nitrogen. The amcunt applied in the form of fertiliszers
varies from 40 to 200 kg/ha.

Phosphorus deficiency is the second most common problem after nitrogen
deficiency. Phosphated dung provides some 20-80 kg of 1'205 per ha.

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

4/ ¥itrogen fertilimre include ures and ssmonia.
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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 cottonyis 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: efforts to reduce costs, or a shortage of
labour. The seeds thus harvested are mingled with impurities (capsules,
leaves, small branches), however, which nust be removed afterwards, by
processes that reduce the fibre strength. Unripe capsules may also be pioked,
whioh entails economic losses. Equipment manufacturers have tried to over-
oome these drawbacks, but without complete success. DBefore the maohines
start work, defoliants are spread so as tc ensure that the leaves do not mix -
or rather mix less - with the mseed cotton.

There are twc types of mechanical harvesters

Strippers, fitted with rollers, brushes or rakes which literally oomd
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 drums. As the drums rotate, they turn the pins, which also rotate.
The pins enter the cotton plant, and catch on the cotton of the open capsules.
To make the fibres catch better, the pins are moistened by a humidifier.
Inside the machine, the fibres are taken off from the pins by a carder. In
some pickers, the pins are replaced by a suction system or an eleotriocal
system that attracts the fibres on to electrically charged strips or fingers.

"Seed cotton” is the sesed complete with lint, as distinot from cotton-
seed, which is the seed from which the lint has been removed by ginning.
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The pickers?! ocutput is about half that of the strippers but the seed
cotton they harvest contains fewer impurities,

Cotton pests

There are many cotton pests, falling into two categoriess: micro-
organisme (fungi, bacteria, viruses), which are responsible for many cotton
plant diseaees; and parasitic insects.

In the humid tropical areas, diseases cause a loss of approximately 15
to 25 per cent.g The percentage loes due to insects is not kmown, 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 culiivated areas, production and yields

A8 the economic value of the staple for textile purposes represents
80 to 90 per cent of the value of cotton products, compared with 10-20 per
cent for the seed, it is not surprising that international production siatis-
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 grams and as & percentage of
different parts of mature cotton plants

Plant pert Weight “M} Percentage
Roots 14.55 8.80
Stems 38.26 23.15%
Leaves 33.48 20.35
Capsules 23.49 14,21
Seedn 38.07 23,03
Lints M 10:w

;7 Bven in the United States, losses were still estimated to be
16 pe¥ ocent of production in about 1960,

L=
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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 & 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 resulis
are only approximate, however, since the lint percentage in the whole seed
depends on tﬁa variety and many other factors. The ratio is usually from
30 to 43 per cent, with the following ranges:

Variety Percentage
0. arboreum and

o herbaceum 30-33
Q. barbadense 30-34
G, hirsutum 33-39

(40-42 for some varieties)

Tables 2, 3 and 4 show the movement over the last few years of
cultivated acreages, yields and production in the world. It can be seen
that in 1976/77 (provisional figures), lint yields in the main producer

countries were as followss
isld
Sountry (&/”5)

Brasil 232
China 479
Rgypt 139
India 14345
Nexico &2
Pakistan 205
Peoru 633
Sudan 349
Turkey 176
United States 521
USSR 91

Souropt Quarterly tulletin of the Intermational Ootton Mvisory
Committes, World Oottan Statistios, Octoder 1977,
vol.31, Nos, 2 and 3,

e .




Converied into thousand tons of lint, 1976/77 production (provisional
figures) of the main producer countries are therefore:

Country Thousand tons
Brazil 499 ]
China 2 363
Bgypt 396
India 1 084
Mexico 221
Pakistan 3%
Peru 67
Sudan 152
Turkey 470
United States 2 298
USSR 2 645 !
Total for the
11 countries 10 585
World total 12 %05 !
;
Souroce! 1bid,. |

Te eleven countries considered thus accounted for 84.6 per ocent of
world production in 1976/77.

F. Desoription and composition of oottwd

The complete cotton-seed comprises the lint and the seed proper. Unless
otherwise stated, the word "seed" will henceforth be used in this study to
mean the seed cleaned of lint.

The seed thus defined has three main componentss
The linters (alsc called "fuzz") mede of all the short-fidres
still attached to the seed after ginning,

The hull or spermoderms,
The kernel or ambryo.

The proportions of the three components depend upon the varieties, the
growing conditions, the climate, the moisture comtent of the seed, the seed
asturity, the storage conditions, the processes undergons, and so on. We have
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Table 2, Areas planted under cotton, and lint yields
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Tadle 2 (Cont'd)

oty amm T' nae
wiwre_| weym | im0 [vss | wem Lons [TER(T |
NN |, » m 0» )
poreit ol LR BT SR S, - - - S - B
e . ... .. ) " 0 " e » [+ " "
e, PLOP NP 12,0 12,000 12,000 12,300 - " o )
mla . ... .. 8. N8 ] A8 8. 11]] " » m
el " "2 n " 0" W
e ....... 1 1% » 1 m 1 ”ne m
ey .. .. » ” ‘% W 100 LI 1N 1,989
WA, NP N » » " » m . ] !
Maisiom . . . .. O L0190 48N 4.0 " ™ " W
WA ... " " e " 1 " " o
T WA L .. L. " " " ”» ] » " 1+
. y ... ... 1,60 1.0% 156 1.9 " o " 1
“:i "X X » » » » ™ m m "
T %H. ; ; ; W W '\
W-. ...... M) () 1% 1% m ] m w
T n 1 " " m m ns ]
g .. . . " " ) 1 "w 0 "n
MR, 00, » m T4 » " " » "
....... e o o " 1 N m 1
....... 1,08 1.987 .9 L ' " " "
1900 const. 1 " " 15 » ») 1 »
...... » » » » " - ® [ "
n ] 1 » m ] o "
... ... 1] o) ol o] » " » »
Mmoo ”n n ne " " m » "
e | R B 8 & B OB OB OB
L ”n » .4‘ [ %8 " m ;g
T Y 1 128 L9 1,000 ) ” 7 ]
g, ... .. n » (3 " m e » )
W ek . ) g uia” |.$ 13 & ‘u'; :n 3?
wimia . .. .. | we 0 w » 1 " ] )
ey 1.4 1.0 L EERE ) o " » [
" WA " 192 " " 1] " 0 ”m
L R o~ ) e N " n n
Wi o el il
L CR LT 0,30 @ N NIM m m » »
MEMMIST COMIRNS [ 16,990 19,30 WA 1.0 ) " .-
nuwan. . ... |00 0w e M » » m "
-w—d. MRS

i v e . .



- 23 -

Table 3, Production of cotton staple

(thousand bales)
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s/
y Based on ginnings within season.
¢

Revised series.
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Tabdle )} (Cont'd)
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Table 4. Production of long and extra~long staple cotton
(thousand beles)

e —
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already said that the proportion of linters is zero for G. barbadense,
3-5.5 per cent (sometimes even below 2 per cent) for G. arboreum and G. herbaceun,

ani 8-12 per cent (sometimes reaching 15 per cent) for G. hirsutum.

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)3

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

Linters Hull Kernel Total
g. hirsutum 9.5-12 36-40 50-53 100
average 10.5 average 308 average 51.5
g. arboreum and 4-5 43-46 50-52 100
G, herbaceum average 4.5 average 44.5 average 51
g. barbadense 0 36-41 59-64 100
average 38.5 average 61.5

It must be noted that some authors detemine the percemtages with reference
to the dehydrated seed weight, which may slightly affect the results.

We shall now examine the three components of the seed.

IQ@ ;i;r_g ers

Like the lint, the linters are nearly pure cellulose (95-97 per cent -
cellulose). Part (10-20 per cemt) of the cellulose, however, is in the fom
of unwanted oxycelluloses, which are easily detected because they are soluble in

alkalis. One must also reckon 0.2-1.5 per cent oils and waxes soluble in ether
or benzene, and 0.5-2.0 per cent ash.

The hull

The hull has three main constituentet cellulose, penton.nte-/ and lignin.
The proportions depend on the same factors as are memtioned above, but remain
within the following limits (Murti and Achays, 1975)s

1/ A few varieties exceed the values, but they are exceptions.

%/ Pentosans are the result of combdining one molecule of glucoronic acid
(in the form of a polyuromide) with 10-16 xylose molecules.



Eerceptage Average
of-cellulose 15-47 44
Pentosans 19-35 30
Lignins 15-25 21
Proteins 1.50
Fate C.8%
Ash 1.80

kernpel

Subject to the same comments on variations in proportions, and the causes,
the figures below (table 6) show the usual range of the two most important
components of the kernel - oil and proteins. The protein is obtained by multi- 5 ‘
plying the nitrogen content by the Kjeldahl coefficient (6.25), or by other
methods (lm3 x 5.13).

Table 6. O0il and protein content of coiton-seed kernels

(percentage)
011 Protein
S. hirsutm 30-40 31-41
average 15 average 36
S-_arvorew about 3¢ 2135
average 31
S. herbecoyn about 32 29-37
average 13
g: barbadepse 36-42 31-38
average 19 average 34 .5

Percentages, of course, are not the only factors the seed woight,
indicated by the "seed index" (weight of 100 seeds, ranging fram 7 to 17 grems),
is also importamt, and so is the lumol/ucd weight ratio. All these factors
are variable and affect the cil and protein yields per hectare.

The kernel comtains other camponents besides oil and proteins, but few
studies have been made of them. They include carbohydrates (approximately
14 per cent of dry weight), sade of momo-, di- and trisaccharides, pectins,
dextranes, hamicelluloses and cellulose, but 1ittle or no starch. The main
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carbohydrate is the trisaccharide raffinose, which accounts for 5-10 per cent
of dry weight. The kernel also contains phosphorous derivatives (mainly
phytic acid salts and phospholipida), mineral substancea, 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 limters + hull + kernel,
or only the kernel. The results are very similar, however, since the linters
and hull contain very amall proportions of those components.

The following can be taken as average percentages:

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

0il Protein
S: hirputum 20 21
G arborews 18 16
G- herbacoum 16 17
. ense 24 21

There is a considerable spread around these averages.

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

Table 8. General composition of the seed

as percentags of

Constituent seed weight
Water 10
0il X
Proteins 2
Ram cellulose )
Ash 4
Other ¢}

(carbohydrates, etc.)
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Seed cotton
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Figure 1 recapitulates ihe main 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.

G. Qosgypol
E!ml ip the cott@—nnd

The cotton-seeds, and also the other parts of the cotton plant, are
dotted with oval or spherical pigment glands with a major axis 100 to 400 p4
long. The glands are distributed irregularly in the kermel. They are
enveloped in several layers of epithelial cells, inside which are various
pigments. The main such pigaent is gossypol, which is Yellow in colour and
accounts for 20-40 per cemt of the weight of the gland and 95 per cent of the
weight of pigaent.

There are other substunces in the pignent gland, besides gossypols
gossypurpurin (purple); gossycserulews (blue), which is not a constituent of
the rew seed but appears during heating; gossyfulvine (crange and very rare),
which is found mainly in seeds stored in very damp conditions; gossyverdurine

(green); flavonides; anthocyanins (violet); ocarctemoids; ohlorophyll;
resins; etoc.

It is therefore understandable that the pigments give an orn‘c/yollou
colour to the cotton-seed 0il amd flour.

Gossypol is insoluble in water. Whes the pigaent glands of a ground
kernel are put imto water, however, their membrames break dows rapidly, usually
&t & single poinmt, and the pignemts flow imto the water, fram which they then
precipitate.
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Gossypol is soluble in methanol, ethanol, isopropancl, n-butanol, ether,

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

glycol, and pyridine; it is slightly soluble in glycerol, cyclohexane and in
high-boiling (100°-110° ¢) petroleum ethers; it is insoluble in low-boiling
(300—600 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 membrancs, 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 phenoclic binaphthaldehyde.

Gossypol content of various species df cotton-seed

The classical varieties of cotton-seed all contain gossypol, and this is
why they are called ''glanded cotton-seeds", to distinguish them from the
glandless cotton-seeds, which will be dealt with elsewhers.

The gossypol content depends on many factors, but is between 0.3 and 2 per
cent of the seed weight.

The content is generally lower in §. herbaceum than in G. hirsutum, and
highest in G. barbadense, but the test results are so comtradictory that not

to0 much reliance must be placed on this.

The disadvantages of gossypol

Colouring of the peed and products 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 fomation of free
fatty acide and the breakdown of pigment glands. Gossypol spreads 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
‘obton-ue a1 o1l 10 an associuted phenomenont the eggs laia by hens fed with

cotton-seot canes show a strange colouring after being ctored for ome time -

fhoownaite o prnk or redy and e yolk turns brown or olove-green, Thio 1s
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due to the combined action of gossypol and of two fatty acids present in small
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 proteins 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 gossypol appears as the result of a combination with the
protein amino acids, and especially with lysine. This gossypol-bound lysine
can no longer be assimilated. Bound gossypol, moreover, reduces protein

digestibility by inactivating the proteolytic enzymes.

Once it has appeared inm cotton-seed flour, gossypol is 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 salte or potash. Gossypol is well-
tolerated by ruminants, however.

Cotton-seed has long been eaten by certain African tribes, generally during
famines or in the periods between food-crop harvests. Serious oedemas 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 form cf ash water.

Ihe peparstion of Rimment glands {rom cottop-seed
Pigaemt gland flotatiom

The pigment gland flotation process was developed at the Southern Regional
Research Center (SRIC) by Bostnerts group in 1946. The group moted that the
density of the pigaemt glands (1.26-1.38 g/m>) was lower than that of the
extraglandular kernel tissue (1.40-1.45 ¢/cm>) and the hulls (< 1.45 g/om°).
They exploited these differemces by disimtegrating cotton-seed flakes violemtly
in a slurry of hexane and various cther heavy solvemts mixed in proportions that
gave a resulting specific gravity of 1.378 g/am’. The glands that float to the

9/ The principal bimding site is thought to be the free E-emino-group of
lysine.
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surface can be mechanically separated from the oils and the gland-free tissues,
which precipitate out. The degree of comminution must be set carefullys 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 mmall for separation
to take place. Anocther difficulty is the need to use heavy solvents, which were
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) settle more slowly in a hexane suspension than
particles of hull, pigment glands or kernel particles larger than 404 .
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
econamically attractive to industry.

Air olassification

Air classification is a prooess developed by Meinke and Reiser. Cotton-
seed kernels with a comtrolled moisture content are ground, the oil is homn-;
extracted, and the solvent-free meal is disimtegrated in an attrition mill.

The meal is finally air-classified. PFrom the original meal comtaining 1.08 per
cent free gossypol and 50.6 per cent protein, air-classified ooctton-seed flour
containing 0.88 per cemt free gossypcl and 62.4 per cemt protein has been
obtained.

Liquid oyclome process (1CP)

The liquid cyclome process, developed originally by Mmkku.,
oad subsequently refined by Gardner ¢t gl., is the first econmic and worksble
procsss capable of removing pigaemt glands fram cotton-seed to produce a gland-
free, high-protein, edibdle flour. It is applied to dehulled seeds that have
been ground in hexane into mmall particules. The pigment glands do not break
down if the meal has less than 4§ per cemt wate The suspension is then fed

[

0/ Recent work has shown that the glands do not break down when the water
oconmt is well above 4 per cemt, provided the watsr contains certain mineral
salts such as sodiwm, alwminium, ssmoniwm, cadmivm or copper sulphate; or
caloium, ferrous or magnesium chlorides. Sodivwm sulphate is especially imterest-
ing, because it does not affect protein solubility. The ICP procsss can thus be
aaployed with various acqueous solutions.
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imo 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 simplet the heavy particles move to the botiom 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 ICP process was built in 1973-1974 in Lubbock, Texas
(United S‘tates). 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 mm thick. PFiner grinding
(as 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 lolidl,w is agitated as it is fed
imto the cyclones. There are two sets of double cyclones (each consisting of a
primary and a seconlary cyclone). This arrangement increases throughout and
produces better separation.

The liquid cyclones classify the slurry imto a gland-free fraction oon-

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

comtaining 43-45 per cent solids. After adjustment of classification, the two
fractions undergo different treatments.

11/ This solids level is a campramise between the fluidity needed in the
cyclone, solvent costs, and yield.
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The gland-free fraction is fed into a rotary vacuum drum filter that
removes mowt of the solvemt. During filtration, the oil comtent of the solvemt -
free meal is reduced to about 0.6 per cent. Residual solvemt is removed in a
rotary blender: the cake ie heated to 82° C, and nitrogen gas is injected to
strip the remaining solvenmt (which must be below 50 pmm). During stripping,
the temperature may be increased to 93° C for maximum 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 drums with double
polyethylene liner bags under sterile conditions. The camposition of this
flour, which is intended for human consumption, is given in table 9.

Tadble 9. Composition of cotton-seed flour intended for human consumption

Constituents Percentage
Water 3.66
0il 0.62
Pree gossypol 0.0}
Total gossypol 0.12
¥itrogen 10.54
Protein (nitrogen x 6.25) 68.40
Availadle lysine, g/16 g ¥ 3.94
Pidre 2.4
Ash 7.-54
Residual hexane (35 ym)
Carbohydrstes and other 17.23
constituents

Sourcet Plains Co-operative 0il Nill documents.

The gland-rich fractiom comtains 3~5 per cemt gossypol, proteims, solvemt
(with 0i1), and water. The diverted protein is less than 35 per cemt of the
total. The slurry is pmped into a damk for dilution with hexane apd fram there
1980 & second set of two oyslomes for further deasity separstion. The heavy

e e




fraction from these cyclones is pumped into a mixing vat feeding a rotary
vacuum filter. The hexane is removed together with the oil. The filter cake
is freed of residual solvemt, which is recovered, and is then ready to be used

in cattle feed.

The drawback of the process is that the low-gossypol fraction accounte
for only part of the kernel weight, as is shown in table 10.

Table 10, Composition of the various cotton-seed fractions
in hexane extraction

100 kg of cotton-seed givel kg
Limters 10
Rull 38
011 18
Low-goseypol flour 18
High-gossypcl cake 13

Sevurces Flains Co-operative 0il Mill documents.

Proa a practical standpoint, an ICP plamt for food-grade cotton-seed
flour must be associated with a cake mill, because:
- Pood for human consumption requires high-quality raw material with
a minimum of hulls;

- The separation and recovery of hexane and oil are more econamical
when they are carried out in a larger millts facilities;

- The gossypol-rich by-product can be cambined with other animal
feed stuffe produced by the oil mill.
The lubbock mill was built with am initial daily capacity of 25 toms of
low-gossypol flour. The capacity cam be doubled subsequently.

Bmeoval of gossypol {rom cottop-geed oi]

Gossypol can be removed fram cottom-seed 0il by several chamical reagemts.
It is well known that the treastment of raw oottop-sesd 0il with alkalis or
alkaline salts removes not only free fatty acids (wmed as .soap stock), but also
gossypol. It is reported that soap stock obtained from cotton-seed oils in
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India comtain as much as 20 per cent gossypol. Other chemicals used to

remove gossypol from cotton-seed o0il include sodiwm hypochlorite, p-aminobenzoic
acid, anthranilic acid, diethylenetriamine, hydrogen peroxide, borax,
p—aminosalicylic acid, and sodium silicate.

oval or i ivation of gossypol coptai i ton-seed c
Various agents can be used to remove gossypol from cake, or inactivate it.

The addition of 2 per cent stearylamine to kermels during cooking in a
high-humidity enviroment yields cakes with a level of free go8sypol below
0.01 per cent. The cakes have good nutritiomal values and do not cause any
disagreeable coloration of hens' eggs. i

Gossypol can also be extracted with ether enriched with acetic acid, or l
with other solvents (acttone-lzootmpic mixtures such as hexane-acetone-water {
or butane-acetone-hexane-water, and additives, or a solution of ethanolamine ‘
in ethanol).

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

e devel 2 4 lesas cotton-se

Techniques for removing gossypol fram cottom-seed flour have not become
widespread, since they require complioated, high-cost devices that do not
remove the gossypol completely.

A more attractive approach is offered by glamdless cotton-seed, which
appeared in 1959, as a result of work by the American geneticist MoMichael.

An enormous selection campaign began immediately to develop varieties
suitable for the United States, and extensive research was done to determine
their characteristios and advantages. The work dome at the USDA Southern
Regional Research Laboratory in New Orleans and im the Pood Protein Research
and Develoment Center at Texas A & N University deserves particular mention.

The two genes now used by the geneticists who are developing glandless
varieties were reported by Ndlichael and are desigmated 312 and ¢13- The first
approach taken was to use backcrossing. It was hoped that the glandless genes
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312 and 313 could thus be incorporated into existing varieties and that
within a very few years, all the United States cotton-growing areas would be
planted with glandless varieties.

This required further research work, which is still going on. The
original Gregg 25 V and Watson gl 16 glandless varieties were replaced by
others whose fibre yields are practically the same as those of the glanded

varieties grown in various areas of the United States (table 11).

Table 11. Fibre yields of glandless breeds and glanded
controls in some improvement programmes
(United States, 1975

1 2 3 4 9 6 1
Best glandless breed 671 994 842 960 647 804 T35 i 1

Glanded control 682 929 828 918 599 723 T29
(lb/acre)

Glandless breed yield as 98 107 102 98 108 111 101
|

percentage of glanded comtrol
yield

Jources Buffet, 1977.

The preference shown by scme (but not all) species of imsect for glandless
varieties by some insects is a matter of greater concernt the resulting
differences in yield depend on several factors and may be serious.

In California, for example, the acala 68160 glandless variety gives a
yield 99 per cent of the acala average, unless it is attacked by Lygus, when
the yield falls to 83 per cenmt if comtamination is high.

Out side the United States, Egyptian research produced a glandless variety
derived from J. barbadense called Bahtip 110, obtained by tresting Jisa 45
with radioactive phosphorus. Bahtin 110 produces a less abundamt orop than
gizs 45, the ginning yield is 3 per cent higher, and the staple is NhoTter
and weaker.

The Indian Padpawar glandless (Bgl) and Indore glandless (Igl) warieties
are also more liable to sttack from imsects than the glanded Dadnsyer ] comtrol
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variety; if insecticides are used, however, yielda for at least smme glandless
subvarieties (Bgl 6, Igl 68-1, Igl 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 number of African countries.

Generally speaking, glandless varieties regquire more pesticides and more
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. ﬁ

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 dollara)s

Dollarl[ acre Percggt age

Sced 48.00 13.30
Lint 312.00 86.7T0
Total 360.00 100.00

Although the absence of gossypol will reduce the cost of refining the oil
and will permit the use of cottion-seed protein for human and monogastric animal
feeding, the increase in the value of the seed may not be a sufficient incentive
for the famer to strive to adapt.

It may be hoped, however, that the breeders will manage to make the gland-
less varieties more insect-resistant, so 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 camposition 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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The PAO/MHOAINICEP Protein Advisory Group (PAG) has set a maximum gossypol
content for cotton-seed protein concenmtrates (delipidized flours) for human

consumptions
Total gossypol 1.2
Free gossypol 0.06

This rate has been used as a dbasis for legislation in various coumtries.
In India, for exmmple, the limit is 1.1 per cemt for total gossypol and

0.065 per cemt for free gossypol. USDA lowers the limit for maximum free
gossypol to 0.045 per cemt.
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II. STORAGE, TRANSPORT AND GINNING OF COTTOR

A. Rigks of deterioratiop duripg storage

Internal or external biochemical changes may seriously affect the quality
of the seed at various stuges:

When it is still attached to the plamt in the field;
During transport and storage before ginning;
During storage after ginning.

Mmong 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.

lnterpal biochemical chapges |

Internal biochemical changes manifsst themselves by the release of heat
anl an increase in free fatty acid comtent, which together cause the colour f
of the o0il 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 moisture}
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 temperaturs can reach 55° C within ten days
or so.

The heat released ocmes from the comdustion of kemel carbohydrates asd
pemtosanes in the hulls <the proteins are not metadbolized, but are partially
hydrolised and densturated. The lipolysis of the oil casuses, &s has already
been mentioned, an increase in the free fatty acid oomtent.

Semtaminstiop by micro-organisme
Contaaination by micro-organiams takes place only when the moisture
costent of the sesed exceeds 15 per cent.

The micro-organimss likely to attask the seed are either bacteria
(mt_zm) when the moisture contemt is very Righ, or, as is more ofteam the
case, fungi, the two main species of which are pepicillive and agpergillus
(Llaves, glmicus niger, eto.).
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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 persigts in the flours and oils.

Asgerﬂ' llus flavus contamination appeare 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 ways

to fight Aspergillus flavus:

Preventing the growth of Aspergillus flavus mould in the raw materialj

Using techniques to separate contaminated products fram uncontaminated
ones;

Chemical treatment to inactivate the aflatoxin;

Solvent extraction to remove the aflatoxin.

The first method of inhibiting fungus growth is to harvest the cotton-
geed 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 flgvus contamination. The use of chemical agents
to counter moulds (maleic hydrazide, or propylene glyco. 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.

Ozone oxydation of cotton-seed flour for two hours destroys 90 per cemt
of the aflatoxin.

An even more certain method is to extract aflatoxin by polar solvents such
a8 an azeotropic mixture or acetone-hexane-water, 2-propanol and water, and
solutions of acetone or ethanol.

Such 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 pemitting -
by sprzading 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 claseical famm drying has been losing ground
for some forty years for the following reasons:
- The develomnent of mechanical harvesting shortens the harvest
period; so the secds are delivered to the fam 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 ae soon as poesible;

- Neans of transport have also developed and make it poseible

to move the seed rapidly from the famm to the ginning factory.

The seed cotton is moved from the plantation to the factory by trailer.
1f, when the harvest is at its peak, the factory is not equipped to store the
seed cotton, the trailers may acoumulate at the farm or the mill, and this
oan seriously affect the quality of the lint 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 raduced.

Worse still, seed cotion absorbs moisture during storage from the green
vegetable matter harvested with it. This vegetable matter comtains an average
of 40~60 per cent water before the camplete drying of the leaves and before
the frosts.

The traditional uystem for unloading seed cotton at the ginnery consists
of a blower unit, a separator, and an automatic control unit. The blower
supplies sufficienmt air to a telescopic tube to suck the seed cotton from the
trailer, and the separator separates the seed cotton from the air stresm. The
sutomatic comtrol unit oonsisis of a hopper, two vacuum wheels, and a netering
device: it enables the seed cottom to be dirested to drying, cleaning
and ginning units at the rate desired.




Ancther nethod eliminates pneumatic handling. The trailer load is
dumped into a large hopper and conveyed mechanically to the autamatic 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 removal.

A further reason is that storing seed cotton before ginning later in the
season may be a better econamic 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 temperatures on the properties of the lint and

seed.

Seed cotton is dried artifically only if it iz 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 (700-1050 C) does little to reduce the
moisture content (it is recuced by about O.7 per cemt only), but inhibits the
enzymes responsible for the formation of free fatity acids. At about 105° C,
there is a risk that the protein may deteriorate, and temperatures above 90° c
are apt to "cook™ the lint, which reduces ite strength and alters its properties.
It is therefore better to dry twice with air at 65° C rather than once at over
90° ¢.

The beet conditions for ginning are when the lint has a moisture content
of approximately 7 per cent when it is separated fram the meed. This is why
damp seed cannot be ginned satisfactorily without drying. Drying can take
place at various stages:t in the drier before the seed enters the ginning cycle
proper, or after a first oleaning in the feed-cleaner of the gin.
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C. Gipning
elimi cleani
After the first drying, the seed cotton is usually pre-cleaned, so as to
remove the impurities (bite 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 seced cotton, but also make it fluffy, which facilitates

subsequent operations.

When the seed coiton comtains a large amount of sand, dust and unopened
capsules, a special device called am "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 sometimee heated.

The next step is extraction, which campletes the preceding cleaning opera-
tions by removing the coarse impurities and the capsule waste. Extraction works
on the carding principlet! a large-diameter, slowly-rotating drum fitted with
saw teeth picks up the seed cotton; the stems, straw, empty capsules and other
coarge foreign matter are then removed by maller toothed drums around the sdge.
This machine, Jnown as a "big burr machine” or "master-extractor", is partirularly
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 ging, it is cleaned again,
gince 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 “-all spined or toocthed
drums, and sometimes hot air drying. The units are efficiemt enough to be able,
on their o, to clean seed cotton that has been carefully picked by hand.

Zhe ginping itgelf
There are two main ocategories of gias
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Roller gins

Roller gins are the older type. They consist of a roller, a fixed blade
and a working blade, the movement of which separates the seed from the lint
caught between the leather-clad roller and the fixed blade. There are single-
roller gins with two moving blades (double—actién gins), and also two-roller
gins. The capacity of a two-ro.ler gin ie about 1.5 times that of the single-
roller gin.

Saw gins

Saw gine have a much higher capacity and are therefore used in modern
mills, especially in the United States.

The seed cotton caming from the feeder enters a chamber the floor of which
is made of bars. Inside the chamber is a battery of saws rotating about a
horizontal shaft. The saws are toothed discs regularly spaced along the shaft
and fimly attached to it. Each gin has 80-120 saws rotating at 500-800 rpm.
The saws run between the bars. They bite into the bulk seed cotton, and catch
the lint and draw it through the bars. The bars retain the seeds, which are

evacuated elsewhere.

The lint is removed fram the saws either by a brush drum, which rotates
at high speed in the opposite direction, the tufts meshing deeply with the saw
teeth or by air blown tangemtially dowmwards to the saws ("air-blast systa").
The air-blast system simplifies the construction and maimtenance of the gin,
but the lint is less sasy to remove when it is damp.

It is also possible with saw gins to0 separste iapurities left over after
preceding cleaning operations. This stage is called "moting” (upper anmd lower).

Semperisop of roller gine with gew ging
Por the camparisom to be fair, the following variables sust de taken imto
acocount!

Limt quality

Roller gins produce & limt that tends t0 De packed or wadded or to fom
small knots, while saw gins produce a fluffy limt, of a more wmiform quality.
Sav gins may cut the maples and canmot be used for extre-lomg mtaples.
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Lint purity

Roller gins break many of the seeds, which get mixzed with the limt,
while saw gina give a very cleanm linmt.

Seed quality
Saw-ginned seeds are whole and clean, but retainm more linters.

Capacity

A saw gin has a capacity some 27 times higher than a two-roller gin and
40 times higher than a single-roller gin.

Material yield

Losses are greater with a sav gin. Por example, & roller gin will give
33-34 per cemt lint, compared with 32 per cemt for a saw gin, from the same
seed cotton.

Investnent

A sav gin costs far more than a roller gin. It is therefors logical to
ra it longer, if possidle four to five momths a yoar, and this entails storage.

Labour

Por 1 kg of 1int, the ladour cost is far lower with a saw gin, but the
sinders sust be more skilled.

Power

A saw gin uses more power tham a roller gia, bwt the converss is true if
the cost is caloulated per kilogrem of lint prodwced.

Naimt enance

Naimtenance of a saw gin ic more omplicated amd requires the purchase of
BOTe expensive spares.




Irsataept of limt sfter ginning
Cotton that has been harvested mechanically cammot be perfectly clean
after ginning; =0 "lint-cleaners™ of various types are used. Scme use only

an air stream to clean the lints others comd it with a toothed drm. Some-
times both devices are used successivly, tut mainly for low-grade linmt.

On leaving the lint-cleaners, the lint is blown imto condensers that
shape it into sheets, and is then pressed into dales.
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III. COTTON-SEED IN H/NMAN WUTRITION

Malnutrition due to a lack of proteins, particularly smong children, is
frequent in many countries where cotton is groom. For the last forty years,
therefore, and especially since 1960, people have thought about developing the
use of cotton meal as food. Practical applications have been few, however,
and relate to only a mall peroemtage of the cotton-seed available in the
world. Pioneering attempts have nevertheless shown that, provided certain
technical conditions are met (see below), such development is both desirable
and possible with traditional seed containing gossypol, and particularly with
geed that does not conmtain it.

Seventy per cent of the world cotton-seed crop in 1975 was processed to
obtain oil and cake; the remaining 30 per cemt either goes directly, in the
form of whole seed, to feed ruminants, or is used as fertilizer or fuel.

Unfortunately, part of the cake is unsuitable for feeding monogastric
animals owing to the presence of free gossypol, the disadvantages of which have
been mentioned above. Such cake is even less suitable for human ceasumption.
The following pages will show what must be done to improve quality and obtain
an edible flour. It must be remembered, however, that oil is considered to be
the main product of the mills, and that cake (or meal) is regarded as a by-
product. The millers are therefore not muoh inclined to improve oake or meal
quality; and are interested im doing so omly if o0il yield and quality are
unaffected.

A. Updesirsble copgtitveste ia cctton-seed fious
Sessxpel and its effect op lxmipe cogtest

The most undesirable comstituemt of flour imtended for human conswmption -
from now on siaply called "flour” - is gossypol. Pree gossypol is toxic, amd
gossypol linked to protein mmino-acids reduces the mutritional value of the
acids, particularly by lowering the swailable lysine comtent

The more the kernéls are c8¥ked bdefore extraction, the lower the free
goesypol comtent. Excessive cooking reduces the protein value, however, not
only because gossypol dinds with lysine and cther mino-acids, but also because

12/ Other mino-scids, such as glwtamic amd aspartic acids, are also made
partly umavailable.




heat encourages other reactions, such as the "Maillard” reaction, which binds
some glucides to the amino-acidst: the kernel raffinose has a particular tendency
to bind with lysine. Consequently, during the cooking that precedes oil
extracting, a compromise must be found whereby the percentage of free gossypol
18 reduced as far as possible without degrading protein quality too far.

It was mentioned in chapter 1.G. that various processes can be used to
extract or chemically inactivate cake gossypol. Some of these processes cam
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 eatisfactory.

The use of gossypol-free seeds is 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 0il extraction process used. Calculated as per-
centage of protein by the Kjeldahl method (nitrogen quantity x 6.25), the
content ie as follows:

- About 4.5 per cent in the kernel itlelfw 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 effects of subsequent processing;

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

- From 3.1 to 3.6 per cent in cake or meal from which the oil has been
extracted by solvent (hexane) after acrew pressing;

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

- Prom 3.7 to0 4.4 per cent in cake or meal from which the 0il has been

extracted by azeot rope-acetone-hexane-water extraction.

These percentages show that there is little hope of arriving at a lyaine
comtent 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.

In this respect, there is no significant difference between species
of cotton planmt.



The percentage of available lysine which depends upon its 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 proteins 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 1.5 to 2.2 and is correlated with

the available lysine contemt. 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 amino-acids in cotton-seed protein are isoleucine,

methionine and threonine, as will be scen later (see table 14).

Ugge-iguble cons’titueﬁl other than gogeypol

There are numerous undesirable constituents other than goseypol. They
include pesticides, solvents, machine lubricating oils, toric vegetable particles
gathered with the cotton-seed, aflatoxins (see chapter II.A.), bacteria, insect
scraps, and rodent hair.

There are also two cyclopropenic acids (malvalic and nerculic) which,
together with gossypol, cause the colouring of egE yolks (see chapier I.0s), and
may be found in the flour if the oil contemt is above a negligible level. Their

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

B. Irecaytions to be taken to obtain good-quelity fiours
Ihe chejce of cottop-geed

It is obvious that the raw material must be of first quality. A document
entitled "Cottonseed protein concentrate”, drafted in 1965 by the Protein
Advisory Group (PAG) of WHO/PAO/UNICEP and revised in 1970, suggests that flour
for human consumption should be produced from high-quality cleaned cotton-seeds,
vith less than 1 per cemt foreign matter (including seeds of other species),
less than 10 per cent moisture, and less than 1.8 per cent free fatty acids in

the oil analysis. The proportion of bleached kernels should not exceed 5 per
cent.




Gossypol is not mentioned here (it will be covered later, im comnexion
with the finished product), but it is advisable to use seeds that do not
conmtain too much gossypol.

For aflatoxin, PAG assimilates cotton to other proteaginous plantss there
should be none detectable, which implies a limit of 30 pmm (30 mg/kg).

The treatment undergone by the cotton-seel 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.

Borage
Particular care must be taken with storage so that the moisture content
remains below 10 per cents artificial drying might be necessary.

Cleaning, delinting
These operations must be carried out more thoroughly than usual. It is
therefore advisable to install additional cleaning machines.

1l 8 it

Traditional machinery is used but must be adjusted so as to remove the
hulls as completely as possible. This has an econmic disadvantage, howsver,
since an excessive proportion of the cil is removed with the hulls.

The percentage of hull resaining is one of the factors that affect t.he
final protein content of the product. United States cotton-seed cake inmtended
for non-rminant feed generally contains 41 per cemt protein, but a proportion
of 43 per cent and even more can be found. For flours from whioh practically
all the hull scraps have been removed, the minimum protein content is 50 per
cent (see chapter III.C.).

Belling apd cooking
The crushed cotton-seed kernels, which will be simply called "meal” where

there is no ambiguity, have to be dmmpened if their moisture comtemt is below
10 per cent. The final humidity must not exceed 12 per cemt.

The flakes should preferably be less than 0.254 mm thick.
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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 goassypol 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 them rapidly to 93° C. The
cooking time depends on the oil-extraction processs T75-85 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° ¢.

The foregoing applies to traditional cotton-seeds. With gossypol free
seeds, less heating is required, because there is no free gossypol to remove;

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

less.
Qil extraction

Hydraulic presses - very seldom used nowadays - and screw presses inactivate
moat of the free gosasypol Mt 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. An acceptable flour can be
obtained only if there is a large smount 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 aim of milling is to produce
oil.

0il 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 solvemt extraction did not remove sufficient
free gossypol and was therefore suitable only for glandless seeds. It
was acknowledged, however, that the protein value was well preserved. Since
1960, 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 aseoctropic mixture; the Vaccarino process used in
Sicily (Italy) used acetone alome. Both processes remove nearly all the free
gossypol, without degrading the protein. The available lysine content is almost

RO




the same as the protein comtemt of the kernels before processing. There is
very little residual oil in the flour. However, the SRRL method has beem said
to give a bad taste to the flour. It also requires same adaptation of plant,
since mille extracting 0il by solvemt use hexane, 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 process

nor the Vaccarino process has had much success (except in Italy for the latter).
See the ICP process described in chapter 1.C.).

Cooli ipdi screening of cotton-seed flour
The flour is cooled for several days before grimding.

Grinding, together with the subsequent screening, makes it possible to
adjust the proportion of hull fragmenmts to the desired level. It oampletes
the hulling, which cannot reduce the hull-scrap comtemt of the meal to below
10 per cent without lowering the yield excessively (smme 0il and meal parts
are removed with the hulls).

Grinding 1s done with traditional machines running at normal or slightly
faster than normal speeds. Hemmer mills seem to be the most appropriate and
consume less energy than attrition mills, although thic depends on the percemtage
of residual hull.

Fine screening is difficult when the flour comtains more than 3 per cent
oil.

Some grinding machines employed in the United States use differemtial
separation by air stream. The results are more satisfactory than those of
screening, provided there are mo limter fragments that could be sucked wp with
the flour (although they can be removed by a final screening).

C. ° os 4

Ihe FAC stapdards

This text, of which the part comcerning raw msterial is cited in section 3
of this chapter, stipulates that the processing nills must camply with the

usual sanitary regulations governing the mamufacture of food for mmes conswmp-
tiom.
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The 0il extraction processes must be suited to the production of flour;
the tamperature, in particular, must be carefully comtrolled so as to destroy
or inactivate gossypol while degrading protein quality as little as possible -
during the process, it should not exceed 121° ¢ (250° P).

The solvents must be free of chlorine and must be consistent with the
list of solvents pemitted in the food industry. labricanmts also should be
free fram chlorine products.

Sodium proponiate may be used as fungal inhibitor only if the residual
comtent in the flour is less than 0.3 per cent.

The standards for flour camposition are as follows:

Water Maximum 108 of flour weight

0il Naximum ¢ of flour weight

Pree fatty acids Maximum 1.9% of oil weight !
Proteins (N x 6.25) Ninimus 508 of flour weight
Soluble protein A Ninimum 698 of protein weight /‘
Total gossypol Naximum 1.26 !
Pree gossypol Naximum 0.06% }
Available lysine Ninisum 3.48 of protein weight

Other recommended charscteristics aret

- Mo odour of mould or solvent;
-~ Under 20,000 bacteria per gram, and no pathogenic varistien

(B._Coli, salmonellas, etc.);

-~ No insects or fragments of insect, no rodemt hair or excrememt}
- Naxizum 0.1 per cemt extraneous minerals (samd, mud, etc.);
- Under 0.03 pm (30 mg/kg) aflatoxin;

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

¥/ The soluble protein comtemt provides an indicstion of the imtensity of
heat trestment and the loss of nutritional valuetr 4the higher the solubility,
the lower the intensity and loss.
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vailable flours

There are few cotton-seed flours on the market, but many experimental and
commercial trials have been made which ghow 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 solvenmt extraction, with or
without pre-pressing, than by screw-press extraction, but production is possible

even with the latter process.
Examination of the various poimts of the standard shows the following:
There is no difficulty in maintaining the moisture content under

10 per cent. The average is 7-9 per cent;

The 6 per cent maximum oil comtent is justified by the need to avoid
rancidity. Screw presses produce flour containing about 4 per cemt
0il; solvemt processes reduce the oil contenmt to 1 per cent;

The protein comtent varies according to the seed variety and the residual
percentage of hull scrap. It often exceeds 50 per cent and may be as
much as 65 per cent;

The limit for total gossypol conmtent seems to be rather high, but once
the linters, hull and oil are removed, the kernel usually contains
0.7-1.5 per cemt gossypcl; so not all processes are suitable. Glandless
seeds are clearly the best raw materialj

The limit of 0.06 per cemt for free gossypol is essential, because it
is a protection against toxicityj

The lysine comtenmt required implies oil extraction by solvemt.

The best cotton-seed flours, from traditional or, better still, glamdless
seeds, are light in colour, have hardly any odour, and meet the FAG requirememts.
They comtain 2-4 per oent of raw fibre, 6-10 per oemt ash - of which the main
cations are phosphorus and potassivm - and a useful mmount of group B vitamins.
The other camponents (glucides, #t0.) have not yet been studied fully.

D. Eutritiousl valve of hish-quality flew

Ve shall now oompare the mmimo-acid composition of a high-quality cottom~
seed flour (glandless seed and/or solvemt oil extractiom only) with that of
soys flour (also of high quality) and two reference animal proteins: egg-white
and casein (table 12).
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Table 12. Protein cc-ponition?‘-/ of cotton-seed flour compared
with that of soya flour, egg-white and casein

Esgential and semi- Cotton-seed Soya Casein
essential smino-acids flour y flour Egg-white (cow's milk)
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 T.6
Methionine 1.5 1.3 4.1 2.8
Phenylalanine 5.2 53 6.1 5.4
Threonine 1.4 3.9 502 4.5
Tryptophan 1.4 1.3 2.0 1.3
Tyrosine 3.2 3.8 4.6 547
Valine 4.9 5.0 8.8 T.1

8/ Weight in 100 g of proteins - ¥ x 6.25.
3/ Values indicated by Bailey, 1948.

It can be seen that cotton-seed proteins comtain less lysine than the two
anisal proteins and also than soya flour. However, they contain more lysine
than cereal proteins, for which the average lysine content is as follows (in
percentages)t

Wheat Barley Osts Rye Naise Rice Sorghum
2.3 3.5 LTy 2.9 2.9 4.1 1.6

Cotton-seed proteins are also deficient in methionine (like soys flour,
in which methionine is the first limiting factor), isoleucine and threcnine.

Nany authors have studied laboratory or fam animals, and also man, to
estabdblish the nutritional value of cottom-seed flour supplemented with certain
mino-acids (mainly lysine and methionine) or mixed with cther. proteins (soys
or cerea!, for exmmple).




The studies show that the nutritional value of cotton-seed flour is lower |
than that of soya flour, but adding lysine or mixing with soys flour produces a
product that is generally satisfactory for infant feeding.

Everything depends, in fact, upon the grounds chosen for comparisons
there is no doubt that milk proteins are the best, but many trcpical countries
do not produce enough milk proteins and cannot afford to buy them. If those
countries grow cotton, they may have an additional source cof proteins that

considerably increases the nutritional value of cereal flour.

The foregoing is illustrated by three examples of applications.

Ipclusion 1in bread

Much research has been done on this subject (Rooney et al. (19’{2),
Matthews et al. (1970), Tsen et al. (1971), Harden and Yank (1975)). Harden
and Yank replaced 18.8 per cent of wheat flour by cotton-seed flcur of two

different origins - glandless seeds and ILCP 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 cemt 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 rate
‘ than ordinary bread.

Ingrovuen’t of sorghum flour

Sorghum, which is the third most important of world cereal resources,
afier wheat and rice, contains proteins of low nutritional value because of
the lack of lysines Pomeranz (1966) and Bookwalter (1971) showed that the
addition of soya flour improved both the quality and quamtity of the proteins;
Bookwalter, Warner and Anderson (1977) subsequently iried the addition of
cotton-seed flour and produced a satisfactory increase in mutritive value,

albeit a lower ome than that produced by soya flour.

Lpclugion in millet pap
French workers at ORSTOM (Office de la recherche sciemtifique 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 aocepted, 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 infommation for this global survey.

E. Protein isolates

When the protein contemt 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.

From 1969, Berardi ei _al. demonstrated that cotton-seed proteins consisted
of two fractions: a water-soluble fraction that Precipitates at H 4, and
represents 30 per cent of the total nitrogen, and a water-insoluble fraction,
which becomes soluble in an a2lkaline medium (HD 9), and can then be precipitated
at @l 7, representing 60 per cent of the total nitrogen.

Figure I1 shows the curves of solubility as a function of pH for each
fraction and for the two fractions togother.

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 smino-acid contenmt (as table 13 shows). On
the other hand, the iusoluble fraction, which is derived from the seed's reserve
proteins, is . good functional additive, especially in bread-manmufacturing,
where it hardly changes colour and texture, but has the unusual property of
dissolving in an acid medium, which makes it possible to include it in scidified
drinks.
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Table 13. Aminograms of the two protein fractions of ootton-seed

Essential and semi-

essential amino-acids Soluble proteins Insoluble proteine

Arginine 10.4 11.3

Cysteine 2.6 0.3

Histidine 2.6 3.0

Isoleucine 2.6 3.1

Leucine 5.1 5.8

Lysine 6.0 3.0

Methionine 1.7 1.0

Phenylalanine 3.7 6+3

Threonine 2.9 2.7 J
Tryptophan ? ?

Tyrosine 33 2.6 :
Valine 3.3 4.4 |

Sources Martinez et al., 1970

Table 13 shows that the soluble fraction comtains almost as much lysine
as soya flour and more sulphurous amino-acids (methiomine/cysteine). Its
protein efficiency ratio reachee 2.3. The authers describe the extraction
process as followsid

If a single mtep is used, the proteins are dissolved in a diluted soda

solution (pH 9.85); precipitation at gl 5 then produces a mixture of
the two fractions. |

If the fractions are to be separated, however, two osteps are required.
First, the soluble proteins are dissolved in water (pH 6.7) and
precipitated at pH 4. The insoluble fraction is made 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 form
insoluble compounds with calcium ionst an acid and calcium chlorate
are added.

Cotton-seed isolates usually comtain 93-98 per cemt protein, calculated
by the Kjeldahl method. When the seed used is a glandless variety, the colour

is light - although darker than soys or groundmut isolstes - and the flavour
lliﬁtc

Lo




?

-62 -

F. e uge of cotton-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 sold on the home market and to some extent abroad.

The Nutrition Institute of Panama and Central America (INCAP) has also
been studying, for same twenmty years, various mixtures containing cotton-seed
flour, called Incaarim. 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).

Table 14. Ipcaparips formulae
Three [pcaparips formulae

Components in g/100 g No. 9 No. 14 No. 15
Pre-cooked cereal flour 58 58 58
Protein comcemtrates '

Cotton-seed comcemtrate 38 - 19

Soys concemtrete - 8 19
Additivess

Torula yeast ) ]

Calciwm carbomate 1 1 1
TOTAL ANQUIT 100 100 100
Sourcet FMAO.

The protein comtenmt ramges fram 25 to 28 per cemt.

INCAP does not mamufacture pcaparips, vt licemses the formulae to
CORpPanies.

ic (]
Cotton~-seed flours, comcemtrates and inlduu/ Bay be used for mutritive

purposes, functional purposes (iaprovemest of food texture, appearance,
conservation, etc.) or both.

Though the flours are thamselves protein comocemtrstes, the tem is
usually applied to flours that comtain more than 50 per cemt protein - whioh
means in practice 50-T0 per cemt.
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The nutritive value has already been indicated.

As far ac the functional properties are concerned, it will be noted that
cotton-geed proteins:
Retain water (cotton-seed concemtrate absorbs 2.5 times its weight

of watcer) 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 i3 differemt 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 o0ils to almost the same extent as soya proteins (the concentrate
retains 1.5 times 1ts weight of oil);

Emulsify fats better than soya proteins, which ic a potential

advantage in meat preparations such as sausage fillings.

It 1s difficult to obtain a ver; light colour. The flavour is fairly
neutral. The residual lipids, which oxidize in storage, are respomsible for
rancidity and a dark colouring; the quantity presemt 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 cormflour anmd/or
skimmed milk powder. Added in amounts of 3 per cemt, 2.6 per cemt and 1.6 per
cent respectively, cotton-seed flours, concemtrates 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 concemtrates, but with bromate added. With
cotton-seed isolates, however, 10 and even 15 per cent added, without bromate,
gave a good bakery-quality bread.

3me United States bakeries add very msall 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 such uses, the nutri-
tional value is irrelevant.




Soviet research workers have made similar studies.

Cotton-seed proteins can be added to dough products other than bread.
Tests have been made withi
Biscuits, which have as a result a protein comtent of 10-18 per centj

Doughnuts, to use the ability of protein in general, and cotton-seed
protein in particular, to fix fats;

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

Ipcapaerina 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, ORITOM has tested rissoles, paps, doughnuts, noodles
and sauces that use cotton-seed flour as an additive to local cereals
(particularly sorghum).

In certain other counmtries, such as India, Pakistan, and Peru, formulation
tests have been made for baby-food flours comtaining cottom-seed proteins. The
work does not seem to have gome much beyond the laboratory stage.

Neat products

Cotton-seed protein has poorer gelifying properties tham soya-beann protein,
but its emulsifying properties are better. Its fumctiomal usefulness depends
om the application.

It can be eusily texturised by original techniques which are neither
extrusion nor drawings in s single-step operstiom, with heating to 80°-90° ¢,
P adjustment and thorough agitatiomn, mixtures of cotton-seed proteins + lipids ¢
carbohydrates + flavours can be oMtained whose comsistency is like that of meat.

Extrusion is also possible and is Deing 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 them, at a
maximum level of © per cemt, in fruit drinks. However, the low nutritive value

of the fraction and the small amounts used make the addition rather uninteresting.

Cotton~seed protein is sametimes used in confectionery as a moisture-

retaining agent.

G. Conclusions

Less than 10,000 tons 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.

First, for cotton-seed flour to be acceptable for human consumption, it
must, as has been seen, meet requirements that it is not always easy to camply
with, For instance, the proper available lysine content can be obtained only
if the oil is solvent-extracted, although in many countries only mechanical
means (screw or hydraulic presses) are usede The machinery mast therefore be
changed. Glandlece seeds may in time improve the situation, but they are not
yet widely grown.

Second, cotton-seed flour must be campetitive with soya flour, which is
produced industrially on & 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 cemt protein is lower than the price of soya cake with 44 per cemt
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 processes
required by the PAC regulations are expensive, especially when the seeds used
are not glandless.

Cotton-seed flour will therefore not replace soya flour to an appreciable
oextent until glandless seeds are produced im sufficient quamtity, and the
following conditions are met.




If used as a functional additive in rich coumtries like the United States,
cotton-seed flour must offer industrial users considerable savings, which does
not seem to be the case today. If the price is the same as or shortly below
that of soys flour, users will prefer the latter, by habit amd for its better
functional properties for most applications.

If it is used as a mutritive supplement in cotton~-producing countries
where some sectors of the population are short of proteins, the local
Govermments will have to supply financial help, to an extemt to de calculated
cage by case.
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IV. NETHODS FOR COTTON-SEED OIL AND CAKE RECOVERY

Ae S‘torxel clea.__nim and delintgx of cotton-seed

3t orage

What was s8aid in chapter II about the risks cf 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 consignmenis of varying quality,
some even containing deteriorating seed, the moisture content and temperature
must be constantly checked.

A temperature above 350 C indicates imminent overheating, and the barn
or 8ilo must then de venﬂlated.lé/ Some millers make it a practice to
ventilate all the seed received and keep the temperature between 15° and

0
20" Ce

If the seed is damp, it is sometimes dried by hot air insufflation so as
to inactivate the lipolytic enzymes. Where this is done, it is advisadle to
c00l the seed afterwards, to reduce the temperature to near ambient.

Cotton-seeds, especially those covered with thick linters, are difficult
to handle, and do not flow easily. Suitable handling devices must therefore
be providede Pneumatic smystems have the advantage that they cool and aerate
the seed, and even dry it to some extent, but mechanical systems are also used,
f
Cleaning i
In some countries, including the United States, the mechanical gathering
of seed cotton has inoreased the amount of extranecus sorap that remains
attached to the seed - or rather to the linters ~ after ginning:t the pro-
portion of scrap is now 1=4 per cent of the total seed weight. The
impurities include stones, earth, sand, capsule fragments, vegetadble 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 seeds Nineral matter wears the delinters and dehullers prematurely and

In countries with a dry climate, the seed can de stored in heaps
outside, under canvas or uncovered, on concrete areas fitted with airing pipes.

e e
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can causc sparks that mgy produce firese Finally, and most importantly, high-
quality lint and cakes cannot be obtained unless all the undesirable substances

are removede

The amount of waste left in ginning (see chapter II,C.) depends on the

method usede

The seed can be pre-cleaned before storage, but the effectiveness of the
operation is limited, since very large decliveries are made to the mill over a
short period, and there is no time to do the job properlye In practice, some
of the sand can be removed easily by, for example, boring small holes in the
feed pipess 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 still have their lint)e Sandi
reels are similar: they have fine-mesh screens that pass sand onlye Boll }
reels and sand reels are often set up together, the former above the latter ]
on a common frame, Efficiency is improved by pneumatic seed cleaners, They !
consist of two (or four) vibrating screens, fed with a carefully metered {
quantity of seed that has already been passed under an electro-magnet, to
remove metallic particless The upper screen removes the larger impurities,
and the lower screen the smaller oness Screening 18 assisted by forced draught,
and capacity, depending on the type, ranges from 25 to 120 tons per 24 hourse.

The oil millers often have to re-clean the seed that comes from the
ginning millse 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 years

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 belis which are based upon the different kinetic principles

odbeyed by normal seeds, abnormal seeds and impurities when pro jected.

Only some 50 per cent of extraneous matter can be removed by boll and
sand reels, and 55-60 per cent by pneumatic cleaners; ARS removes up to

65 per cent,

Delinting

Delinting consists in taking off the linters - if any - from the seed:
seed of the J, barbadense species has no linters,
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The average linter content is indicated in chapter I, In the United
States, the linters of Gy hirsutum account for about 10 per cent of the seed
weighte

Delinting is not always economically justified, since the machinery is
expensive and a market has to be found for the linters, In Africa, for
example, where there is no market,-l-z/ 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

dehullinge

The traditional method of delinting uscs saw devices, known as "delinters",
which are similar to saw-gins (cf‘. chapter II.C.'). ’A’bout, 2¢5 per cent of the
linters are left on the seed to facilitate the suboequent separation of the
hull from the kernels More than 4 per cent linters would cause difficulties

in hulling with present machinery,

Sgw-delinting

Saw delinters work on the same principle as saw-ginse Since linters are
shorter than lint, however, the blades are closer, the feeders are modified so
as to present the seeds corrcctly to the teeth, and in general all the parts
must be more precises Most modern delinters have 141 or 176 circular saws, of
12 5/8 inches diameter (32 cm), which are sharpened at regular intervals (every
8-36 hours). The speed of rotation is about 400 rpme. The machine removes
400 kg of linters from 15 tons of seed in 24 hours. Delinting is usually
carried out in a series of steps by successive runs through several delinters,
The parameters of each pass - and consequently the qualitative and quantitative
Yields - may be freely chosen by the millers according to the results requireds

The following types of linters can be distinguished:

- Mill-run ljnters, which are obtained by a single delinting operation,
and comprise all linters that could have been removed by two-step
delinting;

- First—cut ljinters, obtained from the first mill run, usually 2-6 mm
long, and sometimes longer;

- Second-cut linters, obtained from the second mill run, usually 1-3 mm
Ior)g.

1 There is no local market, and it is unprofitable to transport linters
over long distances.
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Three and even four runs may be made.

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 delinters, each of which will take off 450 kg of linters in 24 hours from

T7¢5 tons of seed in the second rune.
The second-cut delinters rotate faster (600-750 rpm),

In 1965, a high capacity delinter appeared (the Carver Cotton Gin Co.
HC 2)s Its saws are larger in diameter (18 inches, 45,7 cm), the capacity of
the unit is higher, and so is the speed of rotation. Performance is better:
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 tone every 24 hours, leaving 7.3 per cent linters; <the second run
processes 12-18 tons every 24 hours.

Other methods

Saw-delinting uses a 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 hy other methodas:
= Linter burning requires a very strict control of temperature so as to

avoid damage to the seed,

- Acid delinting (using hydrochloric or sulphuric acid) has deen tried,
but the acid must bde neutralised afterwards with a base {guseous
ammonia)e 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 sudbstantial investment.

Linter cleaning

On leaving the delinters, the linters still ocontain impurities tiat must
be removed if good merchant quality is wanted. The users need cellulose that
is as pure as possidle, partiocularly for the more refined uses,

In modern oil mills, each bdank of delinters is fitted with a pneumatic
cleaning device that sucks the linters into a condenser where some of the dust
is removed. The cleaning itself is done subsequently in sultiple-drum deaiers
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fitted with an air systems The cleaners have several large chambers 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. Dehulling and hull separation

Dehulling consists in breaking the hull so as to release the kernel, from
which the hull scraps then have to be removed.

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.Fe)e Keeping the hull wouid therefore reduce oil reocovery 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
aleso be darker in colour,

There are two categories of dehuller: bar hullers and disc hullers,

Bar hullers have two main components: 2 rotating drum and a fixed frame,
both bearing fixed hard steel blades with perfectly sharpened teeth and ad just-
able clearances The speed of rotation varies from 650 to 950 Tome 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 150 tons for
80-85 per cent dehulled seods, the remainder being processed a second time,

Disc hullers, which are less common than dar hullers, consist of two sharp-
edged ciroular discs, one fixed and one movable, The inner faces of the diacs
are concave 80 that seed can be fed in at the centre, The seed is wwept by
centrifugal force through the narrowing gap to the periphery where it is cut
Yy the sharp edges, whose clearance is ad justadle,

Seed beaters are located before the dehullers to remove certain impurities
(1inters etce)s 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 minimm of oil, kernels and whole seed, and the
composition of the kernels, which must be free of limters and dust and must con-
tain only as much hull as is consistent with the ocake protein content decided onme




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 before dehulling and separation, the
amount of impurities, and the separating plant and its adjustment.

The hulls discarded by a rodern nill suppliéd with high-quality seed con-
taining 10-12 per cent moisture and les: than 2¢5 per cent linters retain a
negligidle percentage of 0oil (05 per c:nt),

There are three different dehulling proresses:

Single dehulling and separation

In single dehulling and separation, one machine dehulls 80-85 per cent
of the seed in one runs The kernels are separated by a shaker-screen, while
the hulls and the remaining whole seeds are processed again in a beater and
then in a special machine that recovers the undehulled Seeds, which are returned
to the dehullere 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 usede The first dehuller is adjusted to produce the largest kernel fragments
possidble, and thus avoid any absorption of oil YWy 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 and hulls are them oonveyed to ithe seoond group
of machines where the operation is repeated (with a closer setting of the blades),
This method requires more investment than the first andi leaves more specks of
hull in the kernels, and more oil in the hulls, This lowers cake quality (for
non-rusinants at least) and oil yield, It is used mainly when the linters have
not been removed from the seed first, or when there are many unripe seeds,
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Universal dehulling and separation

The universal method is a combination of the other twoes The hulls from
the first separator pass into the second dehuller, with a closer setting, and
then into a second bank of separator-beaterse The method is useful when the
seed being processed still has its linters, 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 are: 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 linters remaining on the
hulls: in the United States, some 60 per cent of those linters are recovered,
or le2-1.5 per cent of the original seed weight. A defibrator can process
10-12 tons of hulls 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 jamminge A reduced flow must therefore be
accepted, and the plant must be adapted to prevent the hulls carrying sway too
much oil and meal. The problem has been studied in the United States by
S Ps Clark (Texas, A and M University), and in Prance by Speichime It will
be noted that the linters agglomerate the hull scraps; 80 the kernels are
practically free of theme This is an advantage for flour intended for human
consumption, but it complicates the work of the presses in the oil mills and
is unnecessary for the manufacture of cake,

Calculations made in the United 3tates by S. P, Clark in 1976 show that if
the oil millers' mellimg pric 18 of linters is 4 cents a pound (8,8 cents a
kilogram) or over, it is better to delint before dehulling, but below 3 cents
a pound (646 cents & kilogram) the seed can be dehulled without delinting, or
after delinting with acid,

18/ Weighted average of first and second cuts,
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Ce PRolling of kermels into flakes

After dehulling and separation, the kernels are vulnerable to mould, and
even when the moisture content 4s low (7 per cent) they keep for a very short
time; acidification is likely to ocour within a few days. It is thus advisable
to proceas the kernels as soon as posaidle.

The kernels mﬁst 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 kernels are usually flaked in a machine consisiing of five carefully
aligned, superimposed cylinders made of hardened cast irons 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 cylinders.

The diameter of the cylinders ranges from 12 to 20 inches (30.5 to 51 om),
and the length from 24 to 60 inches (61 to 152 om)s 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 as possible, A thickness down to 0,005 inches
(0,127 mm) may be reached, tut is usually from 0,008 to 0,013 inches (0,203 to
C.330 ')l

The main points to watch are the proportion of undehulled seed and residual
hull, the steadiness of the feed to the unmit, and the condition of the cylinder
surfaces,
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De Cooking of the flakes

There are several reasons for cooking:

- To complete the breakdown of the oil cell walls;
- To increase oil fluidity by increasing the temperature;

- To coagulate and precipitate the proteins, which facilitates
0il extraction;

- To coagulate and precipitate the phosphatides;

- To change pectic material into mucilaginous substances that are
insoludble in oil;

- To detoxiiy the gossypol by binding it to proteins;

- To destroy moulds, bacteria and enzymes that could affect the
0il 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)
gtacked boilers with double walls between which steam is passed, and agitators
to churn the meals Since cotton-seed meal is a poor conductor of heat, the
agitators must be powerfules 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 mutritive value and flavour of the cake
depend to a large extent on the way the meal is cookeds 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
products The o0il extraction technique to be used is of particular importance,

Since one of the main aims is to inactivate the gossypol without degrading
protein quality too much (cf. chapter III.A.), a compromise must de found detween
too little and too much heat,

In addition, s temperature of 88° C (190° P) must be reached quickly,
since below that temperature engymes in the presence of water are very active,
and oould cause undesiradble hydrolysis or lipolysis (production of fatty acids).
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In a five=boiler cooker, the temperatures would in practice be as follows:

Roiler ¢ 2r
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 time depends on the subsequent oil-extraction process:
80=~120 minmites 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 meal decreases steadily from the first boiler to
the last, Its optimum at the output is 5.5-7 per cent for hydraulic press

extraction, 3-6 per cent for screw-press extraction, and 4-5 per cent for
hexane-extraction.

The capacity of such a cooker is 125=150 tons of seed every 24 hours,

When the cooker works at normal production capacity, the cake contains
ieas than 4,2 per cent oil after passing through the screw press, When the
cooker works beyond capacity, the residual oil content risea, There is thus
no point in trying to exceed capacity,

Other types of cooker include horizontal cooker—driers, where ocooking and
drying take place in separate oompartments,

t-mmmw

Boicmilic-aress sxiraction

Hydraulic-press extraction is an obmvlete process, But is still used in
some ocouniries. It consists of an initial moulding, after which the meal passes
into a hydraulic plate press (usually with 15 plates)., If the operstion is

For the technical descriptions of oil extraction and processing,
specialist works should be consulted - K, Nurti and K, Achaya, 1975, for
oxampl e,

S——
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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
preasing cycle is about 30 minutes, but may be as long as 45. With a 30 minute
cycle, the extraction capacity is the equivalent of 15 tons of seed every

24 hours, and the residual oil content of the cake is 5,5=6+5 per cents

The cake can then be sold either as it is, or broken into pieces or ground
into meal by disc~ or hammer-mills and screeneds 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 gossypols The advantages do not outweigh the disadvant-
agesy 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-seeds For these reasons, hydraulic pressing is increasingly giving

way to ascrew-pressing.

Sc;eu—-greu;g

Screw presses work continuously.

Many different types of screw press have been btuilt asince the first one
built by Anderson at the beginning of the century,

Their capacity depends on the nmumber of shafts, the section and particu-
larly the speed of rotation. It varies from 6 to 100 tons equivalent cf
cotton-sccd processed in 24 hours, and sometimes is even more, but is usually
about 50 tons. Output increases with increasing speed of rotaiion, but the
cake oil content also rises to as much as 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 cent oil,

When only a pre-pressing prior to solvent extraction is required, capacity
is increased to 100 tons of processed seed every 24 hours, with a cake~oil
oontent of 10 per cent.

The adsorbed energy is partially oconverted into heat, and the meal reaches
s temperature of 150° c (3co° 7). The heat, together with the considerable
pressure in the press, degrades protein quality (cf, chapter III.A. and B,)

S
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darkens the colour of the oil, and increases the level of impurities in the
oile Cooling is therefore required, and this is done hy various means, the

most common of which is a heat exchanger,

On leaving the press, the cake is too dry (1-4 per cent water) and too _
hote It is cooled and simultaneously noistened’hy a stream of cold water,
It is also ventilateds The last step is grinding in a hammer or double
rotating disc mill; the former consumes less power but produces a coarser

granulated product,

An average cake contains 3¢5-4.5 per cent 0il, 41~4} per cent proteins,
8 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.A.).

The crude oil contains insoluble impurities ("feet") and free fatty acids
(average 1.2 per cent)s About 8.5 per cemt of the oil will be lost in refining.
The impurities are removed by decanting or screening followed Wy clarification
by filter presse 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,

Tr= free fatty acid content of the oil depends on the comdition of the
seed usede If the seeds are already very acid on delivery, cooking amd pressing
(both of which increase acidity Yy about 70 per cent) will have to be carefully
monitoreds In particular, the flakes must have a moisture contest of at least
12 per cent before cooking, and the cooking time must bYe longer than umual,
Acid seed often produces a high proportion of impurities,

The free fatty acid content of the oil is often as high as 2 per cent,

The last oil fractions are usually more acid than the first; if extraction
is taken too far, the results of refining will be less satisfactory,

The ease with which the gums, or more exactly the pectic substances fros
the material lying between the cell membranes, pass into the oil increases
with moisture content, 8ince the gums delay the deposition of soap stook,
they hinder the refining process, and are therefore oftern respomsible for bad
yields at this stage,
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The gossypol content of the oil varies from 0,3 to 1 per cent according
to the raw material and processings During neutralization, which is a
refining step, gossypol combines with soda and passes into the soap stocks

In some countries (India for example), undelinted and undehulled seeds
are screw-pressede The o0il 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 cheaps

Dehulled seeds are also sometimes pressed without prior delinting. The
oil and cake are of satisfactory quality, but some of the oil (4 per cemt) is

lost,

An original oil extraction process, called the Skipin process after its
inventor, is used in the USSRs It consists of three operations, The meal is
first moistened to bring the water content up to 144.5-20 per cent and heated
10 70° C, which separates the oil from the meals The oil drains through a
screen to the bottom of the device, where it is collecteds The partially
de~oiled cake 18 then dried to reduce the moisture content to the level
required for solvent extraction. All the goasypol is found in the oil,

g;xegt enrm;on

Solvent extraction can be applied to:

= Undehulled, and even undelinted cotton—seed;

= Dehulled cotton~seed;

- Pre-(screw-)pressed 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 0,5-2 per cent. MNoreover, since the
material is heated less, the proteins have a higher mutritional wvalue
(ofe chapter IIT.A. and B.).

There are, however, some disadvantages:

- Solvent extraction demands greater investment and is therefore
suitadble only wvhere large tonnages are to be processed;

- Inflasmable solvents, partioularly the hydrocarbon derivatives (hexane),

aay cause a risk of fire and explosion on mixture with air;
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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 usedy 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 seems to be preferred nowadayss

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 must come into the most intimate contact possible,

This requires a large volume of solvent at a suitable temperature (50-650 C),
meal 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 (leu 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 horizontal 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 meals 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 30 as to remove the particles of oake, concen~
trated, and distilled in a single or double evaporator. They then pass into
a stripping column, usually under partial vacuum, with steam injection for
total solvent removal, The vapours are condensed in standard water condensers,
and the oil is cooled and storeds The condensates are onllected in a separator
where the water injected as steam is removed from the solvent,



The solvent remaining in the meal must also be recuvered Yy heating in
the extractor itself, or in an independent drier, Here, 100, the last traces
of solvent are driven off by live steam, provided the material permits this.
In some units, the process is conducted under vacuum, which allows working at
a lower temperature and gentler treatment of the cake, After cooling, the
cake is usually crushed,

The uncondensed gnu'ruuning in the apparatus are recovered by opn-;
nexion to mineral oil columns, activated charcoal absorbers, or a refrigeration
installation, or iy a combination of these methods,

The cake may be completely freed of solvent or may retain a small smount
(Oel per cent), but there 1s then a danger of explosion during storage or trane-
port, an unpleasant odour, and a mutritional drawback,

It must be stressed that only a bBrief ocutline of the operations has deem
given, and that the methods are developing rapidly, particularly whers solvemt
recovery is concerned - an area where bhuge imgproveneats have been made in the
last 15 years,

Remarks on opsretions mrior to sxtraction

Cleaning, delinting, debulling and bull separstion are the same as for
sechaniocal extraction processes, There are some differemces, however, in
flake rolling and ocooking.

In pre-press solveat extraction, the main differemce is that ocooking magy
take place at i lower temperature (20° C), the aycle may de shorter, and the
final moisture comtemt can de 8-9 per cemts, The 0il contemt of the meal is
10-12 per cents The meal 1s ground and re-rolled into flakes, and then comveyed
t0 the molvent extractor, which it leaves with an oil content as lovw as
O¢3~0s5 per cent, Direct solvent extraction yields are not as good (residwal
01l 18 1-2 per cent). The cake 15 less crumbly and the miscellas contain lese
impurities, The gosmypol content of the cake is lower tham with direct solvest
extraction, tut so is the availadle lysine comtemt,

In direct solvemt extraction; the kernels are crushed wader rollers, amd -
their svisture contemt is increased to 10 per cemte The cecking 18 dome at &
f&lmtqcuhnth.hthocﬁ.m(so°-h°c),hmnud
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into flakes as fine as possidle (0,006-0,010 inches, or 0,15-0,25 mm)s Direct
extraction uses far more soclvent than pre-press solvent extraction. The
filtration-extraction process, which is a variation of direct extraction,
requires cooking at 93-1070 c (200—-225° F) and 9-20 per cent water in the meal
during processing.

Cho;ce of solyent

The most commonly used solvent in the United States is hexane, a paraf-
finic hydrocarbon derived from petroleum distillations Its boiling point under
normal pressure varies from 63.2° to 69o Cy depending on the supplier,
Methylpentanes, which have the same origin, boil at a lower temperature
(59-40-630 C) and thur require a lower power consumptione Nevertheless,
although they are efficient as cotton-seed oil solvents, they are less used
than hexane,

Trichloroethylene has the advantage of being less inflasmable than the
hydrocarbonse 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, eapecially if undehulled
seed is useds, It must also bde stabilized before use to prevent acidification
and, since its vapour is corrosive, equipment in contact with it must be made
of stainless steel or aluminiume There is also some doubt as to the toxicity
of the cake, which explains why it is not used in the United States,

Isopropyl aloohol ocould solve the prodlem. It completely removes gossypol
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 scem to
have been used in industry,

Ethanol is also a possible solvent, It has been neglected in the United
States, where producers find it simpler and cheaper to use paraffinic hydro-
carbon petroleum derivativese la other oountries, it might be useful to uae
ethanol derived from agricultural products sc as to reduce the outflow of
foreign exchanges

The Vaccarino process employed in Italy uses acetone; and the SRRL process
(see chapter II,B,) uses an aseoirepic scetope-hexane-awater mixture, Both remeve
almost all the free gossypol from the ocske (the SRRL process more than the
Vaccarino), but both processes cost more than the hexane process,




A ] of ent

As has been seen, extraction may be by batch or contimuous, Continuous
extraction is the more moderns Contimuous extractors fall into two categories:

- Immersion extractors, where the solids are immersed in the solvent;
- Percolation extractors, where the solvent flows through a
stationary or moving bed of solids,

Por various reasons, percolation is currently the preferred method.

The filtration-extraction technique is a form of percnlation, but has its
own characteriastics,.

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-

colation-type equipont,a)/ and about 100 tons for filtration-extraction units,

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 (ocotton, soya, etce)e

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 less than
1 per cent Wy weight of the input material, The losses can de reduced to 05
or even 0O,] per cent,

Senclusion

As things stand at present, screw-press extraction and pre-press solveat
extraction seem t0o be the most interesting processes from the economic point
of view,

The development of glandless varieties may favour direct solvent extraction
in the future,

29/ There are aleo maller wite of 25-75 tonse
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Fo 0il refining

Besides triglycerides, crude oil contains varying amounts of other
impurities: free fatty acids, water, resins, albuminous material, gums, phos-
phatides, sterols, pigments, sapid and aromatic substances (particularly
ketones and aldehydes), and decomposition productse Some of these are

insoluble in the o0il; others are in solution or colloidal suspensione

The task of the refiner is to remove all the non-glycerides as completely
as possible so as to prodv.e an edible oil of good appearance, or a finished
product suitable for the production of edible fatse

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: hydrogenation, which converts liquid oil into solid or semi-solid
fat by the partial or total saturation of the double bonds; and winterization
whichy in contrast, removes from the c.. the high boiling triglycerides, so

that the oil stays clear even at low tmperaturea.2—l/

Generally speaking, cotton-seed oil refining is much the same as for
other edible oils, except for the tricky problem of gossypol removal, The
development of glandless seeds will also simplify this,

Cme oil atorge

Before crude oil is stored, it must be freed of such insoluble impurities
ag fragments of seed, dust, wa.ter,zz etce If this ie not done, the enzymes
present could cause lipolysis, which would increase entailing the free fatty
acid contente There might also be a proliferation of micro-organimms that would
asaist 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 cotton-seed oil turns cloudy below 5-7° C. After
winterisation, it stays clear at 0° C,

22/ Wost crude oils contain about 0.5 per cent water,




During storage, the pigments (gosaypol and others) may bind irreversibly
with the triglyceridess This reaction develops rapidly, and depends on the
pigment content and temperature. It is thus advisable to store crude cotton-
seed oils, after proper filtration and dehydration, for the shortest possidle
time, and at the lowest temperature consistent with fluidity.

Deguming
Degumming consists in removing gums, resins, proteins, phospha.tides,g-v

and other constituents in fine colloidal dispersion. All these will be

referred to as "gums", 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+Ce).

There are several degumming methods, The most traditional is based on
hydration, using the gum's property of swelling and forming gels in the
preaence of a specific amount of water, These gels, of high specific gravity,
precipitate on the bottom of the oll recipient,s A small quantity of water -
2-5 per cent of the oil weight - is injected, the temperature is kept at
60-90° Cy depending on the method, and the gums are separated by centrifuging.
As the degummed o0il still contains 0,4-0.8 per cent water, it is conveyed to
a drier where it is heated to aluut 700 C under a 3slight vacuume It i3 then
cooled and storede This dehydration phase is a delicate operation, because it
must not darken the colour of the oil or increase its free fatty acid contente
The addition of a very weak solution of bicarbonate of soda has a stabilizing
effect,

Degwmnming can also be done by using special additives that make gums
insolublet acetic acid, ammonium hydroxide, citric acid, oxalic acid, phos-
phoric acid, etce

It is also possible, and simpler, to degum and neutralize in the same
unite The soap solution obtained hy 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,

_2%/ Phosphatides, of which lecithin is the best known, are presen’ in

concentrations of 0,7=2,7 per cent in cotton-seed 0il, Lecithin is erxiracted
from soya on an industrial scale, but it is not interesting to extract it from
cotton~-seed o0ili, since its dark ocolour prevents its use for human concumption,
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Neutraljzatjon

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 is the more commonly used bases It is very effective and
bleaches better than the weaker alkaliss On the other hand, it saponifies
some of the triglyceridess Other alkalis such as bicarbonate of 30da have
therefore been used occasionally, but have other drawbacks: they cannot reduce
the free fatty acid content below 0,10 per cent (with caustic soda a figure of
0401-0,03 per cent is possible) and their action has to be supplemented by

other meanse

The soluble substances contained in degwmmed oil include, besides the
free fatty a.li8, 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

gubstances,

During caustic soda neutralization, the goasypol and other pigments react
readily with the soda and are mainly removed in the soap stock, which is the
residue of the operation.

Raw smoap stock is a mixture of msoap, 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 neutraliszation, into the soap stock.

There are many neutralisation methods; their desoription, even in brief,
wuld go beyond the socope of this study. The methods may be classified as
followss




- 87 -

Caustic soda neutralization:

Batch process;

Continuous process;

Weaker alkali neutralization:
Continuous process with alkaline carbonate followed by an alkali;

Continuous process with ummonia;

Neutralization of miscella by caustic sodaj

Extraction of fre= fatty acids by other methods (solvents, steam,
ion exchange resins, etce)e

Neutralization usually takes place at moderate temperatures and in several
stepss The residues are separated by centrifuginge The oil is then freed of
residual alkali, soap and watcre The soap stock i purified, the neutral oil

it contains is recovered, and it is then processed as necessary,

The total amount of free fatty acids and other substances lost from the
0il in neutralization depends on the raw material and the process useds It is
je% 10 § times the free fatty acid content whe . that content is low, and 145
to 2 times the free fatty aciu content when it is highs These losses arc

higher than those usually encounmtered for other seed oils of the same acidity.

To obtain a goos quality »il, ncutralization is often effected in two
steps, the se¢cond of which usea a more concentrated alkalie If caustic soda

is used, there ia & further loaa of oil,

Continuous neutralization gives reaults that are comparable in cuality
with those of batch proceasings The secondary reactions that increase losses
are better controlled, however, because of the shorter time during which the
goap and oil, are in contact, which improves profitability ocneiderably and
allows the proceasing 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 miascella 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 special precautions must be
taken decause of the risks of solvent explosions, Despite its advantages, the
method is therefore little used,
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The soap stocks obtained from concentrated soda solution and the gums
(when they have not been removed beforehand by degumming) are very viscous,
The centrifuges must therefore be poverful, in good condition, and easy to
clean without diamantling,.

Bleaching

The neutralized oil is usually golden yellow, which is suitadle for food
purposes, but it is sometimes reddish, When it is intended for the manufacture
of s0lid fats, a white colour is preferred.

It is ther=fore necessary to bdleach the oil so as to remove the various
plgments not removed by neutralizatione This is done with adsorbents in the
form of bleaching earths or activated charcoal,.

The bleaching of cotton-seed o0il i8 quite similar to that of other oils,
Traditional continuous or batch equipment is useds The maximum temperature is
10()0--105o Cs The bleaching earths must be used in concentrations of
Oe5=2 per cent of the oil weight; higher concentrations (up to 10 per cent)
are needed with charcoals.

Deodorizatjon

Cotton-seed 0il has a more odjectionable odour and taste than other
vegetable oils, because of the presence of foreign sudetances, mainly aldehydes
and ketones, It must therefore bde deodorised,

The deodorization of cotton-seed oil presents no special problems; the
usual contimious, semi~continuous or batch equipment is used,

The treatment is fairly simples As the substances to be removed are
volatile, it is sufficient to heat the oil to a high tempsrature and inject
steam to carry off the impurities, which are then condensed and evacuated.

In Purope, the parameters are typically a temperature of 180° Cy an
absolute pressure of 5-6 sm of merocury, and a cycle time of 4-5 hours, In the
United States, where much higher temperstures are used (230°-240° C), the cycle
time can be reduced to 1,5~2 hourss The colour thus obtained is lighter, and
the cyclopropenic aclds (malvalic and sterculic acids) are mors or less des-
troyed, which 1s one of the aime of the treatmemt. Nevertheless, the equimment
mist be made of stainless steel and is therefore more expensive.

Decdorizers have capacities of 10-30 tons per 24 hours,
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Ge 8 0 t strat n

cotton-se processing

The processing proper of cotton-seed begins after ginning and consimts,
as has been seen, of the following operations:

Cleaning Jeed
Delinting preparation
Dehulling and hull separation
Flaking
Flake cooking Separation of
01l extraction oil and cake
01l refining
Deguaming
Neutralization o1l
Bleaching refining
Deodorisation

Yor each operation, an indication has been given of the capacities (in
tons of seed per 24 hours equivalent) of the various types of equipment that
can be used,

Seed-cotton ginning heads the list and can de done independently, since
its main purpose s to provide fibre for textile use,

01l mills can carry out all or part of the processing, They can also
decide on the capacity required for each step, by choosing the capacity and
mmber of each plece of equipment,

Many comdinations are therefore possidle,

One possidility is complete integration, from seed cleaning, or evem
ginning, to refining,

Another possibdlity is to set up a ohain of plants, each of whioh does
part of the proocessing,




Only a detailed study permits the determination in each case of the best
economic choice, which depends on such factors as: the aeed2 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-producis, (linter-.; and hulls),

It may be more profitable to gin ~nd prepare the seced (~leaning, delintine,
dehulling, and separating the hulls) in small units (15 tons/?d hours) near the

harvesting areass

In some countries, delinting or dehulling may not be ecnnomically advisabice

FPlaking and cooking are always associated with extractione Hydraulio-
or screw=press extraction may go with small plants (19=50 tons/(‘d houri), but
the investment required for solvent extractinn, with or without pre-presving,
are not usually justified except for large capacities (00 tons per 4 hours

upwards)e

The refining plant is not always installed in the oil mill, although
international trade is only in neutralized oils, A choice is possible between
local batch refining units, of less than 30 tona/?d hours capacity, and larger

contimious units,

1t ic sometimes advisable to make provision for extraction and refining
from other seedse Such multipurpose units can be supplied more regularly and
for longer periods of the year, at least when harvesting times differ; the
equipment runs for more hours a year; the aforage and mamufacturing 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 >8t per
ton.2 Multipurpose units may have an extraction capacity of
700=2 ,000 tons/24 hours, and a refining capacity of 300 tons/24 hours.

.2_4/ Seed in general, not only coiton-seed, since some equipment .
(mncﬂon and refining equipment, for example) can be used to process
several kinds of meed.

In the countries where labour is expensive, the ocost price decreases
considerably when capacity increases considerably, since the work force is
nearly the same for extraction units of 200 and 1,000 tons/24 hr oapacitys
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Ve COTTON~-SEED OIL

A. alit gt 3
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 ite. 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 i3 below T+6 Red, the free fatty acid content is
under 31¢25 per cent and flavour and odour after refining are pleasant;

- "Basis prise crude o0il", when refining losses are delow 20 per cent
and the colour index does not exceed 12 Red;

= "Off crude 0il", when refining losses are bdelow 25 per cent and the
oolour index under 20 Red;

- "Reddish off crude o0il”, when refining losses are below 40 per cemt
and the ocolour index under ¥ Red}

- "lLow grade crude 011", when the 0il does not meet the adove
specifications,

Rsfined oil

Usual trede claseification

In the United Btates, NCPA recognises ten different grades of refined
cotton-seed 0il, according to extraneous material comtent, ocolour, taste amd
amell, and free fatty acid, water and volatile matter contenmt,

(a) Meutralized oils:

- Wt must be free of visible extranecus material,
clear ant at melting point of stearine, colour index not
exceeding 7.6 Red, sweet taste and mmell, free fatty acid contemt

not exceeding 0¢125 per cent, and moisture and wvolatile matter
content not exceeding 0,10 per cest;
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- W: specifications as above, except that the
ee fatty acld content must not exceed 0,25 per cent;
- qge Minter yellow: as prime summer yellow, but must pass the
oold test laid down in the rules;

- M_gmlﬁ_}g!: as prime summer yellow, but requirements
or taste and smell are less siringent;

~ Summer yellow: as prime summer yellow, except that the colour
Inﬁex must not exceed 12 Red;

- Off supmer yellow: may be of inferior taste and smell, colour
index must not exceed 1.’ Red, it must be free of visible
extraneous material, free fatiy acid content must not exceed
0.50 per cent, and water and volatile matter content 0.10 per centj

- W: as of f summer yellow, but colour index
not exceeding Red and free fatty acid content not exceeding
0.75 per cent;

(v) Bleaching neutralized oilt:

- W: no visidle extraneous material,
clear at the melting point of stearine, sweet taste and mmell,
colour index after bleaching not exceeding 2.4 Red, free fatty
acid content not exceeding 0,25 per cent, water and volatile
matter content not exceeding 0,10 per cent;

(c) Bleached oils:

- te: as prime dleachadle susmer yellow, except
e Tlavour must not de earthy;
- ter tet as prime summer white, but must alsc pess the
o0 [ 2 2 2

International specifiostions recommended Yy PAO (1969)

The ocharacteristics of ootton-seed oil are:

Relative density at 20° ¢ 04918-0,926
Refractive index at 40° C 1.458-1+466
Saponi fication hzhmz-é/ (ng X OH/g 011) 169-198
lodine ind (Wi i) 99-119

Indicates the average molecular weight of glycerides in the oil.
Indicates the degree of mom—saturation = the mmber of doubdble bonds.

ER

P ———
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Unsaponi fiable matterld Maximum 15¢/kg
Halphen reactio Positive

The FAO document gives as its quality requirements:

Acids: below 0.6 mg K OH/g oil
Peroxide: below 10 milliequivalents H202/\cg of oil

Colour: characteristic of the product;

mell and taste: characteristic of the product, without any
strange mmell or taste, or rancidity.

Impuritie (maxima):

Pejoentage  In mclig

Volatile matter at 105° ¢ 042

Insoluble impurities 0,05

Soap 0,005

Iron 1.5
Copper 0.1
Lead 0.1
Arsenic Cel

The FAO standards specify the types and perminsidble concentrations of
suthorized additives, and also sampling and test procedures,

Be of the free fatt
jon—-se
The composition of the free fatty acids in cotton-seed 01l is much the
same whatever the variety oconcerned,

Table 15 compares the free fatty acid composition of cotton-seed oil with
that of 11 other commonly used edidle oils (fluid or solid).

Unsaponi fiable matter includes sterols, Rydrocarbons, toocopherols,
aliphatic aloohols, and terpenic alcohols.

g?/ The Halphen reaction, which is peculiar to cotton-seed oil and oartrin
rare oils (kapok oil, for instance), is based on the cyclopropenic fatty acids
(malvalic and sterculic acid)e Their concentration in cotton-seed oil varies
from 0,04 to 2 per cent (average 1 per cent), There is usually more malvalic
acid than sterculic acide The acids have special Piological properties and are
mostly removed in refining.

The gosaypol ic saponified during refining and is removed with the
soap stock,
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The figures for cotton-seed oil are those measured by John L, Iverson
(Food and Drug Administration, Washington, United States) in 1969, by gas
chromatographye L 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

Solidifation

Natural oil Jodine index temperature ( C)
Sunflower 115-135 ~18,5 to =16
Soya 121-142 -18 to -8
Maize 111-128 -15 t0o O
Cotton-seced 99-119 +2 to 4
Colza 94-105 0
Sesame 100-108 £ to =3
Groundmat 84-105 -2 to +3
Olive 78-95 -9 to O
Palm 44-56 +24 to +30
Palm-kernel 16-23 +19 to +30
Copra T=9e6 +14 to +25

Souroe: FAO Commodity Policy Studies, Noe 22, Rome, 1971

Cotton-seed oil belongs to the first group, the extreme positions in which
are filled by sunflower and oolza oil The oile of this group have a high
linoleic acid content, with the exception of Colza oil (018 : 2 - a free fatty
aoid with 18 oarton atoms and two double bonds)e As a result:

il‘ For the other oils, the material used oconsisted mainly of doouments
from G

(Institut teohnique d'études et de recherches des corps gras).

32/ Grape-seed oil also belongs to the first groups
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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 mutritionists, 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 takes

Linolenic acid must also be oconsidereds It is undesirable, because it
oxidizes easily, producing substances that should be kept out of foode Unlike
soya and colza oils, cotton-seed oil does not contain linolenic acid, and this
is an advantage, although hydrogenation, which is mainly intended to solidify
fluid oils, permits the almost complete elimination of linolenic acide This
can be seen by comparing the composition of natural and hydrogenated soya oilss

Main Soya o0il in Hydrogenated
fatty acids the natural state soya oil
Ci6* 0 10,2 9.7
018 t 0 4e6 4.1
c18 t 1 2546 5161
Cig t 2 5148 351
Cig 3 Te8 0,0
100,0 100,0

Hydrogenation is therefore less necessary for cotton-seed oil than for
soya oil, sinoe for the former the benefit is technioal (modifiocation of
consistency) rather than nutritional.

Colza oll is unique in that it oontains 1ittle 1inoleio aocid but a large
amount of erucic acid which has been blamed for provoking cardiopathy in humans
and animals, This has led to deoreased consumption in some countries.
Oeneticists huve selected varieties of colza seeds in which erucic acid ia
replaced by oleic acid,

The first group of oils also includes grape-seed oil which is manu-
factured in very small quantities, Orape-seed oil has the highest linoleic
acid oontent,

—

T N
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The solidification temperature of cotton-seed oil is the highest of all
fluid oilse It becomes cloudy at 50—70 C, which is a drawback in winter and
for storage in refrigerators; it is cleared by winterization (see chap~-
ter IVeE.).

The sccond group of oils (sesame, groundnut, olive), to which colza oil
could also be added, consist mainly of a mono-unsaturated fatty acid: oleic
acide 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 ise Palm 0il contains a good deal of oleic acid,
while palm-kernel oil, and especially copra oil, contain mainly saturated
short~chain fatty acidse They are used for making margarines and shcrtenings,
and are suitable for cooking and frying.

Ce Interchangeability with other oils
The criteria governing the choice of fats depend on the intended uses

The characteristics to take into account include:

- The percentage of saturated, mono-unsaturated, and poly-unsaturated
fatty acids;

- The exact nature of the fatty aoids;
= The solidification temperature;
-~ The viscosity at different temperatures;

- The taste, smell and colours

Cotton-seed oil, which belongs to the group of oils rich in poly-
unsaturated fatty acids, is less stable than the oils of the seocond group
or the solid oilse 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 inhibitorse. Gossypol would have
the same effect, but it is removed almost completely in refininge

Hydrogenation has generally permitted a greater interchangeability of
fatse, O0ils 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 oils

"Salad oils" is the term used for any oils used directly, or in emulsion,
to season cold foodss. They must be fluid, which excludes all solid oils,
except in hot countriess 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 0il, for example),

For use in cold dressings (mayonnaise, etce), the flavour of the oil is

of little importance, since it is masked by the flavour of the other ingredients.
The most important requirement is that o0il should emulsify easily.

Cotton-seed oil is eminently suitable for the following three p&rpoaea:

- Traditional consumption (sometimes there is 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,s Cotton~-
seed oil is useful in that it balances the fatty acid content by its
high linoleic acid content: this is also a dietetic argument (but one
that is seldom encountered outside the United States)s It thus competes
with sunflower, maize and grape-seed oils, and also unhydrogenated soya
oil, whose high linolenic acid content is a drawbacke.

- Use for cold dressirgs. This is a much narrower market. Cotton-seed
oil produces the right kind of emulsiona

ME and ooogm oils

Interchangeability is reduced, because an oil is needed that is not
changed by heat (frying raises the temperature to 180°~220° C)e




»
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Pure cotton-seed 0il, like the other oils in the first group, is sultable
only for low temperature cookinge It deteriorates less than soya or colza

0oil, however, because of its lower linolenic acid content.

After hydrogenation, 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
({;22 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 o the foods

Spreadi fats (margarine

Margarine must have a pleasant taste, and be of a consistency (plasticity,
spreadability, melting point) similar to that of butter.

With hydrogenation, fats are almost completely interchangeable,

The current trend is to increase the proportion of linoleic acid to meet
the criticism of mutritionistss There i8s 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,

Fats used in the manufacture of past biscuits, cakes, and other
our-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 rheological properties (plasticity,

creaminess, etc,) are also extremely important.

With hydrogenation and other industrial proceasing techniques (inter-
esterification, fractionation techniques), fats are almost totally
interchangeable, In practice, solid oils and animal fats are widely used.

Pure (unhydrogenated) cotton—-seed 0il and other fluid oils oannot be used,
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Animal feeds

For "milk substitutes" (meaning foods for young m-wmals), the fats

employed are mainly suet, copra and palm oil, and lard.

Fats are added to dry feeds (mixed feed manufactured industrially or by
the farmer himself) to improve the food intake of adult animalse The animal
stomach is not as demanding as the human stomach; so inferior fats can be
useds 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 doc¢s 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); !

For the manufacture of plastic or artificial textiles, castor oil
is used;

4

For 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 bases Nevertheless, interchangeability is
limited by the quantities of saturated and unsaturated fatty acids that must
be usede For the mamufacture of fatty acids, fats are chosen solely according
to the amounts of acid or acids that can be obtained by fractionatione The
choice is reduced still further if certain acids are wanted that are found only
in particular fats and cannot be produced by hydrogenation from unsaturated
acids with the same number of carbon atoms. The choice is much greater when
an acid of the stearic type C g ¢ O i3 wanted: it can be obtained by hydro-
genation of oleic acid 018 : 1 or linolenic acid 018 : 3, which means from

nearly all fats and ollas,

In conclusion, oil interchangeability varies according to use, but has
been greatly extended by hydrogenation.

Cotton-seed oil is most directly interchangeable with the other oils of
the first group (sunflower, soya, maize, colza)e

Y e
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VI. COTTON~SEED 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.);

- The conditions of cooking, which affect the free or protein-
bound gossypul content; d

- 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
mearured (see table 18):

Table 18, Composition of various types of
cotton-geed cake and meal

(percentage)
Crude
Proteins 0il Water fibre Ash

Hulled cake 20 -~ 30 5-8 4-15 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 cakes for which the figures fall outside the ranges indicated
in the table, but they are a minority (mainly screw-press extracted cake,
whose oil content may be as high as 15 per cent).

Cotton~seed cake also contains varying amounts of other undesirable sub-
stances: free or bound gossypol, aflatoxins, pesticides, solvents, and insect
scraps (see chapters I.G. and III.A.)e.
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The regulations of the Uuited States NCPA require a minimum protein con-

tent of 36 per cent.w

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 goasypol' - has a maximum free gossypol content cf 0.04 per cent.

B. Amino-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-pressing;

= 3,40 per cent for meal obtained by direct hexane extraction
of oil;

3.70-4.40 per cent for acetone-hexane-water azeotrope
extracted meals.
As lysine is the first limiting factor on cotton-seed protein,
(the other deficient amino-acids are isoleucine, methionine and threonine),
the o0il extraction process greatly influences the nutritive value of cake.

Table 19 allows a comparison of the amino-acid composition of cotton-
seed cake and six other cakes.

As 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 linseed 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 antimutritional 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

Except for unhulled oakes, for which the minimum content is reduced
to 22 per cent.
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Table 19, Amino~acid composition of various cakes

(percentage)
Lesential and semi~ Cotton~ Soya Colza {Groundnut | Sunflower Sesame Linnedl
essential amino-acids lc::: cake cake cake cake cake cake
Arginine 11.2 7.0 5.7 1.0 8.7 10,0 8.9
Cysteine 2.0 1.2 1.2 1.4 2.1 1.7
Histidine 2,7 .0 2.6 2.4 2.4 2,4 2.2
Iloltutﬂn‘ 3.’ ‘07 3.’ 3q6 ‘.6 3q‘ ~.5
Leucine 6.1 7.9 7.0 6.5 6.1 6.1 $.9
Ly.i“. 2.5’404 6.3 5.9 3.5 s 2,7 3.7
Methionine 1.5 1.3 1.8 1,1 1.8 2.1 1.7
Phenylalanine 5.2 5.3 3.9 5.5 A7 4.5 4.5
'n\l'tonﬂnl 3.‘ 3.' ‘Q‘ 3q° ,0‘ 305 3..
Tryptophen 1.4 1.3 1.3 0.9 1.3 .2 1.6
Tyro.iﬂ. 3.2 38 2.3 4.5 2.3 4.7 1.2
Valine £ n’ 5.0 5.0 ‘.3 ,o. ‘o. 5.0
Average protein content
of cake 40=-45 | 4450 35 45-50 17=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-seeds Morsover, the technique of dehulling
colza seed has not yet been perfected.

Groundmnut cake does not contain noxious substances, but is often conte-
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 caks my be adjusted within limits by the addi-
tion of industrial amino-acids, especially lysine. Such a step mist, 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 oakes 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 244 but |
also additional lysine (and possibly methicnine), non-protein nitrogen (urea),
lucerne flour, plant silage, beet pulp, fish meal, bone meal, blood meal,
milk powder, lactoserum powder, etc., according to the needs of ruminant or
non-rumina-t, young or adult stock.

For a long time, cotton-seed oake 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
can even digest some of the cellulose of the hulls,

Non-ruminants (poultry and pigs), however, are more affected by the free
goesypol, and the cellulose does not provide them with any nourishment. As
has been indicated (see ohapter 1.0.), the combined action of gossypol and
oyclopropenic acid causes an unpleasant change in the colour of egg yolks,

34/ Another prectice 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 bulk or packed., It
should not be re-moistened beyond its normal moisture content, or recon-

taminated by moulds, micro-orgenisms, insects and so on.

Ce 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 plantj

- A paddle mixing mechine, with a shaft turning at 150-500 rpm.
High~pressure steam is introduced to heat and moisten the cake,
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 same direction, at a
speed of 160 —400 rpme 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 15-16 per cent during the process and the
temperature rises to 800-900 C. Tis 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

& screeéen.

Occasionally, corrugated rollers are used, to grind the pellets into
smller particles,

At present, most pellets are made from solvent extracted meals, supple~
mented with refining impurities, whioh act as lubricants that facilitate
pelletization and increase pellet oohesion.




Equipment capacity is 1 ton per hour for every 10 HP; power varies
from 30 to 300 HP,

The volume of the pellets varies from 4.1 to 14.3 om3.
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VII. BY~PRODUCTS AND RESINUES

In order to establish from the outset the importance of the two main by-
products, linters 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

Percentage
Weight Average price Value in of total
By-product in pounds in cents/lb dollars value
0il 325 14.70 47.78 5045
Cake (41% |
protein) 927 3.68 34.11 3640 |
Linters 194 3.83 7443 7.8 ,
Hulls 468 1.15 5438 567
TOTAL AMOUNT 1 914 4495 94.70 100,0

Scurce: US Fats and Oils Statistics.

The figures show that in the United States linters and hulle account for
about 8 and 6 per cent respectively of the value of cotton-seed after ginning.

A. Linters

Quality grades

As wau seen earlier (chapter IV.A.), saw-delinting was the most frequently
used process and could be carried out in one run, which produced *sdll-run®
linters, in two successive runs, which produced "first-cut" and "second-cut”

linters, or even in three or four rums.

The weight of linters removed depends on the initial weight around the
geed (0-12 per cent depending on the species), the delinting process 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. Mirst-cut staple
is generally 2-6 mm long, and second-cut 1-3 mme 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 is mill-run;
Class 5 is mill-run and second=—cut;

~ Classes 6 and 7 are second-cute

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 required must be as pure as possible, The
material must be very clean, with a minimum oxy-cellulose, wax and oil,w
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.

35/ Oxy—celluloses are soluble in alkalis. Linters contain 10=30 per
cent oxy-cellulose.

36/ Waxes and oils are soluble in ether and benzene. Their concentre~
tion must not exceed 2 per cent.

The usual concentration is 2.5 to 3.5 per cent. It should be kept
telow 3 per cent.

38/ The iron content mst not exceed 500 ppm.
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Uses of linters

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), harmesses, 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 ethyleme oxide (hydroxyethylation) improves the
characteristice 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 rew materials such as wood pulp
because of their higher e cellulose content and because they are free of pen-
tosanes and lignin.

Without going into detail regarding chemical reactions or competing
materials for each use, one may mention the following main markets for
linters for ohemical applicationst

- Cellulose acetate production for the manufacture of reyon
(viscose) and photographic film bases and for injeotion
moulding;

- The production of nitroocellulose, & well-lmown explosive,
Linter prices tend to rise in war-time, as happened in
1950 in the United States (Koream war). Nitrocellulose
has many other uses, however: automobile paints, artifi-
cial leather, paper coatings, photographic films, eto.}

- Carboxymethyl cellulose and other similar derivatives,
used as thickeners in the paper-making, textile, food, -
detergent and other industries,
For all ohemical applications, . lidters must face oompetition from cheaper

producte (wood pulpy synthetios, -etc.).
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Economic considerations

As was pointed out in chapter IV.As, saw~delinting may be pointless if
there is no adequate market for the linters., Saw-delinting requires heavy
investment, consumes power, and produces dust and noise.

Other delinting processes (buming, acsd- or abrasion-delinting) are pos-
sibles They destroy the linters 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 linters is
technically difficult, and involves oil and kernel losses; and the kernels
obtained after dehulling undelinted seeds contain less hull SCrapss

Calculations made by S. Clark (see chapter IV.B,) show that if the average
selling price of linters 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 is 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)y or three or four runs, depending on the cost of each option and the
selling price of the linters 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 mey 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
mist be adjusted to keep a suitable amount of linters on the seeds.

B. The hulls
The composition of the hulls was given in chapter I.F.

After grinding, the lulls can be separated by screens or cyclones into
two fractions:

B
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- Hull fibres, which contain about 70 per cent o ~cellulose,
with an average length of 3 mm;

- Hull pepper (also called "hull bran"), which contains
little m—cellulose but large amounts of pentosane and
limino
The constituents could be even better separated by physico-chemical pro-
cessest
- As lignins and pentaosanes dissolve in hot (130°-140° C)

alkaline solutions, almost pure« -celluloses could be
separated and used for manufacturing rayon;

= By processing the hull pepper with water, which removes
guns and ash, and then with sulphuric acid, the pento-
sane molucules are broken down and xylose is obtained,
Pentosanes can also be converted into furfurol, which
is used for menufacturing plastics and paint.

= Acid hydrolysis of cellulose gives glucose and, as a
solid residue, lignin, the applications for which are
limd ted.
Hulls are in fact one of those many agricultural by-produots (sugar—cane
bagasse, maize ears, oat and rice seed coats, coconut hulls, etc., that it is
difficult to put to profitable use.

Uge as fertjlizer

Because of their low density and their composition, hulls are excellent
humis fixers.

Use as fuel

The oalorifi: value of hueks is about 40 per cent of that of fuel oll,
However, they must be burnt only in furnaces made from fire-proof bricks with
a high alumina content, sinoe otherwise the ash could provoke oorrosion of
the bricks.

U 8 1 _feed

This is by far the mnet frequent use. Despite their low nutritional
value (approximately 50 per cent of that of a good-quality hay), & lack of
vitamin A and some essential mineral salts, they ocan be easily digested by
ruminants when mixed with feeds.
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In some countries, therefore, all the hulls are left with the cake (there
is 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 - paper-making -
separate extraction of cellulose, lignin, xylose and furfurol.

Ce Soap stock

Soap stock is the by~product obtained by neutralization of cotton-seed
Oilo

I¥ 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), phosphates,
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 frequemntly used way of disposing of soap
stock, but is not recommended because of the many impurities in the soap stockr
which adversely affect the quality of the finished producte

The fatty acid content of soap stock (either free or bound as soda soap)
makes i1t 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-
timious or discontinuous operation. The fatty acids may then be distilledy if
necessary, 8o as to remove all residual impurities, and to separate relatively
pure palmitic acid from a mixture of oleic and linoleic acide. 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 varnishes, 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),

De The ble&ohiqg 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 recoverad by the second method is not exposed to the air,
it can 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. Qther y-products

Phosphatides (see chapter IV.F.), which contain lecithin, msy 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 consis’ of free fatty acidd, 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.

F. Environmental effects

Cotton-seed oil mills dv not cause much pollution.
Nevertheless, whenever local conditions require that only high~quality

water is discharged, chemical, and possibly biological, purification will be
necessary, sincet
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« The extraction waters contain traces of solvent when solvents
are used;

- The water from refinery degumming and washing contains, as
has been seen, various substances;

- Deodorization water contains soluble or emulsified distillates.

For 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 ususlly
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
turnt.

An oil mill is noisy (oonveyors, delinters, dehullers, presses) but the
noise level can be lowered by taking oertain precautionary measures during
installation.

One %ype of pollution is speocific to cake stores: when the cakes are
spread on the ground and moistened, they form a sticky paste that may fer-
ment. The stores must be kept clean.
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VIII. THE COTTON-SEED MARKET

A+ The main producing countries

Areas under cultivation and fibre yield and production from 1973/74 to
1976/77 (provisional figures) for each country are given in chapter I, where
information will alsoc be found on the species grown in the main producing
countriess This is important for the seed processing industry because the
amount of linters varies greatly from species to species, and protein content

also variecs,

According to FAO statistics, the movement in world cotton-seed production

between 1970 and 1976, in millions of tons, were as follows:

1970 1971 1972 1973 1974 1975 1976

2241 23eH 2447 2449 2549 2249 2346

There was almost n- movement; the ratio between the highest production
(1974) and the lowest (1970) is only 1lel7e

Table 21 shows how the production is distributed among the main producing
countries, for the years 1973, 1974, 1975, and 1976 Four 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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Be Comparison with other oleaEnous plants

Table 22 shows (in millions of tons) the production of the main oleaginous
seeds from 1970 to 1976,
Table 22, Production of main oilseeds 1970-1976
(million tons)

Seed 1970 1971 1972 1973 1974 19715 1976
Soya 46.5 48.5 52.3 62.3 56.9 68.9 6261
Cotton 22,1 2345 2447 2449 2549 2249 2346
Groundnut 18.4 19.2 15.9 17.0 17.3 19.6 18.5
Sunflower 9.9 9.7 9.5 12,0 10.9 9.4 10,0
Colza 6.7 8.1 6.8 7.1 7.2 8.4 705
Copra 346 3¢9 4e4 347 346 445 449
Linseed 4.1 2.8 245 244 2¢3 245 25
Sesame 242 240 1.9 1.9 1.9 1.9 240

Source: FAO Production Yearbook, 1976, Rome, 1977,

The Beeds 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 seede, 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 01l Protein
Soya 2 42
Cotton 19 21
Dehulled groundnut 48 19
Colza 51 2
Sesame 50 25
Sunflower 39.6 13.#
Copra 69 Ted

Source: UNIDO, ID/126.
&/ Some suthors give higher figures, from 16 to 24 per cent.
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According to Table 24, the position of cotton-seed is not particularly
good: 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,3 which is the main factor in turning

seed to profitable 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 cotion-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 (cfe chapter V) and
cake (cfe chapter VI)es The coefficients also fluctuate according to the market

(supply and demand ratio), stock levels, crop forecasts and so one

Ce 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 handles 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 cakse, so as
to avoid high transport costs for a merchandise which contains only 50 per cent
useful materials

Table 24 shows the main exporting and importing countries in 1976,

ﬂ/ Copra is also richer in oil, but is rather a different case,
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Table 24, Main cotton-seed exporting and importing countries in 1976

Seed exports

Exporting country

Thousand . tons Percentage
World 227.3 100,40
Africa: 6304 2709
Mali 1640 740
Ivory Coast 1144 5¢0
Chad 10,0 4e4
America: 9643 4244
Unj ted States 6448 2845
Nicaragua 3162 1347
Asia 14.6 6.4
Europe 2.4 140
USSR 49.8 21e9
Oceania and Australia 048 0e4
Seed imports
Importing country
Thousand tons Percentage
World 23643 10040
Africa 045 042
Americas 7046 2949
Mexico 6401
Asiat 117.1 49.6
Japan 9540
Lebanon 2240
Burope! 48,1 20,1
Greece 4640
USSR, Oceania and
Australia 0 0

Source: FAO Trede Tearbook, 1976, Rome, 1977
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Do Movement of cotton-seed 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
feOsbe OFr ceiefs), 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,

A1l the following figures are taken from FAQ documents, particularly the
Monthly Bulletin of Agricultural Economics and Statistics.

le Production price
In Egyptt 44-49 $/ton from 1975 to 197749/
In the United States: 75-145 $/ton from 1975 to 1977

2« Wholesale price
In India: 109-216 $/ton from 1975 to 1977

3¢  Import price

In Japan, for cotton-seed from former French West Africat
163-256 $/ton ceisfe from 1975 to 1977

In Europe (Antwerp, Rotterdam): for cotton-seed from Sudan, Ceiefel

Year 1972 1973 1974 1975

Dollars/ton 106 153 230 219

As a comparison, the FAQ Monthly Bulletin gives the following price ranges
for soya beans for the period 1 January 1975 to 31 December 1977t

For the United States producer, 157-338 $/ton
For the United Kingdom importer, ceiefe United Kingdom, 186-393 $/ton,

This shows the price difference in favour of soya bean,

Ee Mode of delivery and transport costs

Transport costs are an important element of the final price of cotton-seed.

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.

"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 seed 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 ir 1978 for shipments from the
Ivory Coast and India to a French ports They are based on current conferencei]-'/

rates.

Table 25« Cotton-seed shipment costs
(dollars/ton)

Basic freight

From To Packing cost Supplements Total
India France Containexrs 70 X 100
Ivory France Bulk 24 8 32

Coast (2,500-3,000 tons)
Ivory France Bulk 20 T 27
Coast (10,000 tons or more)

Sources: Compagnie générale maritime,
Burry Rogliano Salles,

It can be seen that container, or even bag, shipment is possible for small
quantities, 2 The costs are far higher than for bulk shipment, so the latter
is more frequently employed.

P, lity 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,

g_y "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 Buropean ports. Shipping traffic
is thus distributed in several "conferences' within which the companies agree
on identical freight rates.

2/ Containers 20 or 40 feet long (27 and 54 m
tively} may be used.

3 useful capacity respec-
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The quantity index
The quantity index can be calculated by the following formulas

1=dp)+6pptpy+h

wheres
Pl = percentage of oil
P2 = percentage of ammonia
P3 = correction for the percentage cf linters

P3 is determined as follows:

Percentage linters

¢n seed Correction

1046 and higher premiun = (percentage linters =1045) x 140

10,5 None

10e4 to 940 rebate = (10,5 -percentage linters) x 1,0

849 to 4,0 rebate = [(940 -percentage linters) x 240]
+ 105

3¢9 to O rebate = [(4.21 ;percentage linters) x 2.5]
+ )

The quality index

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 abcve-mentioned figures are exceeded, the quality index is reduced
as follows:

A deduction cf 0.4 for each 0.1 per cent of free fatty acid
over 1,8 per centj

A deduction of 0,1 for each 0,1 per cent of extraneous material
above 1 per cent;

A deduction of 01 for each 0.1 per cent of moisture above 12 per ocenite




- 124 -

"Off-quality" cotton-seed

Off-quality cotton-seed is cotton-seed that has gone through 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 systeme of classification,
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IX. THE COTTON-SEED OIL MARKET

Ae World production

World production of cotton-seed 0il 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) 2¢79 3401 3415 3430 2.83 3e76

Percentage of world
cotton-seed pro-
duction 11.3 1261 1242 14.4 12,0 -

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 extractions

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 productions

Table 27. World cotton-seed 0il production compared
with total fats production

1977
(provisional

1972 1973 1974 1975 1976 figures)

World cotton-seed
oil production,
as a percentage
of total world
fat production Tel 6e7 Te2 Te2 59 7.8

The comparison also shows that world cotton-seed oil production lies far
behind that of soya oil, a little behin: that of sunflower oil, and on the same
level as that of groundnut oile 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,
was ag followst

19714 1975 1976

Crude cotton-seed
0il production

from 1974 to 1976

(million tons) 04686 04551 04446
Table 28, Annual world oils and fats production, 1973-1976,
and forecast for 1977
(million toms)
1977
(provisional
Raw material 1973 1974 1975 1976 figures)
Soya 7.38 9.30 8027 10,10 9.53
Sunflower 3058 451 3497 3e56 4417
Colza 2.41 2.37 2.50 2.47 2.43
Palm 2.25 261 2.94 3e23 3.58
Fish 0.8 1.00 0.97 0.91 0.99
Groundnut 2.91 3005 3,01 3045 3.28
Lard 4426 4446 4433 4.3 450
hurtcuay 20% 2069 3027 3053 3036
‘ Cotton-seed 3.01 3615 3¢X0 2.83 3476
Other edible
products b/ TelT 7622 7409  Te57 6466
Tallow and fats 4e43 4092 4470 4470 4.9
Other non-edible
products ¢/ 151 1467 1450 1452 1445
Total 42,66 46495 45.85 48.17 48451
United States 10,64 12,34 10,18 11,50 10,83
Other countries 32602 34461 35467 36467 37.68

Sourcet National Renderers Association, 1976,

8/ Cooonut, palm scrap and babassou oilse

b/ Sesame, safflower, maize, olive, butter and whale oils,
o/ Castor and linseed oils, oiticic oil, tungmten oil, olive and

spemm oil residues,
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Bs 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 1976 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 1975

World exporis in 1975

Edible vegetable Thousand As
oil from: tons percentage
Soya 1,364 21,1
Palm 2,046 3146
Copra 1,031 16,0
405 6e3
Cotton-seed 375 548
Sunflower 624 946
Palm-~-kernel 259 4,0
Colza 353 5ed
Sesame 3 -
Other 8 -
Total 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 stimuli combine to develop soya
cultivation throughout the worlds The United States still dominates the market,
but areas under cultivation are rapidly increasing in Brazil and Argentina.
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The main contribution to the rise in edible oil resources, however, will
be palm oils 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 1967 was 200,000 tons and is now
1,500,000 tonss Malaysia expects to be producing 5,500,000 tons by 1990,
Other countries are also developing their production, especially the Ivory Coast
and Indonesias Allowance must aleo be made for palm trees planted throughout
the world which have not yet reached fruit-bearing age, or are not yet giving
maximum yielde 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 cents

As a result, the share of cotton-seed o0il in world wvegetable oil pro-
duction will fall, as will its already tiny share of exporis. Another conse-~
quence, which affects all oilseeds, is that a reduction‘ﬁ/ in oil prices is

expected,

Ce The price of cotton-seed oil

Crude oil

According to FAO, the average wholesale price of crude oil, in tank cars,
feoebs Valley Points (United States), was $600/ton in 1975, $514/ton in 1976,
and $578/ton from January to September 1977.

The cotton-seed oils traded internmationally 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 (ceiefe BEurope) for various oils
between 1960 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
0il (except from 1966 to 1969), and substantially higher than those of soya oile
But the price differences vary in abeolute and relative valuee, Bince oil prices
are very sensivive to all the factors that affect the supply and demand ratio,
particularly climatic conditions, which affect harvests, and also currency
fluctuations and speculation.

4} 1In real value, after oorreotion for inflationm,.
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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 meinly in semi-refined cotton-
seed oilse The reason for this is that crude oil has to be neutralized very
quickly, since otherwise the coloured pigments may fix irreversibly; this
happens within a few days or weeks, 80 it is inadvisable to store or transport
crude oil for long periods,
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Ds Effect of transport costs depending on mode of delivegx

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 costas/
(dollars/ton)

Basic freight
From To Packing cost Supplements Total

India France In tank 65 25 90

United States
(East Coast) Franoe In containers 180 28 208

Sources: Compagnie générale maritime,
Barry Rogliano Sallee,

a/ Conference rates,

It can be seen that tanker traneport is much cheaper, particularly since
even better terms may sometimes be obtained,

E. Quality etaniards
The quality standards to be met by ootton-seed oil are listed inm
chapter V.i,

F. Irsde grectice

On domestiic markets, millers often sell 4o refiners and mrgarine manu-
facturers direotly or through brokers,

On international markets, it is the large commercial firms and brokers of
the main centres who trade. Some of t.e trade flow is oconnected with special
sxport 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

1974 1975 1976

USSR 1 600/1 800 1 800/2 000 1 600/1 800
United States 1 910 1 510 1 230
China 900/1 100 900/1 100 1 000/1 200
India 900/1 000 900/1 000 900/1 000
Pakistan 500/ 600 450/ 600 300/ 400
Brazil 400/ 500 350/ 450 300/ 400
Turkey 300/ 400 300/ 400 200/ 400
Mexico 200/ 300 200/ 300 100/ 200
Argentina 50/ 100 100/ 200 %0/ 150

Approximate total 7 235 7035 6 250

Source: C. Robert, 1977.

The table is incomplete, however, since it omits several countries whose
production is not negligibles Colombia, Egypt, Guatemala, Nicaragua, Paraguay,
and the Sudan,

Table 33 permits a comparison of world production of various cakes, ©x-
pressed in thousands of tons of proteine

The table shows the dominant position of soya cake, but cotton-seed cake

comes 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
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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 centy which is quite
comparable, as could be expected.

Table 33, World production of various cakes

Cake protein production

Cake (average value 1973-1975)

Thousand tons As percentage

Soya 17 270 63.7
Cotton 3 660 13.5
Groundnut 1 990 Te3
Sunflower 1 630 640
Colza 1 340 50
Linseed 470 1,7
Copra 280 1.0
Miscellaneous 490 1.8

Total 27 130 100,0

Source: FAO statistics.

Be Internatio trade in cotton-peed c

Cotton-seed cake is traded in far larger amounts than cotton-seed and
cotton-seed oil. The figures for 1972-1976 were as followss

972 1913 9714 915 916
Total exports of cotton-

seed cake (thousand tons) 1 419 1 428 1071 1 088 894

Table 34 shows the main exporting and importing countries in 1974, 1975

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 Aaia.ﬂ/ The main exporters. are India
and Turkey, followed by the Sudan ard>Argentina.

g_g/ There are even some European countries, Greece for example, which
import and process seeds, consume oil, and export cake.
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1974 1975 1976
Thousand As per- Thousand  As per— Thousand As per=
tons centage tons centage tons centage
“EXports
Africa 215 20,1 3)5%:?_ 23,0 2172 2443
Egypt 2345 38.2 17.0;
Ethiopia 19.8 13,0 14.4
Mc zambique 2248 18,4 13,0)
Sudan 5548 93,7 (100)
Uganda 2646 16.1; 16'2;
United Hepublic of Tanzania 9.7 4343 2848
America 36343 331.9 289.6 2646 310 3447
Argentina 24.2; 5942) (95)
Brazil 8642 19.1) (3.5)
Colombia 29) 60.4; 44)
Guatemala 61.5 2747 35)
Nicaragua 7347 7064 603
Paraguay 1845 2046 28
United 3tates 4446) 1444 29,5)
Azia 386.5 36'1 44442 40.8 262.6 2904
India (14549 (192.4) (130)
Iran 4342
Pakistan 1447 (12.5; §30.1;
Turkey (152) (217.8 8849
Europe 95.8 8|9 9808 9.1 104 11|6
Denmark (16.9 (1547 (8.9
Germany, Federal Republic of (0.6 (0.9 12,9
Greece 6048 (75.4 63,0
Italy 1l.4 4¢3 (0407)
Netherlands (0.3 042 (10.6)
Union of Soviet Socialist Republics 10 1.0 5 045
Total world 1,071 100,0 1,088 100,0 894 100,0
8
Africa 14.7 1-5 04 1.4 1408 1-7
Rhodesia (11.2) (11.8) (1244)
America 6 0|6 248 0e2 14 6.1
United States (341) (0.6) (12)
Asia 5e4 06 5 045 -
Europe 94647 97.3 1,024 97+9 850 9647
Denmark (37242) (500; (43346)
German Democratic Republic (46) (s8 (30)
Germany, Federal Republic of (16047 (17846 (170.4)
Ireland 4.8 Te5 17)
Netherlands 3.1 2.8 11.4;
Norway 2648 20,8 20,8
Poland 4647 70 50)
Sweden 6445 71 56.33
United Kingdom 6845 3447) 3245
Unicn of Soviet Socialist Republics - - - - - -
Total world 973 100,0 14046 100,40 879 100,0
Sourvet FAO Trade Jearbook, ;ng, Kome 1977.
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Table 35 showe the position of international trade in cotton-seed cake in
relation to trade in other cakes.

Table 35. World exports of various cakes

World exports of cake in 1975

Cake Thousand tons As percentage

Soya 8 745 68.8

Groundnut 1 158 9.1

Cotton 1 115 8.8

Copra 697 55

Sunflower 358 2.8 ﬁ

Colza 2712 2.1 ;

Palm kernel 374 2.9 |
Total 12 719 100.0 _f

Cotton-seed cake occupiee 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 countriee are often
an extension of traditional flows: France, for example, continues to import
considerable amounte 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.

Ce Cotton-seed cake prices
Wholesale prices

The monthly bulletins of agricultural econdmics and statistics quote
separate wholesale prices for cotton-seed cake and cotton-seed meal, i.e. press—
extracted cake and solvent-extracted meat,.

The average price on the Copenhagen exchange for Danieh 46 per cent protein
cotton~-seed cake wae:

Year Dollars/ton
1975 174
1976 214
1978 (January to Auguet) 2417
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United States 41 per cent protein cotton-seed meal was sold in bulk in

Memphis (Tennessee) at an average price of:

Year Dollars[ton

1975 , 131
1976 175
1978 (January to July) 212

Import prices
The same FAO monthly bulletins indicate the average prices c.i.f. Liverpool

for 43 per cent protein cotton-seed cake from any origin as:

Year Dollara[ton

1975 172
1976 207 i
1977 (January to July) 255 |

"0il World Semi-Annual" gives the average price ce.i.f. Hamburg of a |
45-46 per cent protein cotton-seed cake for 1975 as 153 dollarq/ton. f

Comparison with other cakes

It is interesting to compare the wholesale prices (taken from the FAO
monthly bulletins) for a cotton-seed meal 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
(d0llars/ton)
Cotton-seed cake
(41% protoin) 131 175 212
Soya~bean cake
(44% protein) 147 190 258

The comparison confirme the slight price advantage in favour of soya oake.

The prices for ground-nut oake are usually about the same as those for
cotton-gseed cake.
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D. Effect of transport costsﬁi/depending

on mode of delivery

Because of the large quantities involved, cake is almost always shipped
in bulk, in special holds (tanks). For a delivery from India to France, the
cost is 27-32 dollars a ton, including supplements. The cake is 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 France, 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.

r. 8 importance of cake in the profitable loitation
of the congtituents of cotton-seed

Table 20 shows the importance of cake in relation to the other ootton-seed
by-products.

G. Trade practice

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 oountries, 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, &8 an example, set quotas.

4%/ The sources used are, as for the oarriage of oil and seed, the
Compagnie générale maritime and Burry Rogliano Salles,
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H. The developing countries

As 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. Qenerally 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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