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INTRODUCT ION

Tue object of the following report is to give an eccount
of the wain developments in the vorld eugar industry during
ths last decade. .

These developuents includs the changing relations betveen
suger end other eweetensrs and their influence on patterns of
consunption and on the intsrnational locstion of the industry.

Rucent price movements are reviewed and appraised in the
light of the cost of providing new capacity.

Finelly some account is given of current linss of

rsseerch and rscent achicvenents.

I. SUGARS ASD SWIETENLRS
| The uoyont‘ial‘ cherecteristic of a suger is {ts svestness
l’nd ths w“’tnu,l of the various sugars is usually expressed in
tcrm of sucrose equivalent. Sucrose is the purs chemical
.;?tjr.actod from the juice of ths sugar cane or of the beet, the
Hiu‘l' 'uagc of purification being that of crystallisation end
tae ssparation of the sucrose crystals (by centrifuge) from thc’
mother liquor lcaving e syrup - molaseee - which doce not
erystallise. A lecondlmpor'unt charactoristic of a sugar {s

eccordingly its puricy. In nany developing countries vhere

sudar is nainly required for houschold uecs a high depree of
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purity is not required and a substantial pert of their output
falls into tic gencral category of non-centrifugsl sugars.
Chemically, eugare are carhohyd}atuc. i.e. composed aolely
of carbon hydrogen and oxygen, the two lattar elemsnts in tha
proportion of twu to one as in waénr. and sucroes belongs to
the clase of disaccharides as do llcto:.lénd maltose heving
nfout one third the sweetnces of sucrose. Disaccharides are
characterissd by the ease with which they Lraak dowan by
hydrolyeis wader the influeuce of dilute acids or of ensymes

into monosaccharides according td]tho iquntion

+ H,0 = 2 CH,O0

C12Y22%1 2 6"12%

Typical monosaccharides of ths hexoee (six o;ygon atoms)
variety are glucose and fructose and the above equstion
illustrates the hydrolysis of maltose to give two moleculaa ot
glucoeo.. HMost dieaceharlidcs hovever hydrolyae into more than
one monosecchsride in particular sucrose into glucose end
fructose but as the general formula for all dieeccharides and
all hexose monosaccharides is the samec tuis diffscsnce is mot
tevealed by the above equstion which obscures ths complexity
of the molecules and reactions involved. |
Although thie complex structure can only be sdequately
repreecntod in sterco fashion the disposition of rsdicles

wituin tis various sugars may Le shown as follows:
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Clucose CLO-CHOU=. KO~ C10ii=C1i01.~Cll Ok

Fructose Cu20h~h0~cn0h-CuUh"Ch0n-anoh

Glucose has an aldehyde group CHO attached to the alcohol CLOH
$roups while fructose has instead a kaystone sroup CO, These
differing configurations give risc to different properties,
for example the sveetness of glucose is about 0.7 compared

vwith sucrose while that of fructose is about 1.2 in averlge

conditions. Again the asymmetric arrangement of the radicles

indicates optical activity. the slucose configuration turning

the planc of polarised light to the right whence the alternative
nauwe dextrosc while a solution of fructose (levulose) turms it
to the left. Other conmon wonosaccharides with diffaerent
configurations are glycerol and sorbitol, both with adout half‘
the swestncss of sucrose. Sorbitol is widely usaed as a food
presaorvative,

The sucrose nolecule is dextro-rotatory a property waich
is usod to determine by polarimeter the sucrose contont of
Juice, The molecule consists of a jlucose molecule linked
to s fructose molecule through two hydroxyl groups with the
elinination of Hzo aud as in the case of the two latter
would normally ocecur in rin, form rathcr than in tie straight
chain foru indicated avove,

The simple iydrolysis rcaction convertins QucrOIQ to
tlucosc and fructose is used to nase invert sugar whien

cuan;es the dircction of optical rotation wience the naae
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invert. This 1iquid sugar is widoly used im the manufactura
of confcctionery vicre softness in tha finisheu product 1o
requirecd. Since the fsracats or enzymes which caues this .

reaction ars alwayzs prasent in the atmoephara it will preceed

" whenever conditions are favourable .. With impura iuudrl

pura sugar vill not ferment because of the abesnce of the
aitrogen associated with impurities, The r.nctlol'huy proceqd
te ths extent of converting the esugar into nlco;ol ot
evemtually into acetic acid.

- The higher péiynncchnrldcs vhich are not sugars incleude:
as their most important mombers calluloaa and starch, The !
molacules are conplox'ﬁut are normally indicated by the aimple
formula (C‘Hloo,)n. :ltlrch from maiza is extensively ueed in
lqgiau';lucolc by a simple reaction with diluta acid and the
crystale q! glucose can be obtainod although it is wore
veually used in the form of a svrup (corn syrun). Nore
recently vith the use of suiteble ensymes high fructose lytipc
have bean dsveloped whici arc much sweeter and tend to raplace
1iquid sugar,

A third highly important characteristic of a sugar is fce
nutrient iulue given in terms of calorias. 1t has bsan .
caleuinted that an acre dcvoted to the cultivation of sugit
cane is capavle of producing more calories than any other foed
erop anu is the clicapest source of calories known, fugar o

all eneryy howevery 1t contaius no proteina or vitamine,



Sugare or more accurately sveeteners are accotdingly divided
into nutrient and non=-nutricnt (non-caloric) types. The
principal non-nutrient sveatencrs at present in coumercial uee
are eaccherin and cyclamate with reopcétivcly 300 times end 30
times the eweetnees of ordinery cane sugar under similer
conditions, They are chemically quite different from the
carboliydrates. They are inexpensive in terms of sveetness
but the poesivility of undesirebloe side effects 1o;alﬁiyo' o
under oxamination and currently only seccherin is allowed as o

food sveetener in the U.K. elthough in the U;BLA.'it vas 6cry

recently banned,

ITI. CONSUMPTION

During ths five years 1969/70 to 1973/74 inclusive,
vorld consumption of centrifugal suger increesed et an everage
rete of 3.1 per cent per ennum. This compares with a rete
of increese of 3.9 per cent ten yeers carlier and is coneidered
to be due partly to declining retes of populetion growth end
partly to lowver income elesticities of demand. Such eoncepts
are hovever only meaningful im reclation to the circunstances
of particular countries and even to particular cnd usee.

There ie of course a great variation in sugar consumption
per necad of population in different countrics reflecting

prinarily differcnces in income level but also consunption




hsbits, Thus in recent years it has averagsd sbout 50 kg per
head in the United States, the United Kingdom snd Scandinavia,
shout 55 kp in Australia and New Zealand and sbout 63 kg in
Israel, For most other Europcun countries and for lLatin
Amcrica it averages about 40 kg while in India it falls to
about 7 kg and in China éo about 4§ kg, Horcover, while
consumption per head in recsnt ycars has bsen virtually
stationary in the Western world and populstion ;ncreasing only
slovly, consumption per hesd in the developing vworld is
increasing at about 3} per csnt per annum and population at
about 2§ per cent, The shsre of the developing world in
sugar consumption has incrcased accordingly from about 37,7 per
cent iu 1969/70 to 39.2 per cent in 1973/74,

The slowest rats of growth during this period was in Lhe
United States averaging only 1.2 per cent per annum but this was
psrtly due to competition from corn syrups and sveetaners as
the foliouina figures illustrate:

)

Vo8,A.t  Consumption per licad of Suveetencrs (1Ls)

1901 1971
Sucrose 97.7 102,4
Corn syrup and Dextrose 14,3 21.4
Other caloric 2.2 1.7
won=caloric (Sucrosc cquivalent) 2.5 3.7




.

i

The share of suerose fell during those ten years from

83.7 per cent to 78.0 per cent. Corn based syrup is very mﬁch
cheaper than refined sugar and in competition with liquid

sugar and other refined sugars is steadily increasing its share
of ‘the industrial markec elpocinily in bakery and confectionery
uses, S8ucrose has virtually the whole merket for.honOChold
uses vhiech hovever is now 1ess than helf the industrial market
and until recently had maintained its predominance in brewing
and canning uses, This i’ nov threatened by the new high
fructose syrup, The market for dextrose used in the many-
facture of the lov calriec food preservative sorbitol is also

aa expanding one, A continuvation of existing trends in the
Unitced States would suggest therefore no further increase in
sugar (sucrose) consuuption boyond present laevels. The = '
expanding market would be taken up by non-caloric swenteners
and corn syrups, in particular high fructose syrup which by
1980 ray alonc account for over 10 per cent total consumption,
Waile tue United States leads in these devclopmonts, the trend
in Western Europe and to a lesser extent in other countries is
in tne same direction cege it is estimated that by 1930 high
fructose syrups will arount to over 5 per cent of total

sveetcner consunption,

In 1974 sugar priccs rose to reccord levels and helped
to vrin; about a fall in consunption especially in tre United
States rherc consusptiorn per acad fellby 2,7 ner cent from the

1973 level, Counsumption jper uead in tie developing vorld fell




slightly althouyh total consunption continued to increase.

The heavier fall in the United States and higi income countrics
was partly due to continuing inrvads by other swectenors
accentuated by the high supar prices but price clasticity =

in the U.8.A. cotimated at batween -0.15 and =~0.18 = was also
effective, In the lower income developing world ft is probable
that the high incorie elanticities verc sufficiept to offset the
influence of prices.

In genoral prices have exercised a strong influence on
ougnr consumption and production, The very great increase in
worid consunption from just over 30 million toms to just over
80 million tpns in tuae twenty yaars ending 1974 although
largely due to the steady rise in population and incomes was
also due to the lov price of sugar which accotding to the FAV
fell during this period by 40 per cent in roal terms.

Any foreceast of future sugur consumption .as to take
account thercfore of price movements as well as incone grovth
and competition from otiter swcotoners, - Lstimates for 1980
have accordingly been made betwean Y2 and 94 million tons at
high and low prices of “hich developing countries are 1likely
to account for about 44 per cent. In more detail FAO have
made two cstimates the lower based on the assumption that real
sugar prices rowain at 1973 levels in which case 1980 output
would be betveen 92} and 24 million tons and 1985 output at
108 million, If prices rose by 10-25 per cont then 1980

consunption vould ve between 53§ and 89! wmillion tons and 1983
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consumption about 104 million, Other estimates based on s

continuation of past trends give 92.3 million for 1980 while
a rsalistic appraisal of cxisting development plans are in the
tange 92-95 million representing a considerabls fall from that

envisaged by development rlans current in 1975,

II1. PRODUCTION AND TRADE

Sugsr production has responded to price movements partly
48 & resule of their reaction on rav material prices and -
output and partly in rilation to the steadily incraeasing
capital cost of nev factories. For the vorld as a vhole of
course production keeps in line with consumption, the
difference resulting in stock changes., In the early 1960¢
stocks were high at about 30 per ccnt of annual conlunptionb
but during the four years ending 1973/74 consumption increased
more rapidly tlian production and stocks fell to 19,4 per cent
of current annual consunmption. At this point s very sharp
riss in prices occurred vhich checked consumption so that
stocks increased once more and price fell to 1973 1levsls.
(see below),

In 1974/75 consunption was 3.4 per cent less than in
1973/74 and stocks rose to 23.3 per cent of current annual
consumntion, In 1975/7v production vas ajain lsrzer tnan
consuuption, stocks incrcased to 5.3 ner cent of current

consunmption and prices continued to fall,
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The proportion of sugar production entering international
trade is slowly falling; from 32.8 per cont in 1971/72 te
JO.7 per cent in 1974/75 and 27.1 per cent in 1975/76. In
total up to 1973/76 the figure for world trade hss chaagad
very little in racent ycars but there has baan somec increase
in naot trade as a rcault of imports and cxports becoming lass
balanced; 1in 1975/76 both gross and net world trade fell by
about 10 per cent,

- The structuts of nat imports in 1974/75 was for 60 per
cent to go to four countries namely U,K., U.8,A,, Japan and
the Soviet Union and for 50 per cont of exports to coma from
Cuba, Brasil, Philippines and Au;tralll all cens sugar
exporters and for this concentration to increase. Exports of
beat sugar from Westcrn Lurope are increasing although tha
araa rewaina sn increasing net importer of sugar. Im 1975/76
hovwever imports into Western Europe declinod es did exports
from Lstin Amcrica.

The supply of sugar and allied products consista of
beet sugar, cane sugar, non-centrifugal sugsr and molasscs.
Came sugar which in effect represcnts the production of
duvaloblna countrias lhas increased ovar the years relative to
baet sugar cspecislly vhen heet sugar production has been
checksd by war or depression. During the twenty yeara onding
1972/73 beet sugar accounted for about 42 per cent of supar
production falling with tue depression to AU per cent, then teo

37 per ceut in 1974/75 and risinp once more to 40 per cent in
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1975/76. 1t may be noted however that in Japan and China

vhere both cane and bLeet are grown, the share of bLeet has been
increasinj.

Production of non-captrifugal sugar currantly amounts
to ‘about ten million tons per annum considered aquivalant te
35 million tons of raw sugar. Many countries are involvad but
India accounts for about 60 pcr cent of output and Pakistan for
& further 15 per cent,

iolasses output at about 27 million tons per annum is in
step with sugar production amounting to about one third; the
proportion is somevhat lower in Europe and highar in Asia
reflecting sugar extraction rates.

In the essentially mechanical process of sugar axtraction.
the presenca of impurities in the juice affacts the amﬁmt of
sucrose which can be obtained according to tha relation:

Z Sucrose recoverable = } Sucrose available less one

half of the . of impurities in the juica.

There is hovever an increasing tendency in developed countries
to use chemical metnods to ovtain a higher additional yiald
i.a. desugarising molassas.

Tha purity of the juice is indicated by the polarimcter

according to the relations:

Polarity of jufce = % of Sucrosec in juice
Purity of juice = % of Sucrose dissolved in juice

Lrix of juice = 7 of all solids ( Sucrose Sucrose
impuritics ) dissolved in juice
Purity x rix = Polarity



The modern system of rugar manufacture in Western countries is

bascd on economiaing on materisls, fuel aud labour through v

2 AT L

capital investment. Accordingly a high degrec of extraction
is sought at the nitling stage through increasing the number
of cruslicrs; water snd indircctly fuel is saved by couater
current flow and heat is dircctly saved by using the latent

hest of steam in a succession of vacuum cvapora:dri. Where

P RS e e

sugar cane 18 locally grown, vhere labour {is chcap and where

o

bagasse is available (us {t is) fn sufficient quantiti io-thel '

£ the most inefficient use of heat these economics arc less

¥ nocossary and the systenm of production of mudified accordingly, .
K

§
IV, PRICFES AYD COSTS

The course of sugar prices - New York spot quotations in
cents per 1b for rav sugar = during the last ten years lave

been as follous:‘

1976 1975 1974 1973 1972 1971 1970 1969 1968 1967

- L ]
Jan 14.06 . 15.32 9,40 8,24 4,73 3,12 2.95 2010 1.35
Feb 13,52 33,72 21.25 9,060 V.0l 4,83 3,23 3.23 2,17 1.1
Jdar 14,92 20,50 21.27 6.3Y d.72 4.71 3. 44 3.7 1.9 1,01
Apr 14,06 24,00 21,77 90 7,22 4,01 3,02 J.76 1.84 2,10
<ay 14,54 17.38 23,65 9,67 7.00 4,35 3.75 3,78 1,98 2,5v
Jun 12,4y 13.8) 23,07 “,77 057 Gd.14 3.82 3,95 1.78 2452
Jul 13.21 17,07 25,40 9,91 5.57 4,20 3,86 3J.72 1,71 1,%0
Ay;, 9.97 18,73 31,45 9,09 0,27 4,33 3.59 3.10 1.66 1,68
Sep 8.17 15,40 34,35 9,01 7.03 3,79 3,93 3,10 1.45 1,00
Oct 9,07 14,10 39493 9420 7.40 hell J.99 J.12 1,90 2.15
Kov Te89 13,10 57,17 10,14 7,23 4,20 4,18 3,08 2,39 2,32
Dee 7.53 13.30 AA.T7 11.83 2,07 5,93 4.16 2,06 2,77 1,717
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!ron thc 1974 boom prices havs now fallen back to 1972
lnvcln. In tho neantime howevar prices gensrllly and
machinsry prices in par:icular havs continued to incrcase with
inflation so that it is now doubtful vhathcr 1nvcltnont in
luzaf pr;duction at present prié‘l is profitlblc.

It hns been stated that a minimum prics for rav sugsr of
lO cuntu per 1b (rctincd sugar 15 cents per lb) 1. necesssry
to jultity the 1nltallutioa of nsv cnpncity. In 1974 {t vas

calculntod by LVA thn: tho construction of a new int.gra:nd

plnntu:ion and sugar tnctory would involvc a cnpitnl expendi~

Mg

ture of $800 pct anoum ton of sugar of vhich about half would

S oy
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be tor the t:ccory and hnlf tor ths plantntion. An os:ilafc
. by 180 1n 1975 gave £250 million for a lnras factory producina
; 6000 tonl of sugar: per day squivnlcnt to about $300 per snnual
ton. Taklng the hishsr price which is probably more
appropriate to normal sized factories thon 8 15 per cent gross
return on capital would absorb 5 cents per 1b which suggests
that wages snd matsrials are reckoned at about 10 cents pst
1b, If this is so and if machinsry prices lLave 1n$roa|nd
still futth‘r (the larss 1ntlgrntcd plant in the Sudan now
. Jhdor construction is sstimated to cost about $1406 pir sanual
ton) thon current sugar priéon are too lowv,
It may be the case however that these vast 1n£earntld
plants are unduly expensive, The smallest ccntrifu'ul sugar

plant now operating has s capacity of only 50 tons of cane per

24 hours and the largest 26,000 tous eo that alternstive
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technolopies to those advocated by the Western multinationels
probably exist., In particular machinery is now readily
available from non=-vestern sources - India, Chine, Brazil,
Haxico and probably Cuba arc self-sufficient in this respect
vhile India is currontly constructing a plant in Kenya, China
in tali, Teiwen in Indonesia, Liberia and Gabon and Turkey in
Tunisia, It is probable that machincry for the smaller plents
can bo.obtcincd more chaeply from thcse sourcas and it ia of
course e generel rulas that the lcass sophisticated the technology
the greater the competition anmong supplicrs of machinery, One
teason for the existence of small plants is tha avaflebilicy

of canc, On the other hend it is possible as in Vencsuela to
store juice contrally for large scale processing provided tlhet
at the clarificetion stage sufficient 1ime has been added to
bring tie pli above 7 and thet the ju{ce is sufficiantly
concenttreted,

Ano;hur question arising at present is whather in view of
increesing cnpit;l costs noev corn syrup capacity should be
constructed, This is a particularly importent issue in the
casa of high fructose syrup which has the seme outluts es
liquid refined sujar with a quality dJdiscount in price at

prescnt of about 20 per cent., Recent Wev York prices quoted

by the Journal of Comtierce have bLeen as follovws:
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Refinad Corn High

czxfi;Tﬁ ceniffupsl cS:::7°a;]' ££%§§§%=
1b cwt 1b cut
Av. 1970-3 12.9 7.9 8.0 10,4 10,5 .o
1974 3.4 13.2 13,2 12.2 .. .
1975 3.4 18.0 18,1 21.0  22.4 23,1
lst half 1976 21,3 16.0 15,3  16.9 16.9 15.1

The margin between refined sugar prices and rav suger
prices rose from about 6§ cents per 1b in 1970-3 to 11 cents |
fn 1975 and has since reverted to forner levels., The pricec?
€Orn syrup as 2 percentage of refined sugar prices fell from
61 in 1970-3 ¢to 35 in 19}& and then rose to 75 in the first
half of 1976, High fructose syrup prices have been steadier
8t edbout 74 per cont nF -cfin~d sugar prices. These movenents
elearly do not reflect changes in costs of production; the
normal cost of refining is about 5 cents per 1b from rew
sujer waile hizh fruetésc uﬁould normally cost about 1} cents
per 1b more ihln stendard coran syrup,

Estiuetes of normal coléo of production involve raw
naterial prices, capital (new olant) costs and processing costs,
In tue case of susar tie rav material wiether cane or beet but
espocially the latter is in cornetition with other crops
vilercas corn requirﬁments of syrup are sunall conpared vith

other outlets., New plant capital costs are strongly




influenced iy scale. Sucrose nroduction is viually lerye
fcale at +300-400 por annual ton and syrup plant costs are in b
the sanc general aroa from $240 to %400 per tom deponding om

scale vhich sspecially affects the wot miliing process used in

il Sl SRR B s s S S S e

the production of starch, In rolation to this the capitsl

cost per ton of output of the hydrolysing proccss from starech

to glucose snd the further stage of isoncrisation from glucese

to high fructose are fairly small,

G T i GRS

The consensus apposrs to be thst the minimum ex-mill
price at which high fructose syrup can bo produced in a now
plant with corn at $3 per bushol i.e, 5 cents nct per 1b starch
§ ) fs about 10 centes per 1b, For ’but sugar sbout 8} cents per

1b nct ia terus of sugar content would have to be paid for

beet so that vitin proccssing costs ahout the eame high

fructoae l'yrup vould bs at an advantage viatever sugar prices

vere., It is alao the case that after allovin, for trsnsport

and solling charjgus current ilev York prices are too lov to

justify investuent in nev capacity in efther. They might uot

ve too lov hovever to deter some of the nore efficicnt cenc

susar producers in dovcloping countries in which case problems N

of protection ni;ht ariss.

V. RE3EAKCH

fx
g
% The current hi;n price of hydrocarbons e.g. oil and

natural as has encourajed rescarch into the poswsiblo use of
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earbohydratcs and {n particular sucrose as substitutes in
various ciaeunical processes, The manufacture of prodycts luéh
@8 surfactants plastics, adhecsives, agriculturel chemicals,
pharmaceuticals and food additives with a cerbohydrate bese has
bocn iuvescijated and a sucrose surfactant is elready in
commarciel production

A main field of research in the sugar industry Las elways
been thet relating to casymes and fermentation technology
generelly for example the production of glucose syrup from
starch (using amylase) of invort sugar (invertese) and more
recently fructose enriched syrup (isomerase). Cnsymes ere
expensive to produce ani research is currontly directed toverde
the technology of applying them economically,

At the same time the scope for enzyne chemistry is beihg
extended to include the hydrolysis for glucose production of
eellulose e.g. bagesse, the conversion by a suitable eneyme
(annylese) of crude starch conteining materials, into partielly
itydrolysed starch tius cutting out the expensive vet milling
procees and the raduction of the higher saccnerides present in
;ytupl into glucose by nmeans of other ensymcs (pullulenese)
thus producin; a richer high fructose syrup UWFS,

Researcn dirccted tovards producin~ non-toxic and more
intensive ewvcecteners uas brougit ncar to commerecial developnment
new syutiietic swecteners, somc of uigh intensitf and also
naturally occurring protein s:coteners hased on ilest Africen

plants, sore vaslc rescarch is directed tovards discoverin,




why molecules are swact and vhich part of the complex molecules

involved is rosponsible for tnae swcet taste. '
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