S
O ’

Introduetory

SUGAR MANUFACTURE
And

ANALYSIS

A thtsés presented to the department of Chemistry
in the Amerisan University of Beirut in partial fulfilment
of the requirements for the degree of Mester of Arts
in Chemistry,

June, 1944,



A
TABLE OF CONTENTS

Inw“etion ...I-.II...‘....................

PART 1

The Manufacture of Sugar
Chapter 1

Introduetion ...ccccvecccsccsccecccsns
Chapter II
Cane SUZBY .scecsvesccscsccsancccassse
The Sugar CENO ....secccesscsscsasss
lanufecture of Cane SUGAT .cecccsccs
Extraction of the juce ..cseccscccss
The purification of the juce seces.e
Concentration of the juce and
Crystallization s.cseccccee

mn& SestssnensesstaRsaRsRRRERL PN

Chapter III
he Manufactihre of Beet Sugar

The plant secececsssescscccssssccncves
The manufacturing processes s...c.sse
Washing the Beets ....ccevccaccsccss
Weighing the Beets ..ccesvcssvssccce
Beet 8licO® ,.cccceveccccrnscccccce
Extraction of the jue® seeevecccscee
Purification of the Juce® sessscevses

Chapter IV
Sugar Refining

Sugar refining process seescsscscces

~Eage
. 4

12

& 8

36
39
39
39
40
40

46



B
PART II
~Loge

The Mapufacture of Gluecose
m’ly" products of stareh ,...sccc00000000 49
m.u‘ﬁ‘.. ..o.igo..o..-..oooocoot-..-..o--...‘ 50

Manufseture Of GlUuCOSe seessessssccsssnssnes 51

PART JII

GENERAL METHODS FOR SUGAR ANALYSIS

Chapter I

Juslitative analysis
General resetions of redueing SUEATS e...eees 57
Reducing resctions of SUZATS seeccossceccessce O7
Color reactions of suger with alkslies ,..... 63
Color reactions of sugars with minéral aecids, 65
Color reactions of sugars with phenols secee. 08
Hydrazone reaction sccccscccscossccssccsscons 68
0sazZONe reaction sececscsccssscescccscoscscses 70
Reactions of the non-reducing SUGATS eccevees 71
Systematie procedure for the detestion or
jdentification of carbohydrates sececse.. 74

Chapter II
Juantitative Analysis

Physiecal methods for the quantitative deter-
mination of BUZATS ceevvccsssvsssssssanssnane ,’

Chemicel methods for the quantitative determ

mination of BUBBYS ...ccccvsccssssssscssnne

=

The guantitative determination of suerose ...



¢

Pgﬁ;
The gquantitative determination of GluooB® cesees
The quantitative determination of Fruetose ..... 93

.A.nllj'lil of mixtures of SUZETS seevssessscenvons 98
Moisture in sugar = containing products eeecee.s 96

0 o, o 0 . s




(i)

INTRODUCTION

The sugar industry eught to be one of the important
industries in the Arab countries of the Near Bast, Irag,
Syrie, and Lebenon; for the elimate is suitable for the
cultivation of sugar cane or sugar-beet; Yet, hundreds of
thousands of pounds worth of sugars and saccharine materials
are imported annually into these ecouhtries,

The following table '1' gives the guantities and value
of the imported sugars into Iraq alone during the years :
1936 - 1942

Material Imported 936 1937
| QE%EEIEF Value quentity value

‘ in tons in I, in tons in I,

Dinars, Dinars
|
| 1, Suerose
| a, In loeves comes,
| or Sugar candy 22,025 251,829 23,931 292,846
| bloecks
| b, Granulated or powder 14,885 121,205 17,828 146,203
¢, Unrefined 1 10 1 19
2, Other Sugars (Glucose
maltese, Lactose ete.] 85 855 55 985
5, Molasses 1 11 - -
4, Confectionary 461 18,449 728 30,075
5. Other Saccharine
Materials 13 606 22 1,138
_Total 593,062 491,466

*1* Foriegn Trade Statestics
Department of Customs and Excise, Ministry of !1nanno,
Government of Iraq.

-
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Imported Material 1938 1959
guantity velue Quantity value
in Tons in in Tens in
rs I,Dinars
l, Suerose

e. In lodves,cores
or blocks and

candy 24,642 334,069 23,770 341,554
b. Granulated eor

powdered 19,204 170,796 21,800 212,219
¢, Unrifined 6 Q4 1 17

2, Other Sugars
(Glueose, Maltose,

Bactose, etec.) 15 268 18 395
3. Molasses - - (4 -
L. Comeetdiemary 660 A 6%5 437 /8,708
4§, Other Saceharine
Meterials 23 1,162 52 1,922
£33,074 64,81 0
Total 508,589
Imported Meterial 1940 1941
uantity ue uan ue
In Tons in in Tons in
I.Dinars 1,Binare
l, Sucrose

a, In losves, comnes
or blocks and

candy 17,116 366,275 7,462 195,357
b Granulated or
powdered 23,8556 385,435 32,034 632,147

2¢ Other Sugars:
(Glucose, Maltose,

Lactose ete.) 23 561 29 772
3¢ Molasses - 2 - o
4,.Confectionary 203 13 ,313 66 6,826
5e Other Saecharine
materials 10 803 13 1,452

o Total 767,408 834,559
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Imported Material 1942
Quantity value
in Tons in

I.Dinars
1, Suerose
a, In lodves, canes oOr
blocks nn&
eandy 1,039 41,992
be Granulated and
powdered 15,904 385,743
¢, Unrefined 109 4,049
2, Other Sugars (Glucose
Maltose, L.otan,ota., ) 354
5, Molasses - 2
4, Confectionary 77 12,240
5, Other Saccharine
materials 16 5,057
Totel 449,437

These mentioned figuews $ldstrate the necessity of
establishing sugar faetories better than any other way

The Iraq govermment started the researeh to aseertain
the suitability of Iraq elimate and soil for the cultivation
of sugar-beet or sugar-cane, The results of the experiments
showed that sugar-beet grows sueecessfully in the morthern part
of Iraq.

When Dr.N.D. Constan suggested to the Iraql Govermment
thet %eltake up the study of sugafe manufacture for my Master
of irts degree, my Govermment welcomed the idea and I was
asked to study the methods of sugar manufacture as far as

aveilable in this University,
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The practical part of my work consisted of sugar analysis
and visits to sugar factories, Many different samples of
sacearine materials ﬁ'ﬁ" analyzed sueh as row sugar, sugar-eane,
molasses, jm:f‘ﬁu results of the analysds are not included
{n this theses #s they mean little or nothing, to the reader,
or, in view of any originelity.

I werked for two woeks inm Tripeli Sugar Factory studying
the manufacture of cane sugar

Comercial lucose was studed in the Cipa Glucese Plant ,ond
experiments in the laboratory ase made to that end,

Parts I, II of this thesis present a condensed review
of the methods of sugar manufacture and refining and the
manufacture of commereial glucose, stmessing on the theory eof
the process and explaining 1% whenever possible,

The diseription of the different types of machinary was
avoidéd except for the very gemeral type whieh was the basis
for sany further develppment,

PartIViis devoted to the gemeral methods of sugar anal~
ysis. The férst chapter, the qualitative analysis, suwmarises
the most important chemiecal reastions of sugars in general,
besides deseribing the important procedures for the gqualitative
jdentification of sugars. The methods on the gquantitative anal=
ysis of sugars described in the gsecond chapter of part IV are
only those which I used in my work.
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I wish to oxpress my thanks end gratitude to all the
personnelf of the chemistry department and especially to
pr. N.D, Constan for suggpcting the subjeet and for his
invalusble helps and suggestions for carrying out my work,
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~CHAPTER, 1o
INTRODUCTIONy

The term suger wa® originally employed end intended to
classifly .a]_.l' substances having & sweet ta'sto, and thus came to be
used 31':;‘2’;?4‘;;}% cane sugar, frult sugar, lead ascetate ( so=called
sugar of lead ) and other compounds possessing this property.

At present, in a general semse, it is reserved almost exclu=
sively to denote ecrystallized sugar from the tropical cane or the
sugar beet, which is sucrose, or cans sugaT. The commercial sugar
whether derived from the sugar cane, sugar beet, the maple tree,

the palm or some other sources, is almost pure sucrose,

History of sugar:« Etymologically, suger would seem to be
of Indian origin, the earliest from of the word seem to be "Garkara®™
in Senskrit end "Sakkara" in Prakrit hence it may be treced through
all the Aryan and Semitic languages, ss "Shakar" in Percian,

" Sukkar " in Arsbie, "Suicar” in Assyrian end Phenicien, "
ngaccharum™ in Latin, "Azucar" in Spenish and Portoguese, 2

nZachere™ in Italian, "Suere" in French, "Sucker" in German etec..

The ocultivetion of the genuine sugar cene" "Saccharum offi-
einarum® sppesrs to have been common in Indie and Chine in very
remote times, but there is no documentary evidemce on this point
earlier then Herodotus, Frequent mention of the "Sweet cane”
ocecure in the Scriptures but the plant refered to is doubtful,

An Tnédian reed yieldins honey is alluded to by Strobe and a similar
statement concerninz an Toyption reed is made by Thiophrastusj
vhile Diescorides sectually gives the neme "Saccharum” to a k§nd



of honey obtained from reeds in Arabian Felix amnd Indiaj Both he
end Pliny accurstely deseribe the product as being white and britile
and of salt like consistency,

Leter it seems to have been generally termed "Indian Salt"
emong the Greeks and the Romans, by whome it was obtained in small
quentities ak grest expense from India, and used medicinally.

The introduction of sugar cane in the Mediterranean basin
must have occurred es an early date; for i% was found growing at%
Assousn, on the Nile in upper Egypt, in 714 A.D. end was carried
into Spain by the Meors in 766 while Sicily engaged in the eulture
about 1060 te 1090, During the religicus wars of the middle ages,
the "Sweet honeyed reed" called "Zucra™ which abounded in the
mesdows sbout Tripoli, were consumed by the Erusaders; and it is
evident thet sugar making in that neighbourhood wes conduected in
o whole sale end systemetiec manner, From Cyprus and Meadeira, the
{ndustry extended, in 1500 to 1600, to most of the West Indies
where it was carried on by Spanish and Britich colonists; but
there is strong evidenmce in faver of the surpesition that several
kinds of suger camne are indigemous to both the West Inies and to
slmost the whole continent of South America.

tablis of riest- Fram the extensive grouth of

sugar in the western tropics there resulted large importation of
the rew srticle into Zurope. The intreduction of tea and coffee
about the seme time created a general and wide demand for what

hed hitherte been regarde’ ms a medicine rether tham a mutritive

article of diet. Suser refining sppears to have been gopied from



the Arebs by the Venetians,Refineriec were established in Englend
and Germeny in the 16th century, end in Hollend soon after, and
utilized the imported raw sugar,

ar from gi= Up to this time sugar derived from cane
was the only kind knoun in commerce, But in 1747, A.S,Margroff,
Director of the physical class of the Academy of Seience at Berlin,
demonstrated the existance of about 6 % of sugar in beet root and
recommended the cultivation thereof; and in 1795 Franz Carl Arehard,
Director of the physical Class at the Academy of Seience at Berlin,
suoceeded in msnufacturing beet sugar on his farm in Silefia,
Germany, aund presented loeves of refined sugar to Frederich
Willian the IIT of Prussia in 1799, and established the first beet
sugar faetory at Steinan, Germany., About 10 years later Napolion
used extrsordinary efforts to porter the production of native~
grown sugar, and grapes, plums, maize, sorghum, carrots, etc,
wore alsc experimented on. The results obtained did not excell
those from beety, and the first Fremch factory for making beet~
sugar was established at Rille, in 1810 by Crespel-Delisse, Today
Europe alone produces annually rearly 7 million tons of beet~

sugare.

Chief Saurces of Suger:= From the preceeding statements,
it mey De seen thet the worlds sugar supply 1s obtained almost

exelusively from two plants, the sugar-cane and the sugar-=beet.
Only a compsratively small quentity of palm sugar is produced,
and the small gqueontity of maple sugar made in Americe and Canada

if consumed in the rew state,



The Sugar Osne:= rgaceharum Officinarum®™ is a very large
grass; its stelk is round and pointed, Normal cene are naver
hollow, The exterior color varies with the variety, The stalk,
of the variety usually grown for suger production are of a greenish
yellow, or purple, or purplish red color, or have stripes of red
or purple and zreem, In certein varieties, the green is s0 fight

that the canec sre after spoken of as being white, The hight to
wvhich the cene grows varies greatly with tho‘geil end oclimetie con-
ditions end renge from 2 to 6,5 meters, soi:::?{:ttor hight, The
cene grovn in this country, Lebanon and Syrie, never reaches full
moturity, it etteins a hight of about 2 =« 3 meters o The Cuban

cene under fsvorable conditions reaches a hight of from 3.5 to
4 meters, The leaves of the suger cene are ribbed, emd in different
parte of the plant theer length varies from few centimeters to

2 meters, Suger oane is a tropical plsnt though it grows sueccess=
fully in subtrépic reageoms, Outside the tropies it rarely reaches
full maturity end produces seed,

Composition of Cane end Camne Juce:- The composition of the
cene is extresmely variable end is influenced by the variety,
soil, the climate, and the age of the plant, According to Dr.C.H.
Browne Jr, of the Louieisne Sugar experiment Station, the compo~
gsetion of the purple variety of Leouisiene car® ag iundicated by the
results of many anslyses 2% the time of hnriolting, in November-

December, is as follows;



Percent
Wa ter 74.5
Ash 0.5
Fiber 10,0
Nitrogenous bodies Ded

Sugars (Hke suerose,glucose,and fractose) 14,0
Fat,max,pectin (Gum) free ac!ds, combined ?
801&8, eestssssssnesceeSeBERPRRETIRnnaBlROS g‘n

Toteld 100,0

The rescticn of cene juce with litmus is elways seidie,

The preceeding analysis refers only to that part of the
cane barvested for sugar making, The unripe top joints of the
stalk are alwaye 1tftg in the fleld,

The average sucrose content in the juce of extracted in the
sugar factory in Tripoli was 16 « 17,5 % , end reducing sugers

were 0.5 %e

Coefficients used in Sugar Manufacture

For convenience and bravity, several expressiomns, or coef=
fieints, are used by suger makers and chemists in deseribing the
condition of the juce and produets at various stages of the
manufacture, These coeffecints may be difined as follows:s

Coefficient of Quotient of Purity:- The coefficient or

guotient of purity shows the relation between the suecrose and the
total solids contained in the materislj it is the percentages of
the suerose in the total solid material in the substance. In
caleulating the "apparant coefficient®, that is the coeffiodent
ordinarily employed, the total solids are determined by a Brix
hydrometer end the sucrese by the direet nolorization. In the

true

netuelly "eame cosfficient of purd ty" the total solids ere deter-

mined by ecetually drying the material,
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The 3‘&"" coefficient is used in comparative laboratory
tests and in special researches but not usually in eondueting the
menufacture, '

The apparant coefficient is meant when the word "trwe" is
not prefixed, end usually only the word "puri ty" is used to
designate this coefficient, Purities are commonly expressed with
the degree merk instead of the psrcentage sign, or both signes
are omitted.

The puri ty coefficient gives epproximate indication to the
amount of crystalizéble suerose, as every part of solid non
sucrose prevent the erystalization of one end a half part of
suerose, approximatily . S0 in a juce of purity 90, which is con-
sedered very high, there are 10 parts of solid non suerose whieh
binders the crystallizetion of 15 parts of sucrose having the
erystallizable sucrose 75 or 75/90 = 85% of the suorose present.
In a juece of purity 80 , which is considered very low, the
erystallizable sucrose is 80 [% X 1,5 ) = 63% of the sucrose
present

The purity of the juce in Tripoli Sugar Factory ranged
between 85 - 87, that is, thds crystallizable ouoru'o ranged

form 74 = 78% of suerose present,

2. Gluccse Coefficient or Glucose Ratlo :-
The glucose coefficient is the ratie of the glucose (redu-

eing sugars are termed glucose by sugar manufacturers) to the
sucrose multiplied by 100, An inerease in this coefficient foom
a stege of manufacture to snother is usually indicatime of inversion

of sucrese, This is not necessarily the cose however, since the



suerose may not be removed in like propertions in the process of

menufactuvre and the mechanical loss may not balence each othsr,

5. S0line Goefficient:e
"he sdline coefficiamt is the ratic of the percentage of

agh to that of suerose, It 1s little used in the cane sugar

industry,




MANUFACTURE OF CANE SUGAR

The veriousz stages of the marufacture of cane sugar may ‘be

briefly outlined as follows:=

1. The extresction,
2e WMilling process.

be Diffusion process.
8¢ The purificetion of the juce. That is defacaticn end
clerifieation.
3, The concentretion of the juce to & syrup.
4, The orystellization of the sugar
ge Orystallizetion in the vacum pen,
be Crystallization &t rest.
ce Supplement crystallization with motion.

6, Curine of the Sugzars=-

e. Centrifuging and washing
b, Drying or granulation of the suger

ce Formation of embes, loeves , <ic.




_EXTRACTION OF THE JUCR,

Milling nrocessi=
The oldest and the most employed method of extracting

the juce from the sugar cane is by means of mills.

The moet common formg of mill is the three roller type or
combination of three=rollers mill., Two of the rellers are on the
same level snd turn in the same direetien, The first is called
nfeed=roller™ and the second"bagasse roller”, The thurd roller is
placed shove the other two and turms in the opposite direction,

It is called "tope-roller", As & rule the rollers of the first

mill are pleced in such a way that the cene can enter easily end

is but slichtly squeezed, but the space between the tép and the
begasse roller ies so smell that only the mfll squeezed cane can
pass, snd it is here that the actusl erushing takes place, The
distance between the tdp roller and the feed~roller and between

the former and the bagasse=roller of the second mill is smaller
than those in the first, and still smaller the third one in order to
obtain maximum extraction,

The extracted juce falls from the rollers on to the hed
plete of the mill which has the form of a collecting trough with
perforated bottom, which keeps bdek the coarser particles of
cane and allows thejuece to pass,

InT%xtraetion of the juee in "Tripoli Suzar factory" two -
snd three roller mills are used ., The whole cene are introduced
inte the first mill the roller of which are provided with V shaped
teeth, which are plesced co clese togeather that the cane passing |
throwgh them are slightly sgueezed, The emerging cane is crushed
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soft and goes to the second mill, the rollers of which are quite
close togeather with small teeth shout 9 to the square inch whene
the eane are crushed further and the bagasse emerges in the fomm
of small chips,

The sugar coutent of the bagasse was sbout 5% and sometimes
went up o 6¢5%e

To extract this suger left, the bagasse is macerated with
water and recrushed, This procedure is not adopted in Tripoli
Sugar Factorv.

Usuzlly in three mills extraction the bagecse is macerated
twice, The [irst time in the second mill snd the juce from the
first and second mills go to the defacator, The second maceration
is in ths third mill and the juece obtained is used for macerstion,
iustesd of woter, in the second mill,

Maceration caen be carried with hot water insted of cold
vater but experiments shouwkd that there is no difference between
the two methods inthe extraeting power

The bagasse is used as a fuel and seldom as catile food,
end it vsvelly heve the following average composition:-

Percent
Fiber 46,5
Water 47,8
Suerose 4,5

Of course, higher or lower values may occur, depending on

the gquality of the erushing and the hardness of the cane fibers,

Diffusion Frocess
As the diffusion process is used execlusively in beet~

suzer manufacture, and only to e very limited extent in cane
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suger factories, it will ba descoribed fully in the seection on
beet=sugar industry. A brief outline of the process as apolied to
cane, however, will be given here

Tre cane is reduced to fine shreds or mateh=like fregments and
ig then introduced into a 8eries of cylendrical vessels, Hot
water at 85 Cp is imiroduced inte the Tirst vessel which contains
the exhausted cane ani them %o the secund, them the third until
it reaches the last one which contains the fresh cane, The jJuce
and cane move on the counter-current prineiples, the juce becoming
more and more concentrated by passing from one vessel to the other
and the cane becomes more end more exhausted, Wheh the cane in the
first vessel is compleily exhausted it is refilled with fresh
cane snd attached st the end so the second vessel becomes the
Tiret and so on,

Owing to the scarcity of water and the high price of fuel,
on most plantations and to the difficulty of disposing of the
resedue or exheauvsted ehips, Thés process is little used in cane
factories, From the point of view of the extraction of sugar,
however, it is an ideal process, For example, the loss in suocrose
(unextracted) by the best of mills is never less then 5% and
usually about 10% while by diffusion the less in sucrose is 0,97%

Another sdvantage i the absence of gums and pegtims end
wexes expresgdd with the juee due to the use of the heavy press -
use in milling, yet the big smounts of water used, the imability
to use the bagasse as fuel, due to the high water content, without
drying, the fimed e-opacity of the extrecting vessels which does
not permit varietions to meet the necessities which mdght de

encountered during the other stages of manufaeture, renders the

Qiffull'n procass inmnrantinel 9n asnececonmen tnduabne.
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CATION OF JU

The turbid, viseous juce from the mills is not fit to be
worked up into snanr without clarification, and the firet step
13 to submit the Juoe to such treetment ss will remove the
viscous and gummy constituent. As sucrose is very liable te
decomposition by micro~organisms, whieh results in sourness,
inversion and fermentation, and s the csne juce is very suitable
medium for their development, it is necessary to boil the juce
imnedeately; wheréby the albuminoids are mgulqm and the
further development of the mlomrganiﬁ checked. It is slso
necessary to remove all impurities, both dissolved and suspended,
go for es it is precticel without spending too much on eclarifying
agents, which mey cost more them the results are worth,

The purpose of calrifieation is, therefore, to free the
juce es quickly ag poesible from all constituents exeept suerose,
without delay , since it is only in eoncentrated solution thet
sugar is unaffected by ferments and micro~organisms,

Besides heat, which coagulates the albuminoids end kills
the germs, the 1";;0“ which has been used for clarification
from the earlist times is lime, This precepitates gummy and
albuminoid matter vhieh forms s muddy sediment, end a top layer
of seum, bitween whieh the bulk of the juce is clear and limpid,

The method of clarification may be devided into three
kindsi~ |

1, Defecation with the right smount of lime so there is
no excess lime left,
2, The juce is heavily limed end the excess lime is
nemoved by :*
as Carbon diexide,
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be Sulfer dioxide,
5, The juce is trested with sulfer dioxide and them lime
is added %o neutrality.

1. The quentity of lime used on the defocation process is just
suffieient to neutralize the free ascids of the juece, preventing
them from sfterwords causing inversion; further, the lime combines
with the albumin, which had previously been suspended in the
juce in & zelatinous feorm, dbut is new coagulated both by the
aetion of lime and heat, The acid calcium phosphates are precie
pitated as flooculant tribasic phosphate, eas well ai e part of
the pectin, All these floculant precepitates envelop the suspen=
ded particles of bagasse, wax, clay ete, and partly rise to the
surfaee and partly sink as soon as the juoe boglu_ %o boil,

The amount of lime necessary for tempering efd eseertsined
in mony ways. Some use as much lime as necessary for the juce to
give a faint alkaline resction to litmus paper, Others sscertain
in the laboratory hew meny cudbic centimeters of milk of lime are
needed to clarify eme 1iter of the juce and use that provertion
in the factery, The dest methed is to edd milk of lime in the
approximate propertion, filiter some of the juce after boiling
end edd few drops of a solution of saccharate of 11-3’ L= =
If @ precipitate is formed then too little lime was added so the |
1ime is incressed in the next dbateh, If no precipitate is formed
then either too much lime was added or just the right amount %o

make sure ef this point the mp&g of lime 18 decreased in the

*1* The solution is made by shaking 20% solution of sucrose
- with lime end filteringz the solution,
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following betches graduslly mmtil a precipitate begins %o form
on the sddition of ssocherete of lime solution then the lime is
inoreased slightly end that propertion adopted as the correct
one. ,

The milk of lime used is e 16 By suspention or 150 grm,
ealecium oxide per liter,

Owing to the varisble composition of the raw juce the
defagoted juce should be constantly tested in the laboratory for
the emount of lime sdded and changing it whenever necessery,

After the addition of lime, in the liming tanks, the limed
juce is pumped to the boiling tanks where the juce is heated
just to boiling by @ clesed steam pipes in the potton of the
tenk, When the limed juee starts to boil, the steam is shut off

snd the juce transferred to the settling tanks, usually situated
at the %Wp.of the feotory so the clear juce can be transfarpred

to the storege terks snd then to the ovupornterl_ by the action
of gravity «

In the settling tanks the heavy sedement sinks to the botiom
and the light sédments floats, It is left for some time, § =
2 iu. depending on the quality of the juce, and then is drowm

to the storage tanks through a pipe in the bottom anshﬂy

elevated 50 no sediment may be drown with the clear juces

The sediment and scum is then sent to the filBer press where
the clear filtrate is sent to the storsage tanks.
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2. Juce trested by the defocation process gtill comtains
50 meny gummy constituents that 1% 1s very defficult to filter,
end is therefore never quite clear, The manufacture of white
granulated suger demands more care and necessitates filteration
of the clarified juce as well as of the symp, and consequently
a more thorough elemination of impurities than the simple defe=
cation process permite of, Such purification is brough sbout
by alding a large excess of lime which precepitates albumin and
gummp end decomposes redusing sugers, When this action of lime
taken plage at the temperature of boiling juce the lime salts
ave dark colored, viscous, and very treublescme, but if the lime
acts upon glucose at a vemperature below 55 c: the lime s®lts
ape partly insoluble and easily removed, the remsinder being
eolorless and very olear, As soom a&s the lime has finished its
purifying sotion, the excess is removed by carbom dioxide or
sulfer dioxide, which oombines with the lime ‘o form the inselue
uble celecivm car:emate or caleoium sulfite.

By The saturation with carbon uondo' mey be affected in
one or in two pperations and according es this is dome, the
process may be distinguished by the name of single or double
carbonation, both of which have thier advantages as we shall see,

The raw juce, from the mill, is mixed with as much lime
cresm as is though necessary in large tanks provided with stirring
apparatus, and then passed throug juce heater where it is wormed
to 40 « 50 0:. From the heater; it enters the carbenation tanks
vhich are only half filled with the juee so as to allow for the
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violent frothing which sceurs during seturation with the gas,
Some times these tanks are open, but in most cases they are
covered with an iron plete, provided with a 1id permitiing
samples to0 be teken from time to time, and ellowing emtersnce

to the tank for ocleaning it. Anchimney cerries off the sscaping
gasass A coil, into which steem can be edmitted, serves for
leating the juce, and a perforated iror ceil or cross for in-
troduocing the cerbor dioxide gas, .

Age soon as the tank is half full with the heated Juce,
carbon dioxide 1is ﬁ‘ﬁi“ on cere being teken that the temperature
shall net exceed 55 Oge |

At first the carbon dioxide is completely absorbed but
the juece soon becomes thick and start to froth violently, Some
0il spraved on the surfece helps to minimize frothing, Whea the
juce becomes gelatinous the ebsorption of the gas becomes very
slow vntil it becomes liquid agein snd the sbserption becomes
more couplete until e time comes when & sample taken, the preci-
pitate settle quicklys

Up %o this point the procedure for single or double care
bonation ig similar, but this is no longer 50,

Single Cerbomationi-

In the single cerbonation the cerben dioxide is admite
ted until the juce gives a feint pink rnction‘u phenelphthalein
then "supply of the ges is slowly shut off, The juce being just
neutrals It is then heated by the steam coll to 90 Oy to decom-
pose sny oceleium bicarbonate formed, snd filtered or decanted,
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after settling.
As a rule, 1 % of lime to the weight of the juce is used
or 701iters of lime oream at 15 Bge. on 1000 liters of juce,

Double Qearbeonation:=

Tn tha doudble carhonation process the supnly of earbon
dioxide is stopned as soon as tha juce settles rapidly; 1t then
nossesses an alkalindty of 0,05 % 020,

The jnee is now filtered without heating., The filtered
alkaline juce is pmped again to the saturation tank vhich can
be filled to the tdp now as there is no more frothing, A slight
amount of lime is sdded and saturation repested up to neutrality;

then the juce is boiled to decompose amny celeium bicarbonate
which may heve formed and filtered or decanted after settling

in the double earbonation process more lime is used usuelly
1,5 % to the weight of the juce; or 100 léters cream of lime
of 15 By, %0 1000 1liters of juce,

sat 3 D (-1 5

In many ceses it 1s impossible to obtein quite neutral
juces by seturation with carbon dioxide as oither the lime or
the juce may contein svme alkeli metals, which become carbonates
and thus keep the juce alkaline after saturation. In order to
prevent this, and to obtein still grester decoloration, a third
seturetion, this time with sulfer dioxide, is sometimes used in
fectories working with double carbonation process. TO this end
the saturated juce is pumped agein into the saturation tanks,
and sulfer dioxide is edmitted to neutrality to phemelphthalein,
and remains so after being beiled, after whiech is it filtered.
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The effeet of lime on the sucrose of the juee in the cere
bonstion process is negligable as the temperature is kept low
and the heuting period is short, But its effeect on the reducing
sugars is twofold, destructive and trlnlr?rnins.

Alkslies decompose reducing sugars iﬂzl organic acid and
cthete complex substences. but as the temperature is not high
enough in the carbonation process, the reducing sugars merely

undergo sn intremelecular rearrangsment or break up into few
pieces so the primcipal products are lactic acid and saceherio
anid, the caloium salts of which are insoluble in the neutral

medivm ané arve precepitated

Do The excess of lime used for defacetion may be removed
es the inseluble calcium sulfite by usinmg suvifer dioxide insted
of carbon dioxids,

In this process execss of lime is added and the juee is not
heated but is saturated with sulfer dioxide, As caloium sulfite
is more soluble than csleium carbonate and as its solution is
alksline and not meutral therefore the saturation is done in
the cold and the sulfer dioxide gas is shut whem the juce gives
a very faint red color with phemolphthelein $

After filteration or decsmtation the juce is boiled to
coagulate the remsinder of the albuminoids,

This method is gquite 6imple and unexpensive and is superior
to the direct defacation process as the juce obtained is oclesarer
and easier to filter, yet it is very inferior to the carbonation

process regarding the quality of the sugar produced and ease of

operation.
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As the calelum sulfite 1s more granular and eassier to filter
than cslejum carbonate, some manufscturers use sulfer dioxide
along with carbem dioxide in the cerbonation process, Both geses
beingshut simul taneously as soon as the juce settles rapidly
s0 it is still elkaline, so that no denger ran exist of the
carbenate being converted into the scluble bisulfite,

5, Tn Tripoli Sugar Fectory still enother process is vsed
for defecavion and calrificetion of the juce,

The raw juce is pumped direetly after screeming foom the
mille o the tep of a tower sbout 5 meters high, end as it
trickles down it mests ean ascending current of sulfer dioxide
{cenerated by burning sulfer) . It reaches the bottom nearly
saturated with sulfer dfexide end there it is mixed with lime
oream in sueh propertion that athe limtdg juce after boiling
and settling hes a pH of 6,8 « 7.2,

The limed juce is then pumped to tanks heated by steam
coils vhere it is heeted first to boiling and is left to settle
It is then convayed te the storage tanks then to the eveporators,

The owner of the factory claims that this process gives
better quality of sugar than other processes,

ADVANZAGRS AND DEFECTS OF DIFFERENT
2ROCESSES OF CLARIFICATIONe

The advantages of earbonation over defocatédn are that
the juce is Lit%he purified and settled frem gumy constituents,
it is easier to filter, and yields a more fluid molasses,

Yot when we lime the juce oold, and before heating remove the
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excess of lime with sulfer dioxide, a great improvement in thie
direotion results, Amother considerable adventage is that the
olarification is affected in e single operation, jor wmediately
af@er seturation, the liguid is divided into a clear juce eary
to filter, end a precipitate which mettles rapidly; wherees,

in the case of defecation with or without sulfer dioxide the
precipitate settls slowly emd filters badly, whilst the elari~
fied juce is gumey end opalescent,

independent of the kind of came crushed, we can employ alike
quantity of lime for & leng time at a stretech, because if an
excese of lime hes bsen used the carbon dioxide neutralizes 1%
afterwords, while the quantity of lime required in defecation
ie very variable if canes from two different fields are crushed
togeather, and therefore one is not sure of using is in proper
quantity, which is very important point in this operation.

Owing tc the carbonated juce being Puses, brighter, and
more essily worked, the quality of the sugar is better than from
similar juece clarified by the defdcation process, '

Against thse advantages mgst be set certain drawback, the
¢hi? of which is the greater expense, becauss more lime is reqe
uired; the cost of the lime~kiln and fuel, togeather with that
of carbon diloxide pump and other plant, which inoreases the cost
price of the sugars

If we do not expect more from the carbonetion process then
a more perfect subsidation and clarification of impure juces and
do not want to make white suger, the simple carbonation process
is emply sufficient, But even them it is toe expensive besause
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ve can obtein this by hiside fhe e0ld juce heavely snd. satursting
i1t =till cold with sulfer dioxide, which is very convinient
end inexpensive process, | '

If on the other hand we want to meke sugar for direet
consumption then every thimng spPem., to cause ecloration nhonlﬁ
be avoiled, end we must have rooeura'o to the double carbonae
tion process. this requires muen lime anl carbon dioxide, end
thus causes considerable expenses but this is more than com=
pensated for by the higher m such sugar fetches when coupdeed
vith rew sugar, '

In short, we are justified in saying thét when meking
refining crystals or yoll.low sugar simple defdcation and sulfite=
tion are quite sufficient, but that the manufacture of white
sogar requires double carbonation, so that in the present stage
of ecane sugar manufacture there is no longer any scope for single
carbonation, .

Before concluding this part we should montion something
ebout the qualities of the lime used, |

It should be the purest obtainable , The following is
the maximum permicesble impureties:~ '1?

Lercent
Iron oxide and sluminivm oxide 2
Sulfer trioxide 0.2
n&gntu oxide 2
Silieca 2
Carbon dioxide 2
Molisture 2

Water and carbon dioxide through inoffensive, decreese
the affeet of a given quantity of lime, the same thing aplies for
inseluble impurities as sand and clay, So thecother has fixed
the limits of these impurities es given above. Iron oxide snd
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alurinium zive rise %o the formation of s@ale in the evaporators,
Megnisia is a very troublsome impurity in lime, when
present in eppreciaoble quantity. It discolors the juce and
retards subsidetion, so that the decanted juce always contains
mush suspended matter, which forms scales in the evaporeting
Ve338ls.e
Sulfates also seale the evaporators and should not occur
in angt apprecieble quantities in the lime used for clerifiecation,
Alkelies, on the other hand, are harmless and ocour usually, in
small proportions in lime stone, and may be tosally absent,

*1* Qene Sugar and its menmufecture by H,C,Drinson Geerlige F,160




Up to the stage now reached all the operations, the jues
undergone, have had for thier oﬁjoot the removal of the none
sagcharine matter and the clarification of the juce, This being
ageomplighad, the snefou now exists in = solution containing
about 15¢ of dry subbtances including those impurities which
clarification falled to remcve, The purpose of the next opera~
tion is, tlierefore, to convert the sucrose into a solid in order
that 1%t mey then be uparatﬂ from the impurities #till remeining
in selution in the mother liquor or molases, This is affected
by eveporating water from the Juce nntil supsr saturation
vhere the suorose will crystallize ﬁnt and can be saparated from
the molasses thus obtained in a pure state,

This removel of water by evaporstion mugt be made at
ence and without delay, as in a dilute solution the sueorose
is very liadle to decompositien by micro-organisms, which
cavse inversion and formentation, alecoholic and mcetic, and
therefore give nise to considerable loss, It is therefore necessary
%o deprive the clarified juce of the great bulk of its water as
rapidly as possible, 80 as to bring it to a condition in whiech
it is no longer liable to such decomposition & aerystalline
mass eontaining 8 « 10 percent of moisture,

Sines sucrose is liable to docomposition at high temperature
it is desirable to keep the temperature as low as possible
during evaporation and at the same time to reduce the time dwing
which it remains at that temperathmve, This is affected by boiling
the juce under reduced pressur and dy means of which its boiling
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point falls, Powerful pumps are used %o drow off the vapors
end memtain a vacuum,

The concentratien of the juce is ordimerily effeoted in
two steges, viz " eveporation ) which concentratéd the juce %o
syrup conteining sbout 50 % of solid matter, end boiling whioh
conocentratef the syrup stile further and transfers it into @
erystelline mass, conteing omly from 8 « 10 % of moisture.

The mole object of evapormtion is to concentrate the2
juce, es soon as possible, vith a mimimum vaste of steam and
gt & low temperature.

in beiling (during which the suerose firasl assumes &
erystalline form), additionel care is necessary in erdor to
obtain the maximuvm yield of erystallized sucrose inas pure @
state as possibke and in such a cendition as %o allow it to be
saparated from the mother liquer vith the mimimum leoss and trouble,

EVAPORAYEON: -

The Briz degree of the ther juce is about 25 and 1t
must be concentrated to 55 « 60 Bx, befors it can be handled
esasily in the crystallizer becouse;-

1. The jues contains too large quan¥ity of water and
requires too long a time %o Dbe efaporated in the erystallizer
or vacuum pan.

2, The juce contains a considerable quantity of subse
tances which saparste from the solution when boiled down %o a
syrupy condition and should be remeved by filteration before
concentration or otherwise they imerease the ash content of
vhite granuleted sugars



8. Concentretion ususlly increases the slkalinity of the juce
which should be corrected to the proper degree, sinee too high
alkalinity remdeves the erystallization of sucrose 4ifficulst,

T4 is for these remsons thet the juce is first concensas
tion te a syrmp, corrected for alkelinity, and filtered before
1% 18 sent up to the vaouum pan for crystelliization.

R tion of Eve Aie _
Thers are several forms of evepcrators:= one body
{simgle efiect) two~body ( doudble effectes), three=body ( triple
affects), t‘our*boﬂy (quadraple effects), five~body (quintuple
effacts),, Those evaporstors consisting of more then one body
are oalled mul tiple effects.

The most commonly used kind ie ﬁn vertical quadruple
effect which it will be described briaeffly,

The evaporator conelsts of four bodies, each body consists
of two sections of large cost=iron eylinders, The lower section
is the heaiing chamber, end the upper section is the vapor
chamber, The heeting chember is pierced through by numerous
brees tubes whiech serve as heating surface es well as for the
passage of the Juce,

The heating chambers are filled to about three quarters
full of juce end the steam turned om.

The first bedy ies heated by the exhsust steem of the
faotory ahd is regulated such that the juce in 1t boils about
104 « 105 (,, and at a pressurs of 2,5 1bs, per sq, ineh,

The vapor developed frem the juce in the first chamber
passes over to the heating chamber of the second body where it
heats the juce there sb it boils at atmospherie pressure and at

sbout 100 « 101 O,
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The vapors developed from the second body serve in hea ting
the third bedy which should boil at 85 0p and a veeuum of about
6 inches of merecury,

The fourth body is heated by the vapors developed from the
third bedy: The beiling temperature 60,0; and 23 inches of vacuum,

The low pressure jn the third body is menteined by a
oonderser vhile in the fourth body it is prodvced by a strong
airepumy end @ condenser,

The juce enters the firet body and moves to the seeond
then the third end to the fourth incressing im concentrstion
ell the time un%til it reaches the proper concentration end then
is pumped to the storege tenks,

The advantage of the multiple effect evaporators mey be
explained from the faet that 1!

-

1l Kge or atou cvnpontu 0.00 l’g. ot uhr in a l e sffect

and 1.” le "
. ReBd ® " trl.ph »
" B,90 ™ L Cedruple "
" 4,72 * " guirsuple ~

The adventage of a mulsiple effect may slso be seen from
a comparisgn of the cosl consumed in eveporating the juce
obtained from 10,000 metr, of beet '1°

luth single effect ..., 1920,7 Coal motr,
double » esss 975,0
Triple " esss 06D0,0
. quadruple " ssss 488,8
"  guintuple " ssss O98,5

The syrups is left to settle, the pH corrected te 7 by

'1' Beetesuger meking end ite chemical contrel, Mikaide P.228,



BOILINGw
During the boiling process the concentration of the elarie

fied syrup is continued up to the point where there is not
sufficient water for the sugar to remein dessolved, and it beecomes
partially orystallized.

The rapidity with which sugar orystallizes oul from a solu~
tion depends, other circumctences remsining the same, on the
purity of the solution, i,e., on whether much or little foriegn
substances are present aléng with the sugar, When the sugar
solution is feirly pure, eorysteallization takes place as soon as
the concentration has become too great for all the sugar %o
remain in solution, When an impure juce, such as molesses, is
evapors ted, crystellization takes place only very slowly, end no
crystals are visible even whem the concentration is muech greater
then corrésponds with the solubllity of suocrose.

The hot concentrated liquid is allowed to cool, and after
some time swrose orystallizes okt, partly hecuse it is less
soluble in cold water them im hot, but chiefly because the
super~saturated state slowly gives place to the normal state of
solubility,

Boiling mey there fore, be performed in two ways, oune of
wheoh is followed whem boiling syrup, end the second when boiling
molasses, '

The syrup obtained by the evaporation of the juce usually
hes a density of 55 « 60 Bx,, at 17,5 Co. and contains about
40 « 45% water, If only the matter of the further eoncentration
of the syrup were involved, it could be readily and eoconomically
sceomplished in a multiple effect, but the erystallization of the



suger must also be consedered, In modern factories, the suger
is orystallized, or greained, in e simgle effect veouum evapora<
tor, termed a vacuum pan,
Yoouum Pan,

A vaouum pen consists of cylindericsl cost-iren vessel,
lined from the inside with copper es its is less reacteme,
The vessel hes & conical bottom and a domed shape top, It is
heated by steam ooil, and hss a large opening at éhe bottom fer
diseharging the contents, An airepump snd condenser are used to
produse the low pressure 23 -« 26 inches of vaouum,
JERMS USED 1N SUGAR BOILINGe

Byrupi The clarified juce evaporated to a demsity of ll_ -
60 Bx,,

Greajn: The sugar orystals in the -ul;‘outo. this word is
slso used as a verb, teo indicate the process of
forming the eryssals,

Exoof: That stage of the process whem the liquor has been
concentrated to a state of suger saturation with
sugar.

Beiling %o Graini The beiling of strike in whieh the
suger is erystallized in the vacuum pen,

Beiling Blank, or to string Proefi The beiling of a strike
in vhich the orystallization of the suger is left
to subsequent eperation,

Magseguite; The thick mixture of the sugar erystels and
the mether liquorj alse, where strikes are boiled
blank or to string preef, the heavy meterial ready
for subsequent orystallization of the sugar, is



called massecuite, The word is =lco, fer convine-
ienee, opplied t0 the material in the pan at all
stages of the process, The massacuite, are numbered
serially, according to their origin, beginaing with
that frem syrup, whieh is called first massecuite,

Mixed Mass@cuite: A masseculte formed partly of syrup end
partly of mokasses, The molassed is said the
"boiled in" ,

Strise of Sugar or Magsaecuite:- The completed massecuite
from & boiling is called a strike and the operation
in called "boiling e strike of sugar or massacuite™,
The word strike is akso applied, in the same way,
to molasses,

utt= The part of the strike that is left in the pan as
a nueleus on which %o boil another strike, This
is used also as & verd, lMany sugar makers use the
word cut to indicate the portion of the strike that
remeved from the pan,

Final lolasges:= The liquid residue from which more sugar
cannot be profitably extraoted,

ETHODS OF SUGAR EO
B gt=

The syrup is evaporated wAtdl it bedomss aupor-nfmtod
and deposlits tiny erystals of suerose, When this stage is reasched
fresh syepp is admitted gradually and ‘onporat:lon econtinued so
that the sugar in the syrup edded deposits on the erystals alrea~
dy formed, This process is continued until the crystals grow to
the esize required, In the latter stages of the boiling the supply
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of fresh syrup iz stopped and Wwe contents of the pan evaporated
#0 the finsl mess@cuite has au avarage water onntent of 7%,

The heating is then stopped, and air edmitted to normel
pressure end the contents are discharged to be cured,
Qut Strikes:~

Vhen a cut strike is to be boiled, & part of the massacuite
from a previous strike is 1eft in the pan, and e cmystals teke
the place of the grain that otherwice heve to be formed, Thin
method produces a very large-grained sugar,

lank strikes or Crystallization a% Rest:

In svear boiling the termes "string strikes", "smooth
strikee”, end "fellied strikes" have practically the same meaning
@ blank strikes, In boiling the blank strikes, the molasses are
first heeted 10 dissolve the fine erystals it ususlly eontains,
It is then drewn into the pen end concentrated under s high «-

e vecuum as can be obtained with the spparatus, The evaporation
is usunlly stopped when e test sample held between the thumb

end a finger produces a strong thread when these digits ere
saparated, The teat im often made by pouring the test sample
from the proof strik and no¥iag the appearancs of the "string®,
when it bresks, The strikes boiled % a "string proof™ are run
into small sugar wagons or into large tanks and are placed in

a hot~room and are allowed to remain there for a week or more at
e temperature of about 358°Ce, this time depends on the purity of
the molassese This method is termed "erystellization at rest"

to destinguish it from the more modern method of "erystallizatien
at motlon" which will be described later,
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The products made from blank strikes are termed "molasses
sugars™, These sugars huwe a low polariscopic test, whioch
ususlly ranges from 867 - ’0° Ve« Two grades of molasses sugers
are usually made, namely seconds and thirds, The third sugar is
boiled ss the close of one grinding seaon and left until the
biginning of the next or far a period of 2 to 3 months, before

centrifuging,

Crystallizabtion in Mobtion
Mis method does not increase the yield of orystallized

sugar but produces more uniform erystels in a shorted time
than when employing crystallization at rest.

The crystallizer is a horizantal eylendrical tenk with
an inlet and outlet doors end ie provided with e spirasl stirrews,

The blank strike arfter boiling is #un into the erystellizer
and is stirred slowly end con%inueusly till no more sugar
depogite on the crystals,

Crystallizetion in motimn is used when boiling molesses
with massecuites using the erystals of the lest a nuclie,
After boiling to the proper concentration the strike is run
into the crystallizer and is stirred vwhile it cools gradually,
The suger in the molasses deposit on the crystels alreedy
present, as the motion keeps the crystels in contect with all
the different parts of the solution, So by this method the
production of new small crystals, celled ~false grain, is
avoided as their presence offers many défficulties afgerwords
as they clog the holes in the centrifugeal sieve and prevent the
compleat ssparation of the crystals from the mother liquer,

apart form the loss in sugar as theese timy crystals connot be



gaparated asnd utilized,

To sum up, the crystallizatioa processes, we oan say that

generally, the pperations follow the sequence:s

1,

4o

Grained strike where the puresi sugar is produced by
using pure syrup throughout the whole erystallization,
Greined strike too, but here melasses are added towords
the end of the boiling end the produet is pure sugar toce.
Thés procedure is adopted umtil the purity eof the
resul ting molasses fells from about 70 te 50,

The cut strikes are wmployed only in sphelal ocases
where lerge sugar erystels are desived.

Blank strikes and crystellization in motion are emp*
loyed to extract the last emounts of erystallizabde
sugar fpom the molassds resulting from previous opere
ation, The yield is brown sugar polorizing 65 « 90V,,
and i2 used in suger refineries, The exhesusied molasaes

have » purity of about 28,




CURING

The eperations now to be described have for their odject
the medhanical seperation of massecuite inte erystallized sugar
end molssses, It is evident that the most advantegeous way to
affeet this saparation is that in which the meximm of crystallie
zed sugar is obtained at once as first product, because of
poptions of 1% become again mixed with the molasses, they can
only be recovered efter much trouble and expence (and mot even
than entirely ) in the less valuable after products, It has
been proved that the curing 1s most easily affected, amd with
e minimum of less, when the suzar erystals are well developed,

nA
;thar mother~liguor luwpid and free from so=called "f@}se™ grain,

aration of Suser Fro Tups

The ssparetioh of smgars from syrup i3 sccomplished by
oontrbq;tng the messacuite in o oontoﬁrugnl maghiney o The mechine
is simply e shori, wide brass eylinder with perforated walls
lined from the inside with a fine brass sereen in order to keep
the orystals from passing dbut of the cylinder, It is suspended
by means of a steel rod from the Lottom and is enclosed in a
cast-iron shell, It is usually driven by means of a belt at a
speed of 1200 repems In operating the centrifuge, it is filled
with massacuite about one third full end set in motieon, where=~
upon the eentrifugal force will drive the mass aginst the walle
of the machine and force the syrup out through the pores in
the serean, while the sugar erystels remain clinging te the immer
sufface of the seream, The last trace of syrup adhering %o the
erystals is worked off by sphinkling water while the machine is
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st1ll in motion, The syrup produced by washing is called "“wash
syrup™, Vash syrup is diluted te about 60 Bx,, filtered and
used for bollinz white sugar mixed with thick syrup.

nd bBa of r

When the washing is completed, the suger 1s dumped into
a t"rough situreted directly below the centrifuge, The sugar in
ﬁot"rough is forworded by means of a soroll to one end of iaa
t"rough where it is transfarred by means of a bucket elevator, up
to a suger storage box located oa the upper floor, The sforage
box is provided with a ropper which dirscis the sugar into a
sugar drying machine called & "granulater™, i granulator 1ls
simply a large, long eylinder made of sheet-iron supported on
e series of rollerewheels, inclining toword the outlet end, (st
the bottom) ani rotated by means of e wheel gear, The intirior
of the grenulator is heated by & steam pipe passing through the
center of the evliinder throughout the intire lenth, At the emdlet
end, a brass soreen is attached to the cylinder so that any
lumps of supgar mey be kept from going into the bagging room.
The sugar is admitted from the storage box at sueh a rate that
the sugar comming out from the graasulator is perfeectly dry,
The sugar is then received in the bagging room where it is
weighed and bageed, ready for transportation,

n " t

Wwhen the sugar is quite centrifuged and washed, it 1s
sometimes blued in order to neutralize the last trases of yellow
color, Sometimes a suspenssion of ultramarine blue in water is

drawn into the vecuum pan at the graiming point in order that



the neucleus of each erystals may contein sufficient blue to
neutralize the vellowish tint of eorystals when fully grown, In
other cmses, a little of A M&t+¥le dilute suspenssion is poured
into the centrifuge after the wash water is separated, The
finely divided vltremarine blue remains betwsen the orystals
importing teo them @ bluish tint which pleeses the eye of the
purchaser, Some employ amiline blue or indenthreme but ultrae
marine is the most universel dye for white sugar im refineries,
as aleo in factories where white sugar is mede directly from cane
guce,
Bump Sugar

Instead of sugar in loese oryaféln, some factorees make
sugar in lumps, resumbling the lump sugar of the refineriss,

This class of suzar is made Trom fine grénod magsecuites,
intended for white suger sand cused as usual, The moist white
suger is mixed with pure syrup and treated in special cenirifuges,
having smell boxes attached to the interior of the drums, the
bottom of which eonsists of the ceamtrifuge geuze, The mixture
of erystals end syrup fills the boxes, the syrup escapes, and
the sugar is hested with wet steam, which osuses the crystels
to stick togeather in & hard lump, As scon as the syrup eseap+*
ing s oolcrloﬁ, the sugar is discharged in the form of sQuare
white lumps which now only need drying,

In the same way slabfs of sugar mey be made which are

out into cubes by means of an automatic soisors,
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The several verieties of suar-beets now known have bheen
derived by selecting roots that possessed valuable sugar produe
eing qualities, All the varieties ere similar to those of ihe
commen garden beet, or"Bete Vulgaris®,

The mest favorable climste conditioen for the sugar-beet
are found where the mean summe> tempsrature is 70’ Foo
I% requires sn abundance of sunshine for its proper development
a8 a saurce of sugar,

The cuestion of rain-fall is slse of great importance,
Summer-rains are very desireble, but heavy aAutumn rains, especiae
lly folleowing e dry summer, are extremely ucfavorable to the suge
ar contcut of the beet, Laie reains cevee e second growth of the
plant et the expence of the sugar, Cold winter without altermate
frezing and thawws are desirsbie for the proper keeping of the
roots in storage preparstory te the manufacture

A typieal beet, so far as the shepe is concerned, is shown
in Fig. 1. This beet is large and topering, with only a small
neck, or crown end with broed, spreading foliage., These condie
tions of sheape facilitates harvesting, The long top root pemnetra=
tes the soil deeply in search of moisturej the spreading leaves
shade the adjacent seil, thus conserving the moisture end preven=
ting the frowth of weeds; and the small neck, vhich must be removed
in harvesting, results in 1little washe,
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Beets weighing more them 3 pounds are ususlly of inferior
quality, but this depends more or less on the variety of seed,
the suitability of the soil end the method of cultivetion, Ae

a general rule, however, the larger beets are poorer in quelity,
so far as the sugar content is concerned, than the smaller or

medium sized ones,

Compositiea of the sugar heet,

The sugaer beet usually contains from 3 to § pereent, or
more ol "marc" or matter that is insoluble in water, As a rule,
oply two sugers, sucrose and ruffinose are present in the nature
beet, though it may contain invert sugar, which is alweys found
in the iLmmeture roct,

The fellowing table 'l' gives the percentage compositéen of
there variciies of sugar beet;

French GCerman Czecoslovakia

Variety Variety Varlety -

Percentage of sucrose 17,0 16,7 18,3
Density of the juce in Bx, 21,3 20.5 22,1
Percentage of reduecing

sugars in the Juce 0.26 0,29 0.24
Percentages ash in 100 ce. 0,80 0,71 0,61
Apparent purity 87,10 86,60 858410
Period of zrowth in days 183 175 212

In addition % sucrose, raffinose and ohlorophyl, the beet
eontaing a large variety of compounds namely:
Organic acids, Oxalie, Formic, Citric, Melonio, Suceinie, Aeonilie
Tricarpallicylic, oxioitrie, msleic, and tartaric essids,
tro s b it Beteine, esparagine, glutamine, iw
leucine, legumine, tyrosine, xemthine, guanine, hypoxanthine,



edenine, and coniferine.

Von-Nitrogenous bodies: Leciihine, and peetose,

Miner:zl constituants! Selts of potassivm, sodium,

rubidiuam, vanedium, calcium, magnesium, iron and manganese.

The bsses are combined with hydrochlorie, sulfurie, phos-
phorie, nitric and eilicic acids, and the organic acids named in
the preceding list,

Faffinose is present in small quantities and scoummlates in
the molagses, This sugar forms needle chsped orystals and is not
injurious in the manufecture, _

The greatest concentration of sugarhgmbeet root is around
the middle snd is ebout 17%, tha %top contains about 14% end the
end about 15%,

*1' The establishment of Suzed industry in Iraq.
The MiBistdy ‘¢of TFRonomics Baghdad, 1941,

The sixth beaflet of the Departmant of Industrial Researeh,




The various stages of the manufacture of beet sugar may
be outlined as follows:~
l. VWashing the beets
£. Weizghing the beets
Je Blicing the beets
4, Exteacting the juce by the diffussion proecess
5. Furification of the juce
6, Concentration of the juce te a syrup
7. Crystellization of the suger
;: gytgglﬁggg?og‘gt rest
¢, Supplemental crystallization with motion

8. Curing the supgar,

Wa the DPeets

On receiving the beets in the factery they are carried up
from the first fleor into a beet washing machine by means of
@ spiral 1lift, called a "Deet Seroll" , The beet washer is sime
ply & rectangular tank provided with paddles attached to a shaft
which agitates and forwords the bLeets from one end of the washer
to the other, On reaching the further end of the washer, the
beets are lifted by means of @ wider paddle end theown into a
bukkets elevator called " Beet Elevater", which carries the beets
up to the upper most floor of the factory building,

Weighing the Beets:
On erriving at the tép of the elevator, the buckets emp-

ty the beets inte an automatic seale, The automatic secale is
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usually so srranged as to weigh 1000 1bs, in one weighing,
When filled with the required quentity of beets, the somie
automatically closes the bottom of the hopper end empties beets
inte erother hopper wiich directs them into the beet glicing

machine,

Be iger

AL vhe presant time the diffusion process has replaced all
others in the emtraction of the Juce from bests. The first stép
in this process, afier the beets have been thoroughly washed
and eleaned, is %o cut the roots inte thin slices termed,
#gogsettes”, and it 18 of great importance that these be of
uniform thickuess. T™e cessettes are usually 1:8 inch thick
aund 538 inch wide.

A beat sllices consisis of @ cylinder for holding the beets
and a eireular disk providsd with about 20 rectangular openings
towords the rtm Tor receiving knife=holders,, Knife~hnlders arve
rectangular fremes exactly fit in the openings. The knif¥es are
fizxed on the holders by meaus of balis. The knives blades are
of such a form that the cossette has a V sheped cross=section,
The beets are piled in the cylinder and press on the knives by
their own weizht end as the disk which holds the khives is
revolved, the beets are sliced and received cn & belt eenveyor
called & "Cossette Comveyor™" and are sent to the diffusion

batteries,

gtruoﬂog Of The Jugce

The juce was formarly extracted from the beets by means of

hydrsulic press, This methed, however, has been entirely rep~
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1sced by the diffusion process, Thds process was deviSed by
Jules Robert, in Franee, and recsived its first practiecal
epplieation in Austria,

The extrsetion of the juce from beet: depends on the
phenomenon kuown &8 nsmogis! or "Diolysis" , Beet roots consisis
of a great mmber of cells, These celis are nlongated their
dismeter vaerylng from 0,014 wam, to 0,022mm, and their lensht
from 0,054 mm, to 0,089 ma, the cell walls are porous and
consist malnly of cellulose and pectine matter, The substances
diesolved in the cell-sep, can be devided into two kinds
according te cryetallizsbillty and deffusability through a
membrane; the first kind is the crystalloids and the second the
colloids, The former pass through a membrens more readily than
the latter, Sugsr and ssalts belong to the erystalloidsy albumins
to the colleids,

If we surround beet slices composed of a gre~t number of
ecells, vhose contents are all nearly alike, with waterj ~an
sater~ohenge of weter and soluble mstter will take place, First
between the surrounding water snd the outermost row of cells,
wnen the compositions of the contents of the first row of cells
becomes different frem thet of the second row, thea the soluble
part in the second row pass to the firsi row and to the water,
end so on from the different rows untll the composition of the
surroundi ng water becomes like the composition of the cells 80D
efger diffusion, thea RO more diffusion takes place as equilibr=-
jum is esteblished, For this reason beets are sliced into thin
slices so thet Bhis stage of equilibrium is guiekly established,
There are, however, in sliced beets, about 6.4 % of torm and
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bushed cells, The contents of such cells ere simply washed eway,
Tewpereture is sn important factor in the proecess of diffue
sion, Althongh its inflvence veries asccording to differsent substane
cés, & higher tempersture alweays causes mor or less rapid diffue
sion, The diffusion of sugsr from beet chips does not take place
in celd wetsr but begines at 50 C. The following explenation hes
been offered for the necesgity of heating diffushon water: the
outer cell wall is liwed from the ingide by s leyer of protoplasm
which resembles the cellulose well in structure although 1t d#ffers
in chemiesl composition, The protoplasm wall is wuch finer and the
sugar molecules are too large to pass easily through 1%, Heating
kills the protoplesm end changes the structure compleatly and it
beeomes full of holes so it will no more hinder the passage of
sugar molecules, The temperature of the diffusion juce should be
reised to a point just emough to soften the cossets end not to
coock them, so to speak, as this will render the cosnettes too
soft anﬁ eause them to lie one on another, closeing the soreen
at the bottom of the diffuse, and obstruoting the cerculation of
the juce, ‘nother objection to teo high temperature iz that it
causes more non=sugers t» be diffused and mekes the process of

orystellization more diffecult,

A suitable temperature for the diffusion process varies
accorfing to the qualty of the beets; usually it is kept within
the limits between 78 and 85 C, vhen the beets are sound and the

purity of the juce is high, the tempersture . . - - ~ ==
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may be Rept as high as permissible, When the bests are unsound,
thet is, fermented, unripe, or frozen, the temperature mus? be
kept at the lower iimis,
Biffusion spparatus,

The apparetus employed today for the axtraction of the
juce from beets is oalled a " Diffusiun Battery " consisting
of seversl niffusers, The bdtteries commonly used consists of
10,12, or 14 diffusors, 4 usual farm of a diffusor ¢s a eylinder
ending with cones, spd provided with powsrful govers, The
Jower cone end cover are linsd with sereens so that the cossettes
mey not pesgout of the diffusore The lower cover i3 opened or
closed by mesns of hydrolic press—use; after being closed, 1%
ie held up tight by meens of a lateh, Each diffusor is provided
with 8 heating chember celled e ™ Celorisator ¥, and eseh
diffusor is provided with weter pipes, valves for admitting wate

water or juce or drowing weter or juee,

In bigianing the work, the first diffusor 1s filled with
fresh cossettes, and then warm waber is poged imto it through
the pipe at the hottom, while air sand geses are vented}k by
means of a cock im the cover, Whilie the first diffuser is being
filled with water, the segond is receiving cossettes, and s0 On,
When the first diffusor is rilled with water, or as it may now
be termed, juce, this juoe is paessed through the heater of the
first dérfusor into the heater of the second diffusor and inte
the second diffusory and when this is filled the juee is passed
to the third Aiffuser snd so oan, When nine cells of a battery,
mede up of twelve cells, have been filled, @24 measured quantity’
of juce is drown from the last, the cérculation of the liquid
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iz being mentuined by psssing air or water into the first
édiffusor of the series,

After drewing & quantity of juu' frem the ninth cell,
the first diffuser is out out of the series and is emptied,
Ueuelly 2l1ll the diffusers but three are in operation at the
same time, After outting off the firset diffuser, a new one,
filled with fresh cossettes is attached last and the seoond
diffusor takes the plaee of the first and so on, the cossettes
in each diffusor remein in oontlgt with the diffusion juee of
various densities for an -nng:":ét about 1 hour and 20 minutes,
or longer, the concentration of the juece increases from diffusdr
to aiffveor, that of the first vessel contains only a small
fraction of a percent of sucrose, snd the juce of the last cell
hes 8 density of ebout fourefifthe that of the normal Jjuce,
Under favorable working corditions; the exhausted cossettes
contain from Ul %O J,85 % of sucrose, in terms of the weight

ef" the bests,

FURIFICATION OF THE JUCE
Straining or Depzlping, the Juce

As 5t is drawn from the diffusion battery, the juee

containg large guantities of minute fragments of beet pulp.
These must be removed prior to the clarifiestion, simce the
Pectin bodies wokld be decomposed, and at least in paet, be
rendered soluble, The straining or depulping a'ﬁi accompl ished
by filtering the juce by a fime metal screen or perforated
metel sheat,

From now on, that is, the clarification, concentration,
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orystallization, and ouring of the jgce and sugar ere exaegtly

as descerihbed in the chapter on cane-sugayr manufaeture,

+hbtt bt




¢ HAP, IV
SUGAR _ REFINING.

The sesond and third grede suger i,e, sugar produced
from wired molasses end from molesses alone, ir not fit for
direck consumpiion and should undergo refining to be converted

into white sugar,

The important point in suger refining is the bleaching
of the syrup, made by didéolving the raw sugsr, by decolorizing
eharcosl end the subsecuent erystellizetion of the pure syrup
produced.,

Jf the suger is not very impure, then proper wosking will
remove the coating of impurities snd leave the pure orystals
behind,

Sugar Refining Frocess:
The een‘rimgsl sugar is mixed with syrup in a "Magma "

Mechine" so as to form e magma of about the comsistency of
messeeuite, The syrup softens the coating of umpurities on
the erystals and prdpares them for washing in the centrifuge,
The erystals ere theroughly washed in the centrifuge and the
resulting sugsr is very Might -tra;:";'alor and of a poloriscope
test of sbout 99 V,

If pure sugar is derived, this washed sugar is dissolved
in the melters forming e solution eontaining about 50 % of
sugar, The melted sugar is limed to slight alkalinity in the
blow up tanks, end then sufficient phosphoric acid is added %o

combine with the lime, After thoroughly blowing up the syrup with
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steam and skimming 1%, 1t is filtered usually threugh beg
filters.

The mesh weter and the syrup of the magms is pumped %o
'a sepsrate blow up tanks es this syrup eonteins most of the
lmpurities,. '

Yrom the bag rutore,i,*ls conveyed to a o¥ear filter,
yhere it is pessed uwnder pressure through decolorizing chareoal,
The resulting colorless liquor is boiled in vecuum pans and
the erystals are cured in the centrifuge as usual, The molasses
produced are boild again end when the sugar produced is no
more pure, it is Sreated again as wes desoribed in the beginuing

of the process, i,e., melted blown ~ up and decolorized etee..s

o o A







Hydrolysis Froducts Of Sterch:

Starch is a highly condensed herole carbohydrate of the
formula ( CgH,o0s )" , eonsigting of spproximately 100
anliydride croups which cean be regolved by suitable hydrolytiec
agents into ss many equivalents cf dsxtrase, provided the
hydrolysis is sufficiently prolonged, Dilute acids will nroduce
ecomplete hydrolysis, the rate depending on the kind of escid
and varienz aspproximetly as the concentration, but inereases
rapidly with rise of tempsrature.

The profess of hyd_rolysh, or conversion of stareh
menifiste itself by characteristie chemiesl and phy#ionl changee.
The thiok starch paste loses 1ts colloidsl nature and becones
more limpid, the oconcentration of the solution inereases, and
the solution becomes distinctly sweeter in taste.

If tested with & very dilute aguecus solution of iodine
the deep blue =2.9» givem by the original starch past changes
es the hydrolysis proceede, pessing into violet then to a rose
red which in turn changes to a reddish brown which grows

1ighter and lightsr until Justidbefore complete hydrolysis it
digappears altogeather, A few drops lrh@_s solution poured
into alcohol gives a copious white proi,‘:pitato during the
the early stages of conversionj as the hydrolysis continues
the amount of precipitate becomes less until it disappeers

pear the end,



Clucose.

The term " glucose " as used to define this prodget
rmigt not be confused with dextrose or the pure granulated
mono~saccharide, but has referremnce to 2 spacisl commereial
gyrup whichis always sold under this name, The name " corn =«
syrup " , vhioch has been sugeestod fits better, as is the
German " gtarkezucker Sirop." It is a thick, viseid syruv,
practically colorless end clear, or of light ember tint, and
is the product of partial hydrolysie of starch , Its composition
varies somevhat but the average preduct hes b epecific rotation
about 140: with & Fehling reducing velue of about 47% that of
dextross,

The above corresponds to a composition peculiarly well
adspted to the commercial requirements of glucose which are}
that it be nractically " neutral " (flavorless) eweet syrup,
unerystallizable when highly concentrated end capzble of
forming unorystalllizeable mixtures with ceane sugar when the
latter is added in large proportions, The syrup must also be
capable of beins refined so that it is practically colorless,
This properties are achived by hrvdrolysimg stareh only se far
that at lesst 25 % of dextrin still remains s such, If less
dextrin is present the produet tends %o éwu“nlu when highly
econcentrated snd it will not prevent the " graiming " of its
rixture with cane=sugar, If more dextrin is present the
preduct will be less sweet and looks cloudy due %o the l.ui
soluble dexirine
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¥aaufac of 088

A suspension of starch in water, having & density of
about 20 B4, is mixed with am meid, hydrochlorie or sulfurie
are the most generally used acids, the proportion of the acid
is from 3 = 5 % on the basis of the dry sterch,

The mixvure is then led into a converter 1.6, & vessel
gapabls of withstaniing internal pressurre to sbout 6 dtmos~
pheres, The nmixture is heated by indirect stesm in coils and is
boiled undsr otmospheric pressure for about 10 minutes and then
tha convertor &s closed and the pressure raised to about
2 otmospheres i,es 50 1bs/ing , A test cemple is drown from
time %o time end tested with iodine, when the iodine gives omly
a feint brown eclor, in sbout 30 minutes,the steam is shut and
the prossure releesed quickly so that the escaping geses will
carry eny emell due to the hydrolysis of zlulines always present
in the starch useé in the mshufacture of glucose, The bateh is
nexet ccoled snd the scid newtralized by using sodium carbonate
if the escid vwsed was hydrochleriec or caleium sarbonate if
sulfurie acid was used,

The impurites which saperats in the neutral solution are
filtered off in a filter press ani the resulting eclear liguid
is eoncentraited im under reduweed pressure to ad a density of
82 Be,

On concentrating the solution the dissolved csleium sulfate
become less and less soluble and saparates out, this is rilterd
off and the thin syrup is sent to be decolorized,.

The decolorizetion is affected wither by mixing the worm
syrup with 2 % of decolorizing charcoal stirred and them filtered
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or e filsered through char~filters as wes discribed in the
pagt desline with suzar rifining ( Part I Chap, IV )

The ecolerless sypup is next concentrated to the final
coneentration usually 420302 in & vacuum pen, The resul ting
syrup must be olear and colorless and shows no orystalliatioh

on stending,

I made many trials to prepdse glucose from stapgh and
guite & number of them were successful,

The first difficulty I met with was the eonverior, I
used a pressure cooker instead but as the meximum pressure
reached im, it was 20 1b/ing &bd I hed no means of drawing
test samples to follow the progess of hydrolysisj I tried
different batches and heating for different times I started from
2 hrs, and decressed the time 10 minutes at & time,

Next case Thc question ot‘”;oid to be used, I nad to use
a higher proportdon so as to affect conversion in a reasonabdle
short time dus to the low pressure,as inereasing the time of
heating resulted in a bitter almest black mass,

For thses ressons the use of hydrochloric acid wass

umpractical because of the relstively high concentration of
sodium chloride, in the final product, in fect the samples
prepared in this way had a stronger ufy taste than sweet,
S0 the acid used was sulfurie acid snd the best proportion used
was found by experience %o be 7 ce, of the cone, H,80, for
every % kg, starch and the amount of water was 24 1%,

in- mizture was boiled under otmospherie pressure for



10 mins, the starch was mixed with part of the water to form
p thin paste end was added to the boiling scidulated water at
such a tete that bolling d4id not stop in order to prevent
lump formation,

The mixture in a copper kettle, was mext put in the
pressure cooker snd heated to the maximm pressure obtained
i.8, 20 1b, /ini « "The Tirst t-ime the hesmting wes kept for
2 hrs, ot the highest pressure and the result wag 2 blaeck
bitter solution, Then on decrsesing the time of heating, the
right period of heeting wae 30 miney after the pressure reaches
the 20 1b, mark,

Caloium carbonate was used for neutramlization snd neo
aiffienltiss wore met in filteration ms the precepitate was
floculant and setiled quite repidly,

The decoloration was affected in two steges, the first
direetly after neutralization end filtration end 1% of "Dareo”
was used ot e wﬁ:bout 80 - 40 ¢ end the mixture wes stirred
for |fs hr, and then filtered, this gave a precticelly water clear
and celorless solution, |

Concentration was made in en ordinery round bottom 2 1it,
pyrex flask and the vacuum wes obtained by the use of an
ordinary suction pump whioh geve a vecuum, even more than
necessary, which ceused the solution to boil between 40’ = 45 ¢

The volume of the syrup was reduced from about 2§ 1it, %o
1 14t, end was mixed with 1% of "Dareo® end kept worm for # hr,
and then filtered with suction, this removed the dark yellow
color end the precipitated caleium sulfate, The resulting syrup

6
f 8
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yo8 nexh concentrated again %o final valume of about 400 oo,
woieh save & very vale yellow and elear syrup of a density
about 40 Be

The eerlisr samples, which were hydrolyzed for a period
of 1 hr, showed erystallizstion of standing and in a monthes 2
time *he whole became one solid mass of glucose hydrate which
were dried in e dessieator and pulverized, with diffieently, %o

e nowdar,

LA
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CHAPTZ Y 1

Jualetative Analvsic,

Probably no other class of organic eompounds givec such
a variety of reaction or form so large a nupbcr of chemieal
deriratives oo ghe sugars, Owing to the great extent Bf the
field only the most important reactions will be mentioned here,
For convinience in identification, sugars will be
classified under two general groups;
l. Redueing Sugars
2. Nomn=-reducing sugars
The redueing sugars are distinguished by the fact that
they form a precipitate of cuprods oxide when heated with
alkeline Féhling solution while the nonereducing sugars do
not form a precipitate or form it to s very slight extent and
after prolenged boiling, The reducing sugars ecomstitute by
for théd largest group., The mono-saccharides and many of thier
doriutivu reduce fehling solution, Mest of the diseccharides
ineluding moltose and lactose exhibit this property. The best®
known mnreducing sugars are sucrose, n:l disaecharide, snd

reffinose, snd trisaccharide,
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GENERAL REACTIONS OF REDUCING SUGARS

The zenersl tests for reueing sugers may be devided, for
convience, into the following general groups of reactions,
T. Redueing reaetion with solutions of metallie
salts or of organie ecompound,
I1. Oolor resctions with alkalies, aecids, phenols,
and other organiec ecompounds,
111, Hydrozone and osazone reactions with phenyl~
hydrozine end its substituted derivatives.,

IV. Miscelanious reactions .

1. Redueing resctions of Bugars:
The simple sugers and certain of the disaccharides ¥

heve the property of reducing alkaline gsolutions of many metallic
celte such as those of copper, silver, mercury and bismuth,
Thés reaction which is common to most aldehydes is due to the
reduetion of the metallic base and precipitating it in the
form of the suboxide or the metallic form,

In the simplest case the aldehyde groups is owidized
to the carboxyl group.

If an sleochol group is also present further oxidation
converts i1t irto the carbonyl end further into the earboxyl as
in glycol aldehyde

Hg = COH TOOH + OAg + H.O
| + 2Ag,0 =-=¥
HC = O Cc

Thie ogidation, in the odse of the higher mono-saceharides,
is usually attended by breaking down of the carbon chein as
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by the oxidation of glueese in ammonicaf silver solution.
CeHsa0s + 9Age0 == 5 ( COOF ) » ¢ 1BAg + 3H,O0

The reaction between sugars and alkaline gsalts of metals
as carried out, gives rise to a number of monobasic and dibasioe
acids ( formie, oxalic, ete. ) in varying proportions aceording
to the conditions of the egperiment, It is not possible,
therefore, to express the reaction by chemical equations in
a very gemeral way.

The most common of the alkaline salt solutions employed
in testing sugars are those of coppir. The sulfates end acetates
of copper are the salts most generally used, and sugar litera-
tures is filled with modificetions for making the tests, Only
a few of the important solutiohs will be desceribed here,

Fehling's Copper Solution:=
This is the moyé common chemical reagent employed in

testing sugars, As ordinarily prepared, the reagent consists
of two solutions; soluthon 'A' containing 34,64 grms, CuSO4e
5HeO, in 500 cc, water end 'B' containigg 173 grms, ochelle
selts and 50 grms; sodium hydroxide in 500 cc., water

By mixing equal volume of A and B, end boiling it with
e suger solutions a brick-red precipitate of cuprous oxide
forms if redueing sugers are present, The intensity of coloration
and amognt of precepitate is proportional to the emount of
sugar present, The test is sensitive to about 0,01 mg., of
glucose per 1.CC..

When solutions A and B are mixed and cuprde hydroxide is

formed which ferms a complex with the hydroxy acid present thus
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by the oxidation of glueese in amnonical silver solutien,
CoHsnOs ¢ 9AGg0 ==» 5 ( COOE ) o ¢ 18Ag + 5H,0

The reaction between sugars and alkaline salts of metals
as carried out, gives rise to a number of monobasic and dibasie
acids ( formie, oxalic, ete, ) in varying proportions according
to the conditions of the edperiment, It is not possible,
therefore, to express the reaction by chemical equations in
a very gemeral way.

The most comnmon of the alkaline salt solutions employed
{n testing sugars are those of copper, The sulfates eand acetates
of copper are the salts most generally used, and suger litera~=
tures is filled with modifications for making the tests, Only
a few of the impertant solutiohs will be described here,

t t=-

This is the moyé common chemical reagent employed in
testing sugars, As ordinarily prepared, the resgent consists
of two solutions; soluthon *A' containing 34.64 grms. CusSO4e
SH,0, in 500 cec, water and *B' gontainipg 173 grms, [Kochelle
selts end 50 grms; sodium hydroxide in 500 ec., water

By mixing equal volume of A and B, and poiling it with
e sugar solutions a brick-red precipitate of cuprous oxide
forms if redueing sugars are present, The i{ntensity of coloration
and amognt of precepitate is proportional to tho‘ amount of
sugar present, The test is sensitive to about 0,01 mg. of
glucose per 1l.cC..

When solutions A end B are mixed and cuprie hydroxide ie
formed which forms a complex with the hydroxy acid present thus



59

decreasinz the concentration of the cupric ionc helow the

requirements of the Ksp for cuprie~hviroxide, When the solution

is boildd with a reducing suger the free cupric ions are removed
COanseEs

in the form of the imsoluble cuprous oxide which eomes the
complek to furnish more free cupric lons and so on,

700!& ?OONI
HC=0 __
l + GO(OH)g ====> l Gu + &8HgO0
COONa COONa
Products obta by heati reduc suzars with Fehling's soln

The chemical reactions which take place in the oxidation
of sugars by means of Fehling's solution is exceedingly comp=
lex., Nef 'l' who made the first systematioc stamdees in this
rfield, found that in le~arabinose the oxidation proceeds aléns
three saparate lines

1, From 10 to 26 % are oxidized to form pentonie acids
G.H‘.O. ¢ 0 == OQH‘.O.

2, From 55 to 45 % of sugars are oxidized to form
and
formie,K trioxybutyrie acid.

ch‘ ols + 20 ==» HCOOH + CqHg Os

3, From 30 to 38 % of sugars are oxidized to form
formie and glycolic aecids.

053‘ .05 + 350 *=> HCOOH + 20,54,0.



With the hexese sugers, d=-glucoce, demannose, and d-fruc=
tpse, Mef obtained analogous reactions =.Tith:*f’m'mation of carbonic
formie, glyeolis, glyceris, triexybutyrie, and hexonie epdd, The
formation of all these produects has been explained on the
basis of the faet that the reducing sugars are not stable in
alkealine solutions, but underge molecular rearrangement and
are partly broken up inte compounds with shorter carbon chain,
The cupric oxide in Fehling's solutions oxidizes the resction
products, with the formation of the scids named ebove, The
primery effect of alkalies on sugars will be deseribed more
fully later.

Benedicts' Copper Selution
Instead of the sulfate~ sartrate, solutions of other

copper solutions have been employed in testing for sugaer,

Benedicts' reagant is '2' prepared by dinolvingx'us £me
of sodium citrate and 100 gm. of anhydrous sodium ecarbonate
in about 800 ce, of water and 17.3 gms, CuS04.5He0 in about
100 ce. water and making the volume %o 1 lit, The solution have
an sdviatege over Fehling's solution and not being reduced bV
ereatine, oreatinine, urie acid, or simlar substance so it is
especially addpted rm'?;uting of urine.

Badfords' Selution 4

The reagent contains 13,35 gms. erystalline cuprrie

acetate ( neutral ) in 200 cc, water end 5 ce, of 38 % acetie
acid, Mono-saccharides only reduce this solution but not
disac g such as lactose
'1' Anm, 357, 214, 312, ( 1907 )

2
3v J. Pid, Gnem.'S, 455 ( 1009 ) Samson J,Am.chem, Soc. 61,
2389 ( 1839 )

*3¢ Per,, 15, 1656, ( 1232 )j 16, 921 ( 1883 )
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Tollyfn's sSilver Selution

The most semsitive ot metallie = salt solutions for
detecting sugers is ammonisal silver solution, first employed
by Tollens and hence usually known ae Tollens reagent, This:
is prepared by dissolving ome part of silver nitrate in 10 parts
of water; a second solution is then made conteining, one part
sodium hydroxide in 10 parts of water,

Before making the test equal parts of the twe solutions
ere mized and then emmonia is added drop by dsop until the
srecepitate of silver oxide is completely dessolved, . solution
containing one part glucose in 1000 parts of water will csuse
o strong reduction of Tollen's reagent in the cold, a mirror
o¢ silver beimg deposited within § minutesi A solution eontai
ninc one part glucose per 100,000 parts water also produce a
perceptible redustion in the ¢old but the solution should be
kept for 1 to 2 days.

Tollén's silver reagent is also reduced by all aldehydes;
1t iz affected not only by the sugars whieh reduce Fehling's
solution but also by suorase, raffinose, and all @ther soluble
carbohydrates.

gEven the aleohol derevatives of the sugers produve
reduction, glycerol, for example, causing the formation of
a silver mirror, the poaducers with whieh emmonical silver
solutémn is reduced by solubke organic non=sugars., has proved
a serious objection against the use of this reacent in ordenary

enslytical work,

'g¢ J,Biol, Chem, §, 485( 1909;); 7.:3;: %.n-.cn-.Soo;ex,zsav
'8¢ Ber., 15, 1655 ( 1882 ); 16, 921 ( 1883 ).
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Among the reagmmts used for detecting sugars on the basis
of tﬁin reducing effect, are alse included a number of organie
compounds,

Pieric acid testj Picrie meid CgHg(NO,)y.0H, is reduced
to smine~nitro=phenol CgHg (NO,)eNH,0H, whish has a deep red
color., The reaction first observed by Boun '4' has been wicely
used for detecting sugars in boiler feed water, The water sample
is bejled with few drops of hydrechloric aeid to invert the
gucrose and 2 to 3 drops of an alocoholis solution of pierie
acid is added, The reaction gives posetive results at a sugar
concentration of 1:5000,

0-Dinitrobenzene test, This is carried out as follows
according to Bose '56', One drop of 1 % solution of the reagent
in slcohol is mixed with 2 oe, of 254 solution of sedium car-
honate and 1 ec, of the sugar lOlﬂtiO?_il added, Upon heating
the mixture for 15 to 20 secs, a deep violet color appears which
fedes gredually, The reaction is very sensitive, permitting the
deteetion of 6 parts per 1,000,000 of glucose, fructose, galae~
tose, mannose, and lactose or 3 parts per 1,000,000 of arabinose,.
Won reincines sugars do not give the test.

Other nitro compounds such as m-dinitrobenzene, m-onb-
nitro bfnzaldehyde and dinitro selicylie aeid, give simler

reactions,

'4' 7, emal, Chem, 4, 185 ( 1865-)
'5* 7, anal, Chem, 87, 110 ( 1952 ).



Ae a second general reaction of redueing sugars may be
mentioned certaim color effects which pearly all solubdd
carbohydrates give when, brought into contsct with different
reagents, The reagents employed may be devided into three groups:

a. Alkalies
b, Concentrated mineral acids,
¢, Phenols and other orgaine eompounds,

All reducing sugars have the property of eoloring solutions
of the hydroxides of alkalies and alkaline earths metals yellow,
the spplecations of heats darkens the ecolor to brown, The
oxmet nature of the coloring metter formed is not understeod,
considerable oxygen is absorbed during the resction, and various
produets of an acid nature are among the substahoces formed,

Products Obtai i $:

Lactic aseid is produced in econsiderable amount by
the action of alkslies on mahy reducing sugare such as xylose,
arsbénoses, zlucose and fractose, The presence of saledum lactate
in ceitain sugsr-cane molasses is explained by the action of
an excess of lime during clarificaticn upon the reducing sugars
of the juce. th, acetic, and oxalic acid have also been found,

Nef '6' has developed a theory explaingng the formmsion
of these various reaction products. It is baced on the suggestion
eriginally advanced by Webe and Neuberg, that sugars may react
as enediols,

The alkalie causes a splitting of the ring, the aldehyde
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or keto form is prodvced and the enediols ere formed by the
mégration of hydrogen atoms, B« glucose, forinstence, may form
the following three isomers:

0H,0H = CHOH = CHOH = CHOH ~ COH = CHOH(1,2 enediol)
OH,OH = CHOH = CHOH = COH = COH = OH,OH ( 2,3 enediol )
CH,OH = CHOH = COH = COH = CHOH = CHgOH ( 3,4 enediol )

Inorease iu the slkali eoncentration shifts the equilie
brium from the 1,2 enediol towerd the 3,4 enediol,

These reactime substances undorgo further trensformation .
in various ways, such as!

1. % ) t .

When the enediols split at the double bond they form
the cerresponding aldehydes. The resul ting ponto-n.. tetioses |
and trioses may form again the enediol, split further into
corresponding aldehydes, In the presence of an oxidizing egent
thie form the corresponding aecid, This is the cause of the
reduction of Fehlin's solution and other veldted reagants,

2. Shifting of e hyirogen atom:
By the shifting of the hydrogen atom of glucose
1,2 enediol, it may change into either Pructose or mannose &s
all the three sugars have the same spatial confeguration in
the last four carbon atoms counting the carbon atom of the
earbonyl group of glucose as No. 1,
The setion of alkalies on reduecing disaccharides is the
£ iols alth the reactions
'6* Ann, 376, 1 = 119 ( 1910 )



folleinz that are much more complecated but yeb theygive the
sldehyde groups by bresking at the double bend whiech reduces
Fehling's solutien,

Golor Reactions of Sugars with Mineral Aelds

Treatment of solutions of sugars with consentrated
minersl acids gives rise to a number of deeomposition products
w7ith s development of a eolor the intensity of which depend on
the kind or sugar, the consentration of the aeid used and the
semperature, By heating a sugar solution with concentrated
hydrochleoric or sulfuric acid a browmn golor develops whiech is
due to the formation of an insoluble so=called humus substances
of reletively high carbon content ( C = 62 « 67 % and H e 3,5 =
4,5 % ) the percentage carbon and depth of eolor inereasing on
the concentrations of the acid used.

In addition #0 the insoluble humus, & number of soluble
and volatile compounds are produced, such as formic acid,
levulinks aeid, furfural, methyl furfural, hydroxymethyl <
furjural, end a number of dextrin like condensation or reversion
products,

The kotoqcn are much more easily decomposed by strong
mineral acids than oldoses, and their solutions give rize to
ecolor reactions with correspondingly greater M. This
offers a mean of distinguishing between ketoses and eldoses
or detecting ketoses in the presence of aldoses.

If concentrated sulfurie acid is added to a eold solution
of a sugar in a test tube so that the aeid will flow on the

gides of the test tube and form & layer at the bottom, a rose~



color to brown ring is produced as the jumetion if the solution
containe a ketese such as fructose or sorbose of if the sugar
gives rise to & ketose on hydrolysis such as, suerose, raffinose
or imulin, "ith glucose, l2ctose, maltose end the aldoses in
gzeneral the color will develop only gslowly or not at all

As 4f a few of the sugar crystals are placed on a wad of
sshestos moistened with concentrated hydroehlorie aeid in a
test tuba, %he erystals will be colored violet in a short time
if the sugar is a ketose or gives a ketose on hydralysis.
ilthough the latter sugars give the test a little mere slowly.
1ldoses develop only a Right yellow color in 2 %o 3 hours,

ole £ Ph

The most distinctive color reactions of the sugars are
those obtained by treatment with different phenols in the
presence of concentrated gulfurie or hydrochloric acid, The
development of coler in this case is due to the formation of
condensation prodects between the phenol derivatives and the
decemposition products obtained from the sugars, particularly
furfurel end its derivetives, «~Naphthol, thymol, resoreinol,
orcinol, maphtharesorcsneol, phleroglucinol, eresol, and lysol are
emong *he wore important phemelio compounds used for making
golor reactions with sugers, A typie=l example of the eonden=
sation product ed$ between furfural and the phenols is diea~
naphthefurylmetheane, CesHye0s, wrich was obtained by Bredereck
from a~nsphthol end furfural. It is collrless, but dissolved in
eoncentrated sulfuric seid with e deep violet color,

The celor resotions with the phenols are performed in
various ways, the test with a=naphthol, uoliseh test, for example,
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whieh is perhaps used more frequently than any of the others,

iz mede as follows: 1 to 2 ce. of the sugar solution is heated
in a test tube with 1 to 2 drops of 10 to 20 percent alecoholie
gsolution of s-naphthel , A few cubie centimeters of concentrated
sulfuric scid are them ecarfully edded so as to flow dotm the
walls of the tube to the bottom.

If sugars containing a ketone group are present a violet
rinz will form fustantly as the junction of the two liquidsy in
the presence of aldoses & gentle warming of the test tube is
usually nodouiry to bring out the full intensity of the eolor,
The xenaphthol test, which is of extreme deliceey is frequently
employed in sugar houses anl refineries in testing the econdene
sation water form the vacuum pefs for presence of suerose los%
by entrainment,

The test with phenols and hydroechloric acid are usually
made by werming a few eubic centimeters of the sugar solution
with e selution of the phenol in econcentrated hydrochloric aecid.
the coloration thus obtained are usually very brllient, varying
in tent from & bright red w e bluish vielet, The colors
foruwed are not permanent, howevef, they rapidly darken end the
elear colored solution soon becomes turbid with the precepitation
of a dark colored ocondensation product,

Glacial acetie scid may be also used instead of hydrechlorie
acid to dissolve the phenols employed in these tesis. Under
these conditions the solution remain clear end can be used dires=

tly for spectroscopie examination or for colorimetrie compepison,



In meny sespects the most impodtant of the quali-

tative tests for sugars are those obtained with phenyl hydrazine
and its substituted derevatives, Phenylhydrszine was introduced
es a reagent in sugar chemistry by Emilp risphor ty? in 18844

1t has becn of immerse serviece not only as a means of saparation
and identification but also in first opening a way %o e thorough
inderstanding of the molecular constitution of sugar.

Hydrezone Reaction: The reaction with phenylhydrazine is
limeted to such sugars as comtain a free esarbonyl group and
proceed two phases with the production of two entirely different
olasses of compounds, The first phade of the reaction is common
%o ell sldehydes and ketones the oxygen of %he carbonyl group
combining with the two atoms of hydrogen of the amine group
i{n the phenylhydrazine with the formation of a group of eompounds
called hydragones, '

The hydrazone reaction is sarried out dy treating the sugar
solution in the cold with a solution of phenylhydrazine in
ailute scetic scid,, Os the suger solutioh may betmated with
erystals of phomhyluzino-hnrochloruo with some solid
sodium acetate, After the above trestment the hydrazone of the
sugars will saparate sooner or later as welledefined erystalline
gcompounds, the length of time for separation depending upon the
solubility of the hydrazone formed. The phenylhydrazone of
mennose, for example, being very inmsoluble, will saperate
aomost immediately, those of ketoses sush as fructose, and



rhamnese also deposit readily; the hhenylhydrazone of glucose

on the other hand, being very soludle in water, mey require

1 or 2 daye for its précepitation, By filtering off the hydrazones
as they are fomrm, & gsaparation of the sugars in mixtures may
oftem be acomplished,

In plece of phenyl hydrazine any of its substituted
dorevatives may be used Seor the purpose of precepitating sugars.
The substituied prynylhydrezines yield in many cases charaoter~
istie hydrazones with sugars and their use in sugar chemistry
nas been of greater ssrviece, Of the various subatituted phenyle
hydrazines the following are smong the most wmportant,

Methyl, Ethyl, Amyl, Allyl, Phemyl, Benzyl, p-Bromo and
p=liitre phenylhydrazines and Nephthylhydrazine,

The reactions with the substituted phenylhydrazines are
usuelly carried out in elcoholic solutions, the hydrazones
formed beimg for the most part much less soluble than those of
ordinary phenylhydrezine, A table of mel ting points will then
identify the hydrazone of the sugar,

The suger can be regemerated and saparated from the
hydrazone either by treatment with goncentrated hydrochlorie
acid, es employed Py Fisher, whewe the hydrazone is changed into
phynylhydrazine hydrochloride, whieh is unsoluble in eoncentrated
hydroechloric aeid, and the sugar is set free.

The other method is by refluxing the hydrazone a 50%
alecholie solution of the hydrazone with an aldehyde. Benzeldehyvie
is used with phenylhydrazones end formaldehvde with the substitu=
twd hydrazones, The hydrezones of the aldehydes being wnsoluble
are d b & i io

'7' Ber, 17, 579 ( 1884 ),
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Asazone Reaction:
While the hydrezone resction is of pro':-untat value in the

isoletion of sugars, the asazene test with phenylhydrezine is
usually of more qualitative significance owing to the greater
insolubility of the osazone in water and the consequent greater
rapidity and ease of ihe,la saparation as ocomplsed with the
hydrazones,

The reaction is carried out by heating in e boiling water
both a selution of the sugear with excess of phenylhydrazine,
end acetic mcid.first the hydrazone is formed then the hydrexyl
group of thef?urbon athh is oxidized inte 2 carbomnyl group on
the expen8e of one molecule of phenyl hydrazine which is reduced
to aniline end ammonia, A third molecule of phunyl hydrezine then
reects with the new carbonyl group to fomm the osazone,

The time of formation of the osazone, crystal strueture,
and melting point are used to identify the sugar

One of the important limitations of the use of the
osazones in identifying sugars is that, whith sugars which
deffer only in the spaciel arrangement of the first two earbon-
atoms such as deglucese, d-fructose and d-mannose, will yield
identical osazones

Methylphenylhydrazine forms osazenes readily with ketenes
but not with sldoses so it will partly help in eleminating
the sbove mentioned limitstion of used along with phemylhyirezine,



The comparatively smell number of sugars whieh do not
reduce Fehlinz's seolution all belong to the higher di~trie and
tetras saccherides and ineclude sucrose, difruetose anhydride,
raffinose and other rase sugars, some of them not completely
studied yet, The soluble polysascharides such as, dextrin,
inulin, nnqklyoogon, although not classified es sugars, are
somatimes included, for convinience, in the group of non reducing
suzars,

A free aldehyde or ketone group, to which the redueing
sugar owe thin peculiar resctivity, is lacking in the non-
reducing sugers so they do not reduce Fehling's solutéan and
the related raaglnthhot feom hydrazones and 0sazZones or react
with diiuto elkaline or show other resctions typical of redueing
sugars,

The non-reducing sugares give mshy of the color reactions
with phenols, Bt as previously expleined these reactions are
not given by the nonereducing sugars as such, but by the
redueing sugars derived from them due to the hydrelytie metion of
the aeid used in making the reaction,

some of the special tests which may be used to deteet
the most commonly encommtered non-reducing sugar, sueross, are
described here:

_Baybin's Test '8!
If 40 to 50 mg., of sucrose are dissolved in few
oubie centimeters of 0,05 N sodium hydrexide solution, is shaken
at aboutid 16)lo in a stoppered test tube with 7 to 10 mg, of

diezourasil, until the latter dées dissolves , a blue-zreen
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color developes in few minutes. In the presence of soluble mag=
nesium salt end stable blue precepitate forms,
This teet i3 not given by glucose, fruetese, or most other
sugars, bub by sugars characterized by the fructoferanocse~
glucose ﬂikage such as r#ffincse,

Pietet S Pietet '9' observed that a mixture
of cold, saturated solutions of suerose and of copper sulfate

in water, after standing for several hours, deposits nilﬁ-oopio
needlies Bf & jouble salt Gy Hae04,0 CUSO,.,4H,0, This resction
is not given by any of the other common pentoses, hexoses, di end
triesaccharides or by the synthetie suorose isomers, But in
mixtures, et least 10 % of suerose must be present to produce
& positive test,

chl 8' Test for 8 e sence of er r

This is based on the faect that reducing sugars are deste

royed by boiling with milk of lime, and do not give the usual
suger reactions efter this treatment, 20 oec, of the solution to
be tested containing not over 2 % of total sugsr is mixed in
a test tube with 2 oc, of 10 % milk of lime snd the tube is
placed in beijing water bath for 10 « 12 minutes. The tube is

PiPetted

now ventrifuged, the supernatant liquid precepiteted off and
tested with naphthel or thymol, If the celor reaction connot be
readily seem because of the yellow tint of the treated sugar

solution, a dichromate filter is used for the observation,
fhis

8% J.Am,Chem. Soe, 55, 2603 ( 1933 )’ 59, 1402 ( 1937 ),
*9' Helv, chems Aota, 16, 144 { 1933 ),
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the a=naphthol test is carried out, in a besker filled with a
0,256 to 0,5 % solution of petassiym dichremate to 'i‘-".i-“-"‘ the color
of the treated suger solution, Under thses conditions a positive
test for sucrose may be obtained at a conecentration of 0,001 %
Raffinose and reversiom produets of reducing sugers also give
this test, alse commercial glucose which always contain reversion
produets, The test is therefore spesific ofly in the absence

of these other carborhydrates.,
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SYSTEVATIC PROCEDURE FOT THE DETACTION OR IDENTIFICATION
OF __ CARBO

Ian ordef to facilitate the identification of earbohyidrates
which the chemist mey emeounter, various schemes for e systematie
procedure have been developed, The identifieation Ray be based
on chemical reaction, on fermentation with yeast, fungl, or
bacteria, or on the eff¥ct produced by enzym#s, The example

given hers is based on chemical reactions.

Identification b cal Reae¢

Dehn Jeckson and Ballard *10' heve compiled a table of
chemical reagents used for the detection of carbohydrates and
another table showihg the tests givem with theme resgents by
a number of carbohydrates. These are reproduced in tebles 1, and
TI, The meaning of the nguro::’hgns in table II are explained
under "Rewerks” in teble I, and that of the abbreviations in
a footnote helow table II,

10" 1Ind, Enge Ghon.. A.Illl. ld.. ‘. 413 ( 1932 )o
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Fehling's reagent, (1) solution of 36,44 g, CuSo,,.5Hg0 in
water diluted to 500 cc, (2) solution of 125 gr. NoH and

173 g, of sodlum potassium tartrate in water diluted to 500 ce,
Usually called Neoor's test,

Prepare solutdons (a) 10 gr. of NiSO,,7H0 in 1000 ce, of

HeO and (b) 4,8 gr. of K 8,0, and 6 gr, of KOH in 1000 ce,
HeO.Use equal parts end let stand, Black Ni 0y precepitates,
Carbohvaruted decolorize this,

With varied times and temperatires, carbohydrates give ehanging
colors. A check with a known carbohydrate and revealing and
disirable, Perhaps in these reactions, formoldehyde is split
off, becauss color closely follows Xobert's test for codiene

ete,




*morrel *x festum ‘um f3erroa‘s fesox ‘x fpex 'y fevdand ‘g
fefusio ‘a0 fueex? ‘p {Lazeus'wyy fumoxq‘zm fentq'tg fxoewrq'Nm tZequV smy ISUOTIETATIQQY

‘ L

+ - nmn..+mnn¢¢|elmt||onEl&ou¢u-u§.ﬂ.
¥ -us R

« -~ ¥ m .H O * > & 2 9 .H‘Mms...ﬁ‘.g - 4 & o = 'Hmi =

Y m
= ¥ I8 %> 4 & -8 3T 6.0 ¢ .+ *WI s -
e * 840 ¥ 8§ - D ¥ - 9 § 8 B O % - +d) o
ad
0.&&.@9”'”“.““““%#"0
|E|‘ - + + P+ o -
0+unmummm¢ + +
Ohh.'.l.ﬂb.w .-.|H0
B - - g7 R
2048 s i & B
l.l|l|ﬂ - = -

- o Jd = @ = * L &
® o I H = e - - =
A x & &4 0 3§ TN




79

LCHAPTER II
SUANTITATIVE ANALYSIS,

The methods used for the gquanti tative determination of sugar
fall in two different groups:

le Physicel methods.
2. Chemical methods,

Fh 1 _meti.ed the itativ ’ 4 rs:

There sre meny methods in use which depend on the physieal
properties of sugars and sugar solutions,, xuch as specifie-gravity,
viseosity, optieal sctivisy, ete, '

Of these, the methods based on the opticel wetivity of sugar
soluthons are by far the most impodtant, in accurecy and in the
seope of application,

A1l sugers are optically active due to the presence of un=
symmetrical earbon atoms in the molecule, and the degree to whieh
the plane polorized light is rotated in a sugar solution depends,
other factors remaining the same, on the kind of sugar and the
concentration of the solution,.

The polorizing power of sugars is axpressed as specific-
rotation, or speecific rotary power, by which is ment the calculated
angular rotatiom whiechb a solution, conteining the mass of 1 gr.
asetive substance in a volume of 1 ce, and is polorized in a tube
1 dem, long, gives to the plane of poleorized light, The speecific -
rotation ( @ }, can easily be celeulated from the angular rotation
'l'cftombyluuortho equation:

‘I , - ‘

} :l !
In which ¢ i3 tiue eccnsentration of the substense ( grammes msss in
100 ce, of solution ) and 1 the ltngth of the observation tusin deem,



As the angular rotation depends on the temperature and on
the wave~length of the light used, so the standerd is set at
20 ¢ and the 1ight of sodium ( the line D in the spectrum ) so
the specifiec rotation is written as:

20
(«) = _100 a
D ex 1

The follewing table '1' gives the specifie rotations of

some of the coumon sugars:

) 4
20
Sugar {a)
2

Arabinose + 104,65
Xylose + 19,0
Rhmmose + B,56
Galactose + 80,5
Glueose + B=2.,0
Fructose - 92,5
Invert Sugar - 20,0
Suerose + 66,5
Lactose + 5'.‘
Maltose + 138,56
Raffinose + 104.,4

The above formula for the specifiec rotetion cam be modified
in the follewing ways

20
(o] D '-%9-;"111—

Vhere p is parts by whight of the substance in 100 parts

by weight of solution snd 4 is the dpnniw of the solution,

Shlving the about equatiom for p we get

P =
exdx _

mhun-un sémple way to ealeulate the pereentage of
a sugar ia its solution ( in the absense of other optically setive
substances) h".“. knowing the angular rotation of the given solutiom,



the speeific rotation of the suger, the density of the solutdon
and the lemgth of the observation tube,

The following fermules '1) are given for caleulating the
concentration ( grms, per 100 ce, ) of different sugars from
the anguler rotation ( ¢) in a 2 - dem, tube

1. Arsbinose e = 0,4785 a
2, Xylose ¢ = 2,6316 a
. Glucose e = 0,9470 a
44 Tructose ¢ » 0,5405 & ( left degrees )
e Galactose ¢ = 0,6173 -
64 Suerose ¢ = 00,7519 &
7« WNalyodrp ¢ » 0,5623 »
8¢ Lactose e = 0,9824 a
9, Eaffinose ¢ = 0,4785 &

The different kinds of phlarimeters are adopted to the
examinetion if ell optically mctive substances; in suger chemistry
however, a modified form of a polarimetsr, ocalled a Saccharimeter,
is used, For comvinience the scale of the saccherimeter instead
of expressing angulsr rotation is replaced by ome graduatad
aseccording %o percentage.

Owing to the wany difficulties and ineconviniences conneeted
with the use of sodium or other monochromatic light in practieal
l.rk. the French physiset Soliel was led in 1.845 to deviee a
means by which erdinary light or lamplight cemld be used for
neasuring the optical rotation for sugar solutions, This invemtion
known as the " Quna'qme. Compensator”, is the characteristie
feature of most saccharimeters,

In the quartz-wedge saccharimeter, the polorizer and the
analyzer are both stationsry; the rotation of the sugsr solution

P W

8l* Sugar anslyesis. Browne and Zerhan, P, 265
' Sugar, anal, B, amd Z, P, 295,



the solution and analyser until the rotation of the wedge system
at a ecertain thickmess exactly neutralizes or compensates the
rotation of the suger solution, By means of a scale &ttached %o
the gquartz wedge the rotation of the sugar in solutiom is measured
in percentage,

The selection of guartz for compensation is based upon
the faet that 1t hes slmost exactly the seme rotation dispersion
as cane sugarj i.e,, & section of guartz emd came sugar solution
of equal rotation for light of one wavelength will have very
nearly equal rotation for light of all other wave lengths. The
small disturbances due to the slight difference in rotation
dispersion hetween cane suger and quartz are ellimineated by &
dichromate jilter

r £ o imeter:

The 100 point of a saccharimeter scale is ususlly based
upon tho rotathon of s difinite weight ( the sowcalled mormal
weight ) of chemieslly pure sucrose dissclved in water to 100 mm.
at a specific tewperature and pelorized at the same temperature
in a 200 - mm, tube,

The greatest confusion has prcn&od in ssecharimetey in
the past and unfortunately still prevails, mot only to the size
of the normsl weisht of suger to be taken for a specified seals,
but also as to the eonditions of volume and temperature under
which its nommel weight is to be polorized,

Erench Sugar Scale:
The 100 point of the sugar secale employed upon sacchrimeters
of French manufacture was originpally based upon the rotation in



sodium 1light of a plate of dextrarotary quartz 1 mm, thieck eut
exaetly perpendvcular to the optieal axis,

Owing either to mistskes of polorimetrie measurements or
to defeets in the quartz ( threough natural imperfeetion or
nistake in eutting ), the rotation of the 1 mm, plate has been
bBiven defferent values from time to time, the result ranging
from + 20,98 to 22,67 aend the normsl weight of sucrose for
such & saccharimeter frem 16,000 grm, to 16,471 grm.

The value accepted now is 16,29 grnm,

Ve Ge r S¢

The sugar scale most gernerally used outside of France and
the one impleved upen all German ssccharimeters is that of Wentzke,
This scale ss originally devieed by Ventzke, was based upon the
rotation of a solution econtaining 25 % of suerose By weight but
this was Yater changed to that of a solution of 1,1 Wp.gr. 17.500
nead in a tube 2354 mm, long, It was found later that it is ineon=
vien#ent to base the normal welight upon the sp. gr. of a solutdon
end the amount of sugat contained in this solution was sdopted
as the normal weight, This weight was determined to be 26,048 gnm,
veighdd in air with drass seales and dissolved at 17.5°¢C %o
100 ece . The length of the tube was reduced tc 200 mm,

With the introduction of the Mohr oubic centimeter ( the
volume of 1 grm, of water at 17.5° C weighed in the air with brass
weights ), the mormal weight wes recalculated to be 25,9872 grm.

The standard based on the Mohr cubic centimeter was abondened
later and the temperatures changed %o n°o and this necessiated
the reculculation of the lnlnl weight and the new volue was
found to be 26,0082 gms., which was changed Iater to 28,0000 gr,



and was ealled the Bates~jacobson scale,
The adopted morme)l weight for the Ventzke scale now is
26,026 grm.

The Bidecimal Sugar Scale,
In 1896, it was proposed to adopt a so-called intermational

sugar scale, hased upon the normsl weight of 30 3!.; Among the
aduantages prouposed for sueh a scale are:

1, 7t is a compromise between the French and the
Cerman seales,

A 2. Caleulations are simplified by use of decimal

weighte,

3,. Alignotes of 50, 26, 20, 10, end 5 oe, of the
100 ec, solution contain even grem gquentithes,

4, The normel weight, its fraction, and its multiples
are always availeble in ome-piece unit,

The seccharimeter used in this university has such & scale
and its normal weight is difined as " 20 gm, of pure sucrose
dtssolvad £ 300 ml, of solution and polorized in a 200 mm, tube
at 20°Ce

Tae following table "1' gives the normal weight to Ventzke
scale for various sugarss

——RERT Normal wet,
Suerose 26,026 gr,
Gilucose 32,3989 gr.
Fructose 18,416 gr.
Invert Sugar 86,333 gr.
Lactose ( + HgO ) 32,972 ar.
Ihltou 12,528 gr.

,0‘.0) 16,574 gr.

latﬁuu 14,062 (L3 4




For the Bates~Jacoebsoa soale with the normal weight of sue«
rose as 28,000 gr, the above volues are multiplied by 0,999, and

for the Bidecimal seale by 0,783
*1* Sugar Rmal, B.,snd 7, p 298,

The principal chanical methods for determining sugars are
based upen the property which all aldehydes and ketones gave
of redueing slkeline solutions of certain metallie salts.

Of the verious alksline solutions of metals, those of
copper are smployed most gemsrally in sugar anslysis,

Fehling in 1848 first worked out the details of the alkaline
copper methods, as they now stend, and the copper sulfate and
elkaline tartarate resgent had simee been csalled by his name,

All the different metheds using alkaline solutions of
metallio selt are based on the same prineiple i.,e, the oxidation
of the sugar by the metallic ion vhiech is reduced in its tura
to the 7ree metal of to the lower insoluble oxidej but thelh differ
in the way the guantity of suger used is ealoulated, Some are
besed on the weight of the cuprous oxide (ecopper solutiocus )
formed which bears a relatiom to the guantity of redueing sugars
used and can be fommd from given tables, and others finde the
quantity of unreduced copper from whieh , the original quantity
of copper, the part reduced is fomamd whiéh gives the guantity of
suger used.

The firat methed is gravimetriec and being slow is mot Tit
for routine work or when many samples have te be analyzed as it



For the Dates~Jecoebson sosle with the normel weight of sue~

' rose as 28,000 gr. the sbove volues are multiplied by 0,999, and
for the bidecimal scale Ly 0,783

*1.* Suger RAnel, B.,und 7, p 298,

C THODS FOR THE QUANTITATIVE DETERMINATION OF SUGARS

The principal chanical methods for determining sugars are
based upon the property which ell aldehydes and ketones gave
of reducing slkaline solutions of certain metallie salts.

0f the verious alkeline solutions of metals, those of
sopper are smployed most gemsrally in sugar anslysis,

Fehling in 1848 first worked out the details of the alkaline
copper methods, as they now stend, end the copper sulfate and
alkaline tertarate resgent had simee been called by his name,

4ll the different methods using alkaline solutions of
metallic selt are based orn the same prineiple i.e, the oxidation
of the suger by the metallic ion vhieh is reduced in its turn
to the rree metal of to the lower insoluble oxidej but tha’, differ
in the way the guantity of suger used is calculated, Some are
based on the weight of the cuprous oxide (eopper soluticus )

. formed which besrs a relation to the guantity of reducing sugars

used end ean be fommwd from given tables, and others finde the
quantity of unreduced copper from whioh:,“%ho original gquantity
of copper, the part reduced is foramd whiéh gives the quantity of
suger used,

The firnt method is gravimetrie end being slow is not fit
for raruﬂ:m work or when many samples have to be analyzed as il



28

was the case with my work, so naturally I chosed a method based
on the second way. The simplest wey to determine unreduced
copper is velumetrically although it can be round_by alectrolysis
or gravemetrically, Agein I wanted a me thod whiehftﬁtek with a
short heating pericd smd at a temperature easily obtainable with
the equipment I hadj snd in my work I had %o analyze mixtures of
sugars which elmost ell of them were composed of sucrose, ;;;ﬁ:i::k
so a solutio= vhich had equal reducing power towards glucose and
fructose and which wofild permit the guantitative determination of
fructose in the presence of glucose was NECeSSaIY.

These properiies were found in the modifi ed Luff-Schoorl
me thod , Y&*
Modifsed Luff-Schoorl. Method

The cojper reagent is prepared as fellows:

1, 382 g, of erystalline eodium earbonate (NegCOs.l0H.0 )
or its aguivalent of the enhydrous s@lt are dissolved in 300 =
400 ec, of luke worm water im 1 1ig, volumetrie flask and to
this 18 edded with stirring a solution of

Ne 50 ge Citric ecid in 50 cc, of water, after all effere
vescence has ckesed add gradually with constant vigorous shaking

a solution of:

3, 25 g. orystelline copper sulfate (Cu30, «5He0) dissolved
in 100 cc ofesdsl water C.":'lel‘ako up:to volume and 'let stand for few
days; decant the clear portion ani stores The solution will keep
indefinitely and shows no aute=reduction even upon boiling. |

Place 25 ce of thies reagent and 25 cc, of the sugar -olution-m

.w LEM B.awt, Z. P 832
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a 300 ce. erlemmeyer [lask, add [ew pleces of pumice stone and
attach s water-coold refliux condenser, Heet over a frec flame

g0 thet the coutents wiil start to boil in about 2 min. then head
ovar an sashestos cenierasd wire zauze and let it boll gently for
exaetly 10 mins, longer, Remove the flame and ecool immedistly

in running wmter, \dd & gm, of potassium iodide and thonigdd
slawly with siirring 20 ee, of 25 % hydrochlorie aeid, Teztrate
$he libersted iodine wiih standerd sodium thiosulfate solution
using stsrch indicator towerds the end, Sumn a blank ead with

25 eec, 0of the reagent and 256 cec, of distillied vater following

the same procedure sxactly. The difference bsitween the two titra=
tions is equivelent to the reduced copper and to the quantity ef
reducinzg sugars present which is found from the following table:

) - . -
0elN Thiosul~ Glueose Frue=  Ahydrous Anydrous
fate tose Invert Lactose Valtose
sugar
'.L_c CCa M. WMZe Mge
1 2ed 3.6 Be9
2 4,8 7.5 78
3 7.2 11,0 11,7
4 0.7 14,7 15,6
5 18,2 18,4 19,6
6 14,7 22,1 23,5
7 17,2 26,8 27.5
8 19,4 29,5 31,5
e 22¢4 3342 3545
10 25,0 3740 39,5
1l 2746 40,8 43,5
12 35043 44,6 47,5
13 33,0 48.4 51,6
14, 85,.Y 62,2 55,7
15 38,5 56,0 59.8
16 41,3 59,9 63,9
1Y 44 R 63,8 68,0
| 18 47,1 677 T2.2
1" 1’ 50 .o ".? 75.5
20 53,0 775.7 $6.9
g2 - 56,0 79.8 86,4
22 59.1 83.9 20,0
235 6E.2 88,0 94,6
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The same teble mav slse be employed if larger or smaller g
quantities of the copper resgenl than the 25 co. speefied are
used, fs for azample)ﬁO Oue reageni plus 50 ec, sugar solution,
T™e titer found is devided by 2, the corresponding milligrams
of sugar fouand from the table, and tae result multiplied Tty 2,
T™us & titer of 20 uuder there conditicus indicate 25,0 x 2 or
50 mge Of glucose snd not 53.0 mge The same thing is applied is
analler voiume is used, namely find the milligrams of sugar
which gorespond Lo 25 cce of reagent and then couvert te the
volume useds

Two points should te bawen in mind, the final volume of
reagent plus sugar solution nmust elweys be btwice the volume of
the reagenti, use distilled weter to accomplish this point, and
soeond,after boiling,the solution shedld show e blue color
indicating the presence of unreduced copper, if mo blue solor
is present, repest the determination using smeller voleme of

sugar and make up for the aifference with distilled water.

i ). ts

A clarifying agent is a substence added to the solution of
the sw.ar or the sugar containigg material which causes the eoagu~
lation and the precepitation of the gummy, glbuminocids end waxy
| materials present, which results in a gsolution elear ani easy
to filter.

The most used clarifying sgents are:

1. Lead subacetate. It is praparod:gixing 300 gr. lead
acetate and 100 aw. lead oxide (litharage) in one liter of water
stirred and heated gently for about 2 hours. It is left to settle
and the eleer solution decanted,



The seme teble msv slse be employed if larger or smaller g
quantities of the copper resgent than the 25 co. spoefied are

used, fis for sxample 50 cce reagent plus 50 eec, sugar solution,
The titer found is devided by 2, the gorresponding milligrems
of sugar found from the table, and the result multiplied by 2,
Thus & titer of 20 under there conditions indicate 25,0 x 2 or
50 mge Of glucese sand mot 53.0 Mg The seme thing is applied is
apaller volume is used, namely find the mill igrams of sugar
which corespond to 25 cce of reagent and then convert te the
volume useds

Two points should be bawven in mind, the final volume of
reagent plus sugar solutioen mist alweays be twice the volume of
the reagent, use distilled water to acoomplish this point, and
seeond after beiling ,the solution shedild show a blue coler
{ndicating the presence of unreduced copper, if mo blue eolor
is present, repest the determination using smeller volume of
sugar and meke up for the difference with distilled water,

Clapifyingz Agents

A clsrifying agent is a substance added to the solution of
the sw.ar or the sugar containigg material which csuses the cocagu~
| lation and the precepitation of the gummy, albuminoids and waxy
| materials present, which results in a solution clear ani easy
to filter.

The most used clarifying agents are:

1. Load subacetate. It 1s )ropurod:;hnc 300 gre lead
soetate and 100 au. lead oxide (1itharege) in one liter of water
stirred and heated gently for about 2 hours., It is left to settls
and the clesr solution decanted.

e
—‘-’K\...,



2, Newtral lesd acetate; It is a saturated solution of
lead acetate ln weler.

8., Dry basic lesd acetate: (Horne Prowbder) It is
obtained s & dry powdered salt and contains 72.8% Pb, which
eorresponds to the composition of SPb(C.Hs0, )e « 2P0,

4, Alumine cresm: Prepare g cold ssturated solntion of
potassium slmminium elum in waber. Add cone NH,OF with constant
stirring unidi the solution is slkaline % 11tmusg let the
precipitate setitle and wash by decantation with water until
the wash water gives only a slight test for sulfete ions with
l;ﬂ. gsolution, Pour off the exass of water and stowe the resed-

ual eream in s stoppsred bottle,

Clarifying sgents sre added before completing o volume exeept
the dry Horne powier whish is added after competing the volume,
As the basic lead scetate precepitates the fructose as lead frue~=
tesate, therefere in the presemce of reducing m to be deter~
mined the use of neutral deed acetate or alumind eream for elarie

fying is imperstive,

After the addetion of the clarifyiag agents {(about 3 or
4 co, per 100 cce Of the solution ) add one drop Q’f'* to
elear the fosm before comple¥img te the mark. Shake thoroughly
and let stand fer about 10 mt."rnui into a pluted filter paper
| capable of holding at least helf the quantity at one time,
colleet the clear filterate after rejeeting at least the first
| 85 n.{‘:ﬁm addsorption powsr of filter paper to water and
sugars im not proportional to the composition of the solution,
If lead selutions has been used for slarifieation, the excess

-



lead cheuld be removed by additien of dry, powdered anhydrous
sodium earbonate to the filterate and refiltering ; as the excess
of lead will cause a change in the rotation of the sugar solution
and will react with the copper sulfate to form the insoluble

lead sulfste and with the hydrochlorie acid used in inversion
forming the precipitate lead chloride,
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SuC KOSE
THE QUANTI TATIVE DETERVMINATION OF 6GLCECOSE

1, In the Absende of other Sugars: .
o+
Wweigh out one normal #wight exaetly, treansfare to a

100 ce, volumetrie flask, add about 70 ee, water, stirr to
dissolve, add the proper clarifying agent, eomplete to the mark
and polorize in a 200 mm, tube, Reading is percentage suerose,

2, In the Presence of Mono-Saccharides:

Prepare a normal solution es directed above and find dir-
ect polorization reading, Invert part of the solution as fale
lows:

Transferre 50 ec, of the normal solution to a 100 ee,
vol, flask, add 25 e¢c, water and 5 ¢e. cone, HCl, while shak-
ing, heet in a water bath at sueh a rate that the internal
temperature reaches 67 - $9 C in 2 = 2§ mins, Keep at that
temperature for 7 mins. longer, Cool, rinse in the thermometer,
nkouﬁh volume snd polorize in a 200 mm. tube. This gives the
" Invert reading” , Calculate percentage sucrose in the originely
sample from the following formula,

S = _100D

“14Z.88 -_%20
=

where S = percentage sucrose

D = Direet polerization - 2 invert polerization

t = Temperature of polorization in degrees centigrade,

It is very important thet the twe polorizetions should
be made at the same temperature although net necessarly ao°c,
but it is preferrsable te be near 20’ C,
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This method depends on the chamge in peloriscope reading
due to the inversion of the suerose; as the mono~saccharides
sulffer no change at the used concentration of acid and at
the used temperature, them any change in the rotation is duve
to the invert sugar produced

In ecaleuleting D in the above formulas, twiece the invert
reading was teken becsuse the invert solution is % normeal,

If the invert reading is megative then it is added to the

direet reading, of caurse,

THE QUANTITATIVE DETERMINATION OF GLUCOSE

L. In The Abseme 0f Other Sugars
When only glueose is known to be present, then it ean

be determined either by the use of a saccharimeter or chemieally.
e, For the determination by the saccharimeter, follow
the procedure given under the determination of suerose (Method~-
1 ) using the normal weight of glucose as given in the begimm-
ing of this chapter
b, For determining glucose chemically, prepare & solution
econteining about 0,5 = 1 percent of solid matter and follow theé
Modified LuffeSchoorl method, after proper elarifiecation,

Be ece Of Non-reduec ars
Follow the procedurs given sbove ( methed 1, b )

o
3, _The mhmggg,m.gl Glucese in Other Suger Products
Method of A,0.,A.Ce '1°

Prepare an inverted half-mormal solution of the substanece,

do not cool after inversion, meke neutral to phenol-phthaline
*1' Nethods of Analysis, A.0.A.C. Bth edj P 498, 1940.
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with sodijm hydroxide soluiion, slightly aeidify with dilute
HOL ( 145 ) end tweat with 5 to 10 ee, of alumine cream beforw
msking to the mark, Filter and pelorize at 87 C. in a 200 mm,
jacketed metal tube, preferably silver, Caleulate the guantity
of commereial glucose solid poloruin;o#mo V¥ by the formula

e

where S,=is the quantity of glucose as diseribed above,
end D the saccharimetrie reading,

The normal weight here referres to that of suerose and
not to glucose

The cause for using a high temperature here is because
of the faet that invert sugar is optically insctive at 87 C.
becasuse the rotation of fructose decreases rapidly with rise
of temperature so that at Moc the le¥e rotation dus to fruetose
is compensated by the dextro- rotation due teo the equivelent
amount of glucose, So this method of high temperature polori-
zation eliminates the effect of any present sucrose or invert
sugar or originally present.

This method is used to deteet the adulteration of homney
end other similar products with commereial glueose,

THE QUANTITATIVE DETERMINATION OF FRUCTOSE

1. If 1t is the only reducing sugar present, then the pro-
cedure is that deseribed for the determination of redueing
sugarc or as deseribed for glucose, ( 1, b, )

2. n (=] '

The selective determination of fructeose in a mixture of
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clemical

sugars is earried either chemieally or physieally,. 'I'hnf method
depends on the property of fructose of suffering & big change
in the rotation with change in temperature.

Prepare a normal solutden, clarify, filter, and find
the direet pelerization at 20°C in @ 200 mm, tube and polorize
again et 87'C in a 200 mm, tube also, Caleulate the weight of
fructose in the normsl weight by the formmla:

F = _Rgo = hﬁﬁls R aw
L
where F is the weight of fructose in the normal weight

Reo is the Direet polorizatiom at 20 C,
Rgy is the direet polorization at sv"c.

b.=_Chemieally

This method depends on the faet that, fructose being a
ketese ( the only common ketose in ordinary sugar analysis )
is more diffeeult to oxidize than other eommon sugars whieh
are aldeses, The oxidizing sgent is sodium M.

Kol thoff - Eruishesr Method For Determining Fruetose '1°

Reagmnte;
1. 4 N, Sodium hydroxide solution
2, 4 N, Sulfuric acid solution
5., JIodine solution containing 15 grm, iodine amd
15 grm, potassium iodide in 100 ece,
4, 20 percent sodium sulfite solution
5. 2 percent sodium sulfite seolution

*1' Sug, Anal, B, and 7, p. 902.
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Procedure:
pissolve & suitable quantity of the product representing

from 1,75 end 3,5 grms, total solids, in water in a 100 ce.
vol, flask, calrify, complete to volume and filter, Pipette
25 ec, of this solution into amother 100 cc. vel. flask, add
25 ec, water and them 5 ece, of 4 N, sodium hydroxide, Run in
at onee 16 ce, of the iodine solution or enough to vmpart

s distinetly brown color to the selution, Let stand for 5 to
Y mins, end edd 3 ee, of 4 N, sulfuriec ascid, Remove the exeess
fodine first with 20 percent sodium sulfite solution, and then
earefully with 2 percent sodium sulfite solution. Add stareh
{ndecator twards the end and continue the titration till the
blue coler is discharged, Add 4 N, sodium hydroxide $ill the
solution is slightly eeid to methyl orange, Complete the volume
and determine the fructose in @ 25 0Cs aljuwk by the modified
Buff -Sehoorl method. Calculate the percentagd of fruetose in
the original sample,

In the presence of swerose it is advisable %o first
invert the solutiom, neutralize, and determine the fructose
after inversion, The fwuctose produced by the inversion of
sucrose is 52,63 percent of sucrose, as found by double
polorization.

0 OF SU

The most importent mimtures of sugars eneountered in
everyiey analysis are those composed of suerose, glucose, and
fructose,

1, Suerose and any one of the other two sugars present a
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very simple mixture the sucrose being determined by double
pelorizetion and the other redueing sugar by the copper-solution.
2, A mixture of glucose end fruetose san be analysed by
finding the total reducing sugar in the original sample and
after the oxidation of glucose as diseribed in the method for

determining fructose selectivly, The difference between the
two values represent the gluceose, From this point, it is easy
to understand why the eopper reagent employed must have the
same oxidizing power towords glucose, and fumetose.

3. A mixture of the three sugars togesther can be anal=
yzed by combining the above men thioned two procedures, i.e.
Suerose, by double pelorization, fructose by the hype-iodite
method, and glucese by difference,

0 N__SUG co NING PRODUCTS

The water content in a sugar containing produet can be
determined either by drying a sample at 100°C in an oven under
reduced pressure or by extracting the water with a volatile
{mmicible solvent, Gemerally Xylel is used but as there is the
deanger of fruetose decomposing st the beiling point of xylol
136’ ¢, toluens, with the lower beiling point of 110,86 C is
used instead, otherwise the proecedure is exactly as deseribed
in books on commercial quantitative analysis.

o Ul e o . s . 2.3
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