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PREFAGCSE

This report is based on work, gomnencing October
1944, carried on some orange and lemen fruits of Lebanon,
In i‘a first part I elaim to present no pioneer resesrch
in the chemistry of eitrus fruits, save the collection of
new data concerning their u-put%un in this country.

Tn the second part, aszain, I merely sendeavour %o
snswer & simple and practicel question: “Can the eitrus

sctin 7 " The problem, of course, is here studied from
ts chemical aspects o:ini and hence no complete and
setisfactory snawer sh d be souzht for, nNevertheless,
this issue is importantj so importent, in my opinion, as
to justify even an attempt at its solution throush a
study of the chemistry of eitrus products,

consequently, in preparins this peper special
ocare has been teken to refer avery topic to 1ts 1iterature,
without undue reproduction of methods of snalysis, theories
of resctions, eto., whieh fmets are easily secessible
throush indiested references,

In socknowledgement, I wish to thank the personnel
of the Chemistry Uspertment for their kind cooperstion

end partiocularly Prof, ie.D. Jonsten for placinz his prlnto
laboratory st my disposal and kindly supervising my work,

Vay 26, 19485, George 1,H, lananis,
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CENERAL INTRODUCTION

I8 CITROUS FRUITS

1

These fruits , whieh were Tirst mentiomed in histery
(about 2000 E.C,) %o have existed in China®, ere now botani=
eally clessified under the family “Rutaceae” as genus “Citrua”,
Thus they are normslly spoken of as "Citrus Fruits”, They
are berries of the hesperidium type, and consist of & "rind”
(oomprising the epiecarp, hypoderm and most of the mesocarp),
that encloses "segments” consisting of the inner mesocarp,
endocarp and seeds®, Of this genus only two specles are
studied in this paper:

1., Orange = Ar., 0w, , Fr, Oreange douce, It, irancie
dolee, Sp. China, Ger, Apfeleine.
Sitrus sinensis (mbnk) or 2, Aurantium
var, sinensis (Engl.).

g, Lemon = Ar, oV e, Ire Citron, It. Limone, Sp.
Limen, Ger, Limone.
cisrus limonie (Osbeck) exr C, Vedioa var,
limon ‘l.,o

The history of the eitrus fruits in the near Lsst is
rather obscure, In Palestine orenges, lemons and citrons were
commonly grown about 250 NeTe = 50 A.ﬁ.‘, and 1t seems pleu-
sible thet from there they spread inte the neighbouring
countries: Italy, Spain, Lebanon, Syria, EBgypt ete.. However,
a stage of dermanoy m‘ heve hovered over the "ear last, Tor
plantations remained mesgre until the present century, when
eitrus fruit growing was abruptly revolutionized, mhmuny
in Palestine, To give an idea of the present status of ecitrus
production in the iear kast, some dante on citrus exports are
plotted in graphe (fig. 1) for ralestine®, Lebanon® snd Ngypt?,

le In this paper subseript numbers refer to feotnotes, while
pumbers in bracke ts refer to bibliegraphy,

g« Palestine Trede Cetalogue = Covi, of Falestime, Jan, (1943),

5- ror-details of structure refer %o "intem p. coi.

4~ "upra footnote 2.

5- Dased on figures cbtained frem !:It. of “tatistics, J'lem,

6~ o B " " " 1. Eoon, (1941).

ko " - v \d - Dept, of Reonomics, AoUsEe



A natursel comsequence of this increased production
in Palestine was the dewning of @ by-product industry there.
For Lebanon, this obviously was not the c8sej and although
conditions in the future will depend on a number of unforseen
esconomic fsotors, the discussion of which is irrelevent to
the neture of tnis work, it mmy still be confidently ascer=
tained thet it is netural for & miniature by-produet industry
to arise in this country at least as a supplement to its
eitrus production,

GMEMISTRY OF THE CITOUS FRUITS

nesearch field in Citrus Themistry comprises two main
divisions: the first we may call the "acedemie”, referrinz to
the study of the composition and pure shemistry of eitrus olle,
pectins, vitemins and the like; and the second the "applied”
or prnhul utilization of chemienl prineiples in the field
of eitrus products, of whkich praeservation of julces, squashes,
pulp and peels; oanning; manufecturing Jjellies, jams, marme=
ledes, eitric scid, pectin, aleohel, acetons, essential oils,
cattle f0dder..cces 8Fre some oxamples,

This duslism, if we may so call it characterises
moat of our modern {:oblm of sciencej ln& yet, in its Tinal
stage, 1t always ou inates in a greater whole: & synthesis
of the seademic and the epplied, A particularly striking
example of that is Citrus “hemistry, where the exclusive
gpecialization in the study of terpenes, pectic substmnces
and vitemins on the ome hand, and the very many industrisl
enterprises of the above monhom by-products on the other,
are béing slowly linked together and synthesized into the
more important whele, Food Chemisiry.

The antiscurbatiec value of citrus fruits was perhaps
the first incentive towards the study of their chemistry, and
long series of papers on thet and other vitamins and compounds
of biochemical interest were end are still being published in
the Fiochemicel Journal®, Leter, interest in the essential
oils end peotins of the eitrus fruit rinds developed, and
agein the stery of that is e long series of papers in the
chemical 1itereture®, The story of the by-product industry,

g8~ Refer to Ploch, J. Hlsm 1081 (1931); 865 (1958)3
27, 219 (uu;; m xim' 275 Yos 8%00es
h - ‘”'. (“ » ,. (“ ') (" ’ ’. ‘1')‘.--."..



howaver, extends over a longer period; and slthough its
development was les: orgenised, an attempt at sketching some
of its main festures is presented later in this paper.

In consequence of the forementioned dualiem thie
peper may seem %o have been severed inte twe woh&od topiesg
part I (the snelytical) corresponding to the academie, and
part IT (dealing with by-products) to the applied, Towever,
despite an appvarent lack of a final synthesis, this work is

diseontinuous; for the second part receives merit only es
2 derivetive of the results obtained from the first, Thie is
the logiecal unity that binds both parts,



JUICE

4ow. Solids Citric Surars Sucrose
Acid H‘g _

-n.woowmcoﬁxunoa-nouwuoﬂo»lruw
s - E 3 % 4 z 4 c6e % S | T | %

Califeornis rin., [124 14 0 20 82,17 0.91 0.41 55 $.80 0,92 h 9.65 4,00
yax, |250 36 3 32 88,57 ledl 0,55 98 13,88 ' 1,72 10,78 S.12

” |
B |

-- |43 9,38 1,78 2,33 ==

-= (B 13,27 2,56 2.66 -

- s | e

Siecilian vim, 120 27 1 16 77.52
Vax. |137 34 2 23 83,78

Pelestine ¥in, | 73 30,9 -~ 13,9 === -- - | 26,2 10.1 1.05 4,9 0,5
MRxe (343 49,6 ~ 25,5 - - - mmmcw 14,8 3.96 ‘ 9.2 | 4,)
| C8s

Lebanon (Av.) [179 20,6 1.2 12,0 82,6 1.10 o.mum_u; 12,15 | 1,56 8,2 4.1

F B ] _ 1 i
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TAELE 2.

COMPARATIVE AVALYSES OF LEMONS (Citrus Limonias)

JUICE

ite Feel Seed Mare VWater Protein Ash | Vol, Selids Citrie Sugars Suerose

. | Acid Total
3 T % & 4 3 7 ed. % 4 4
Celifornie Min, | 80 13 0O 15 77,95 0,69 0,42 23 9,08 5,74 1,20 0,35
Max. (170 50 3 38 68,54 1.4 0,78 95 13,20 8,40 3,60 0,58
Steilien M¥in. (115 35 1 16 78,18 - = | 34 9,90 €.51 0,07 -
Mex, (128 44 3 25 B3.65 - o | 44 13,38 7.21 0.9 =

i o

Lebanon (Ave) 1863 26 1.2 H&onﬂ.;.o 0.88 0,65 54 11,79 B.14 0,90 0.41

" A | = . " , — i ~ .




TAELE 3.

, COMPOSITION OF ORANGES

| ‘12,1 82,5

FRUIT JUICE
wt. Peel Seed Marc Weter FProtein Ash Vol. So0lids Citrie Sugars Sucrose
Acid Total {
Ee * “| |w| m, hﬂﬂ CCe 7o “ \mu _ *
December 158 | 28,9 1.2 11.8 8l .0 0,98 O.S 42 9,88 1l.886 7«6 _ 4.5
February |187 30.1 1.4 12,1 84,3 1,09 0.48 58 11.82 1.48 8.3 2.8
April 192 29,8 1.0 1,285 0,55 62 14,756 1,33 8.7 5.3

i

—




TABLE 4.

VARIATION IN THE COMPOSITION OF LEMONS

l FRUIT JUICE

| __,

h -

mq:.:. Peel Seed Marc Water Trotein Ash _ Vol., Solide Citric Sugars Sucrose

| [ Acid Total

T 8 % % % % % % | eec. z Z K 3 4

ﬁ
November |155 15 1.2 1048 72.0  0.60 0,50 | 42 11,78 6.8l 0,24 === |

—
Februsry |174 27 1,05 13.4 79,5 1.12 0,71 59 11.50 6.01 0,81 0,37
April 161 35 1.3 18,5 78.2 0.94 0,74 61 12,11 5,59 1,54 0,45

N | N




TARLE B8,

TARLE @6,

C 0N OF PARTS OF LEVON

1 1
Fraction water Protein Aeid* Susars An'

——"'"Lpff NS SN
Mmm Sl Bnlo Bl

Mers 1.5 763 Ade | - 02 0.8
utes 361 69,1 0.0 856 1.4 0.7 |
Seed | 1.5 Sle8 0,85 e | o 3.08

* @0, 0,1 N NaOH.
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the determination of Vitamin ¢ (escorbic aeid) in the
orange and lemon juices was considered of primery importance,
and, this specisl peragraph is, therefore, devoted to its
discussion, "o at% at forwarding e prelude, to serve as
background, will be sdegquate for such an important topic; end
hence Rosenberg's survey of its histery, chemistry and physie-
logy is recomrended instead (10).

The problem %o be faced was very simple: fresh fruit
juices could be anslysed for Vitamin C very easily by direct
titration with 2,6-dichlorophenclindephenel in an acidie
medium (Tillman's methed), for it had been proved by many
workers in the field that interference of foreign reducing
agents is n.?u ble if the Wtration be condue ted repldly
(35), (42), (48)s 1wo modifications of this rethod were com=
pared® and used interchangeably, as they showed no appreciable
diserepancy in results, The followimng are the results com-
pared with those obbeined for Palestine:1®

| oranoms LENONS
T * |
Palestine Lebanon | Pelestine Lebanon
| 19386 1944~5
Dee. @ B0 50 | 48 | 49.0
- - ‘
Jen, | 56 54 5145 50,0
_Jﬁ L 4
Feb, || 49 58 52 49,8
- s =
Mereh | 55 50 41 42,6
April, | 80 & | - | 88,7
| | | |

9 - Govt, Central Labs,, J'lem, and of. (43).
ofe (48)e



DISCUSSION OF HBESULTS

On exsminingz tables 1 = 7 one can make the following
remarks on the various results ebtained:

1In general, weight and compesi tion compare favourably

the aversge, VvVeolume of juice seems to be low, and elso,
though to & lesser extent, its scidity, Tetal solids ere
medium but sugars rise above the aversge, Jluring its
ripening period™ , the enalysed orange seemed %o increase
in weight, volume of juice end total solids content. The
slight deeresse in acidity is not normel (17), Total supars
{nereased gradually, but ne fixed relation between the
amounts of suorose and invert sugear was apparent’® , Vitamin
0 content comperes favourably with that of Palestine's fruit
but is slightly leower,

The size of the fruit comperes favoursbly with the
aversge, yot its peol content is rather low, Sugars and
total solids are medium, but volume of juice rises above the
aversge, wiile eitric acid content falls below, During ite
ripening, the lemond weight end julce inereased regularly,
but the abnormal inerease in psel content was surprising,
The fall ef citric scid content to 6 % by February is sls=e
disappointing., For sugars, the incresse was less than that
in oranges but agein at no fixed rete, Vitwmmin C content
is fair all during the season except in April when it falls
considerably,.

For the pectin yields rafer to the chapter on "Feetin”,

CONQLUSION

In the light of the foregoing discussion ons may sketch
the following cheracteris tiecs of the analyzed fruits:

Qm'_p_ are of fair size snd average oomposition, the sugar

content being slightly excessive, Durd their ripening

they behave rather nomally, ené thelr Vitamin C content
does not fall considsrably,

ere rether medioere in size, pesl content and citrie
acld content, Though quite Juiey their Vitemin C content is
not high, particularly im April, During their ripening , the
sitrie aitd content falis %0 6 % by February but the peel
proves,

1l* Tests of (22) pussed.
12« of, (14) pe .’
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In comclusion, then, the following remerks might serve
to sum up the snalytical part of this verk:

1 - The smalysed fruits ere, at their best, of average com=
position, ‘

2 « For Vitamin C, both oranges and lemons are good sources,
but in April iunom become considersbly poorer.

3 - Mor citriec seid, the lemons are rather peor , except during
the early part of the season,

4 « Considerirg the rough meture of this work, the conclusions
drawn sbove represent rough estimates; henoe the possibility
o more sccurste muplysis or the existemce of fruits ef

better quality.

A . g S 5 - -
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PART II

- opu

ERELIMIBARY

This second pert of the work pertains te the "applied”
braneh of oitrus chemistry in compliamse with the argument of
the Genersl Introduction, Teo survey this branch, however,
would necessitate a study of the eitrus by-preduct indus try
sinee its birth in Itely during the eighteenth century., It is
not the intention of this note to do so. Refesence to present
econditions would, perhaps, suffice, For Italy, Smith (34),
Sereni tal; and verman (18); for Amesrica win (38) and later
Wilson (41); snd for Palestine, Braverman (19
give accounts of the present industry with its scopes and
possibilities, The extent of the industry at present becomes
obvious from the following list of by-product industries:

1 « Preservation: whole fruits, juices, syrups and pulpsj
candied ’..l.o.--.o

2 =« Canningt fruits, peels,..
3 -« Dehydration: juices, whole fruite...
4 - Citrie Aeid: and celcium oi trate,
5 « Peotint gyrup and powder, Also pectates,
6 - 0Oils! of lemon ard orsnge, OSSeNCesS...
7 - Fermentation
Produeots: alcohol, acetone, vinegar, wines,..
8 « Jellies, jems ani mrmelades,
9 « Vastes: cnttle feodder, fuel,...

At present, this country faces no acute problem for
eitrus waste produe tion®; and yet the choloce ef eitric noid and
roﬁl for these studies was partly founded on their deficiency

ere during the war, Tut, 8s the cominz two chapters will
mon‘r:hh cholce was -flt founded on their interesting
chemis "

¥ ef. pe % of thesis,

) et Viteles (356)...



Chepter 1

de HISTORICAL

Citrie Aeld (C,lp0geliz0)* 18 no novelty of our age. As
far back as 1776 Retzius hed distinguished it from tartaric moid,
and in 1784 Seheele had obtained it im erystalline form, yet not
until 1857 were ite properties and tribasicity well established

by Liebeg®,

The story of the manufeoture of citriec eeid, however,
does not run paralisl to the story of its chemistry, The
Itelians had long sgo developed a home industry out of the trans-
formation of lemon amd lime juices inte the "ocitrate of lime",
and that they recently developed into a citriec seld industry®,
Several other countries, like Franee, America, South Africe,
Spain and Pelestine also developed tﬁ-t indus try, In America
(California) slthough the first serious attempt at menufecturing
eitriec acid came towards the end of the last century, it was not
until 1921 that that develeped into & suceessful indus try, of
which e good mceount is given by Vilson (39). It was also
maturing in "rence around that peried, end Roux (11) cives a
comprehensive sccount of its present status there.

Palestine, of course, faced the problem only recently;
and the rather successiul nt‘.-to at manufecturing eitric acid
wore, no doubt, mminly supported by the present war* (19), (38).
In Lebanon, however, no such attempts have yet been uw‘u
even during the war, It was the study of the ressons for that
failure that led to this work,

Other then ecitrus fruits, two main sources eof eitrie
aoid may be mentioned:
1 = Synthetieslly from dichloreacetone.... (lab, precedure).
2 « By fermentation of sugars, This latter methed is slowly
rivaelling the old process and has overwvhelming literstures,

1+ Refer to Remington's "Frectice of Pharmmey” p, 943; or
Futehinson’s Encyelopsedia p, 426, Alse {11’ Pe 291,

3 ot ’ia’g " thesi
Els Pe esis.

4~ of, l"-h-ﬁu Trade Jatalogue, 1943, and (31).

5= U.8,P, 1930982 (1934); Cer, P. ‘1'9&7 (1935) and 679847 (1939)3
Je Ind, “. Ch, ‘*“1.8‘) Je«Indian . Ch Soe,
Ind, Eng, News 8, 64 (1940) snd 5, 201 (1942} Ploch, Z, A
203 (1941)3 Ann, 63 (1938) ) Ann. Chim. Appl. 24 (19
Areh, ¥ierobiol, 954); Pishohevaya Prom, 28 (1941)esee



- 15 =

2, PROBLEM

Citrus oull fruits exist in this country dwe teo
mechanical or physicsl injury, pertial decayine, freezing,
shape defects, ete, (26) and as sueh they aoutltuto the raw
material for ‘h mamufacture of eitric acid from their juices,
The natural question to be asked would then be: Is it posszible
te utilize the eull fruits of this country for an efficient
production of citrioc seid ? And the mmswer to that o ises
the two logical steps in a seientific study of the problem:

(a) a eritique of the various already adopted manu~
feacturing processes as appliceble to the mresent
conditions here.

(v) The formulation, in the light of %he ebove men~
tioned eritique, end bmsed upon lebore tory
experiments prfumd. of & modi fied and simple
methed for the preparetion of citrie scid on a
technical secale,

D £810M

Five different methods Br the manufacture of citrie
sold from ecitrus julces were studied, those 'ming by Wilson (39),
Roux (11), Cruess (3), NeNeir (7) and Warneford~iardy (37); and
every step in the process is snalyzed by itself in the ferth-
coming discussion, Let us first enumerate the principal phases
in such e mmnufecturing process®:

a) Extraction of the juice,

b) Saturetion of the juice and precipitation of the ecitrate,

¢) Decomposition of the citrate and formmtion of disselved
eitrie neid,

4) Conecentration of this solution, end grenuletion of the scid,

e) Purifioation and mryahlnu‘hn of the aeid,

f) Treatment of the mothe r-ligquor,

a) t To obtain the juioce from the lemons all
five me thods ® modified into the use of a hand , electri~
eally driven, squeezer, Varying smounts of fresh lemeons (not
exceeding 15 kg a batoh) were used, end it was found most handy
to pass the freshly extrected Julce through cosrse muslin in
order to free it from seeds, pulp end some mueilage, Storing
the juiee at this stage ellows fermentation to set in%, end

k= eof, lu) Pe 309,
7= eof, ') Pe 806,
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destroy the gummy meterial thet makes freshly pressed juice

so difficult to filter (while very little eitriec seid is lost
on condition fermentation does not proceed too far), Fer
feirut weatier in winter a stending of 60 hours was found quite
satisfactory, at the end of vhich period the juice would have
separeted inteo three layers: eclear seolution in the middle,

mad in the buttom end wud plus soft pulp et the surface, At
this stage it was found convenient to siphon out the cleear
Juice} that undoubtedly leaves an apprecisble amount of the
acid in the mud and pulp residues totalling 10 - 17 % & of the
total scid content of the juice, These are therefore bolled
with a little water and filtered, either by letting it stend

and decanting as before, or through the use of filter midy Thus
it is possible to eliminate sltegether, or use very little of,
the summsech for coagulstion® or filter aid for speeding filtration®

b) t This resction presents no diffieulty,
The best recorme ons are for the use of lime water and
oaleium ou'bomttl but the simple use of powdered caleium car-
bonete only p efficient and precipiteted a pure preduct
tl;tt a:tnol easily, thus sllowing speedy filtre tion throuzh
siphening,

e) tion: The general plan here offers no chance
for diserepancy, the process being the formation of a citrate
paste and its decompesition with 20 - 285 § H,80, using 2 ¢
excess acid for better precipitatien*®, Washing by decantation
was found to eliminste the trouble of filtration el though the
use of a Buchner funuel is sanywsy very simple.

d) § This is the eritical stage in the
process for large iirme use concentration in vaewo, and, due to
cost and lack of meachinery at present, this is net poulhlo here.
On studying the problem 1t was found possible to eveporate this
solution at a tempersture not exeeeding 60 and on comdition
the amount of free (excess) sulphuric secid does not exesed 0.,15 72,
Yor higher tempe ratures and higher concentretions of ¥,30, the
golution darkens very much and as much as 6 £ of the eitric ecid
could be lest through decomposition, Even under the most
favoursble conditions, however, s yellowish celourstion will in-
evitable develop, The intervenimg filtration of CaSO, that
erystallizes out as conecentreation proceeds, need not be dome
more then twiee, the second being &t sp, gre 1,500 (determined
by @ hydrometer and representing the concentre tion beyond which

B* Determined ss by (11).

9= of, (".

10~ eof, {l’ .

11« ef, (11),y p. B)4,

12« Determined according to (3) p. 606,
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eitriec seid ins to orystallize), Selutiona teo dark-coloured
had to be decolourized with animel charceal ( 1L -~ 2 # by weight),
but this, if done to the very comcentrated solution, would be
extremely difficult teo Tfilter, hence its use ought ‘o e sntie
eipated, Beyond sp. £r. 1,300 concentration is followed even
more carefully (semperature sbout 55°) until grenula tion sets
in, The sbove mentionsd modification is more tedious then
vacuum concentration, but its merit is the elimine tion of the
use of vasuum pans uitmthc.

5 sa tion and Recrystallizstion: The eitric acid
having been a o orystalllize as preseribed by all five
methods, its washing can be effected in a Puchuer fumel rather
than in a centrifuge, Hedissolving and concentrstion then
follow the above modi fieations; however, this simplified
procedure makes it necessary only to decolourize the selution
with charcoal, BExeess acid (sulphuric) would have slready been
taken eare of before concentration end catiéns like eopper,
lead, tin, iron and nickel” do not exist here as the work was
urrlol out in no metallic contaimer, V little CaS0, wms
encountered at this stage and if produced (azein before sp., gr.
1.300) 1t mas easily filtered, Crystallizetion follows ss
above,

f) X t Varying grades and colours of mother
liquors re epeiing upon conditions of experiment and
nature of juice, Yer s single preparetion performed it is hest
to mix, decolourize and evaporate for anether granulation, It
{: no: necessary nor worth while to repeat further erystal~

zgations,

4, EXPERIVENTAL
As & econsequence of the foregoing discussion the
following proeedure is recomnended for the preparetion of

eitrie scid on & semi~technical sesale, the amounts belng for
15 kg. of lemons as prepared in this inbomuryl

15 kge lomons {(#hout 125 in number) are sliced eseh
in two halves and the juice extracted. The whole mmss is
fil tered through coarse nuslin, giving sbout 5 1, of julce
which are conveniently stored in @ 5 1, reumi-bottom flask for
three days, The n-l.niq“ru, mare and seoed mixture is
sosked in 400 ce, wmtber, led for 15 mimutes and let stund,
£t the end of three days, 4 1, of clear juice cen be siphoned
out of the middle layer of the juiece in the flask, The pulp

18- ibid, p. 607 and (39).



is again filtered th h cearse muslin, giving ebout 350 -
400 cos liquid to be added to the mud remsinine in the flesk,
This mixture 1s next filtered through fine musling er

elterns tively, @ little filter eid is added, let stand for s
vhile, and then the n::mtont 1iquid {s decsnted and added
to the clesr juice, 1 result is about 4.5 1, of juice,

These are heated in e 10 1, container to about 70°,
egitated by an electriec stirrer, and 225 g, powiered caleium
carbons te** are added cauticusly until frothing (due to
effervescence) becomes mild, after which addition is speeded.
Duo-gutun is completed within 350 minutes, and towmrds the
end the addition of caleium earbonete should esuse no visible
resction, This is let stand over an electrie heater until the
tenpera ture exeeeds 95°,

uring this time the valolum eitrate would heve settled
to the bottom, and the superns liquid ecan, therefore, be
easily siphoned out, uoiling water is used {o vash the pre-
eipitate into @ large sized Buchner funnel, end there two other
washings (200 ce, bolling water easch) leave behind a slear
vhite powler. The yield on dry basis would be mbout 400 g,
caleium oitrate, probably containing excess caleium carbouate,

¥or the decomposition reaction the wet powder is made
into & thin paste in a 2 1, beaker with about 500 e, wa ter,
end is heated never beyond 60°, Then, while the elestric
stirrer agitates the solution, 735 0e¢.*® of H,50, (eonteining
8300 go per 1.) are slowly added, the resotion taking an hour
for completion, at the end of which the solutien would have
to be hented to 55° again, A cheok om the amount of excess
He50, may be conduoted® at this stage, After lettins stand
for another hour the selution can be very conveniently filtered
by suetion and weshed twiee with hot water and twice with cold
(50 « 60 ee, @ach) the weshings being added to the filtrate,

Altogether, there will now be about 1.5 1, of eitrie
acid solution to be evaporsted, This is done slowly in a
water bath et 60° until the density becomes almost 1.2 (the
volume about 800 ce,)s If the solution had net, by now
developed a colour darker than yellow, it is simply fi1tered
from eny erystallized ealeium sulphate, Otherwise approximste-
iy 10 g, of animel charcoal are added, the mixture stirred,
and after 15 minutes il tered as before,

l4= Assuging the juice to contain 7 % eseid, %0 snsure exeess.
15« pased on the amount of ealeium .rhu‘o added,
16« eof, (11) Pe 3514 and 363,
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Coneentrantion is continued in = one 1, beaker at &
bath tempersture of .:5" with intervening inspection of the
specifio gravity. ‘hl-, 8 hydrometer kept in & 50 ce,
measuring eylinder uﬂu whll for the routine, Heverthe~
less, at 8pe Ve 1300 (defernined at the tempersature of the
ulu‘ion) the soluiion is Mltered from any esleium sulphate
prntuiuh by slizht suetioni too strong suction often
pierces the f!lur paper because of the density and viscosity
of the solutisn,

The Tiltrate is further conecentrated (in a 600 ee,
besker) at 50 « 55° very eapefully, until the surfece or the
solution gets covered with minmute erystels, At thise
granulation noint of eitric seid, the Tlame is put obe'and
the solution leaft to sool in its weter bath overnight and then
in the refrigers tor for ancther two days, Uuring this peried
erystale of ecltrie acld form end stiek %o the sides of the
heaker %o sueh en extent tha ¢t breskins the heaker of ten hecomes
an o;;:or job of petting the erystals then scratehinz them off
the 8.

These arystals are row disselved in about 2060 ce, of
water, decolourized with 5 - 4 g, snimel charceal, filtered,
and oupmtod coutiously as before, when eitrie “td u-nt-l.-
lizes the mixture isrsgain left in the bath and then the ref-
rigerstor., The same ocrocedure is followed for removing the
erystals, which are wmshed vith very little water, pressed
between Filter paper a:nd dried at 36 - 40°, this represents
the first ecrop,

rext, the two mother liquore plus washines (adding te
about 750 oo.l are treeted vwith 9 g, charcoal, filtered, con-
centrated and erystallized as before, This u the -.und erep.
A third erop might be obtained from the resuliing mother
liguors depeuding vpon the volume and quality at this stage.

The above procedure ouxht to give the following results:

Firet erop - B3 g.
Secaend -+ = 06 e

Third " oo ﬁ I
Total eeid obtelned iy C:

mut, consijering the juice to have contsined 6% seid,
theoretiocal umun of meld present « 2885 g,
Therefore y’.OIG = 71 # ssescsssne LiFet cCrop = 32,55 ’
second " = 25,88 3
third * = 12,85 %

Or yield on juice btasis = 4,26 %,



8o CONCLUSION

This chepter preoduced & simplified latoretory preo-
cedure fer preparing eitrie seid from 15 kg, of lemons,
Using three crystsllizations sbout 71% of the aeid in the
julee could be obtained in pure form (tested by pherms-
ceutieal stendards), For smmll scale operations this might
be considered a practieable precedure but the memulecture

of oltriec aeid on & large scale is not recomiended for two
reasons:

l. Citrie scid ocontent of the analyzed lemons was rether low,
2. This methed gives,at its best, 71% of the mcid enly,




Chapter 2
LECTIN
de DEFINITION AND FROBLENM

The problems of eitrie acid and pectin arise from e
study of different parte of the same fruits, hence they are
elosely associated and supplementary. The Ltm, which is
the objeset of our studlies in this chapter, is the meore complicated
and delicate of the two, because three different aspects of the
preblem are possible, those being:

&~ Studies in the chemistry of peotins (ocomposition and
properties)
b= » ® " produetion " " (mainly from apples
and eitrus refuse),
o= " " " gpplismtion” " 4n the making of:
il Jellies.sus
2) pectates (15), protective
“‘1.1‘.....:

This intinetes that peotins meay be deffned either in
terma of their constitution, or in an empiricel fashion., We
shall edopt the latter for its simplieity and in erder to be
consistent with the nature of our problem; end, consequently
shall define the term "pectins” as representinz those vmh!':)n
products extrected from fruits by suitable means, which, in
essocistion with meid, or the meid julces of fruits, form jellies®,

Ever since their discovery by Bracoanot inm 1825, pectins
have, of ecourse, bean the subject of very thorough m-lul and
oh-lnl research, to survey which this report is not competent.
Nevertheless, it may be steted that as a result of the works eof
Ehrlich, Felienberg and Schneider in Germeny; of Camphell, Bran-
foot, Hardy, Merris, Fani and Norman in England; and of fiooker,
llu-rla. Olsen and 5w pa in Amerfce®,... wo now know that
peoti ire polyseecharides, more complex then starches but less
than & of varying c-:eatuu depending upon origin, &nd
yielding on hydrolysis: erabinose, gelecturonic aecid and methyl
aloohol, Va tion among pectins iz believed to be due te
differences in molecular size, degree of esterification of the
ganlecturonic acid units, end amount of accompanying "ballast”
material such as pentosans®,

1= ef, :.' . lo_
2~ For details of references see (5) p. 94,
3= of, “‘ Pe Se
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The nature of pectins is thus neither simple nor well
established yet; and we therefore shall confine our studies to
the pessibilities of obtaining pectin from our lemeons and
eranges, having in view

1= testing the various slready adepted methods for
preparing peetin in its produstion from lemon and
orenge peels on & amall scale,

2« utilizing the preduct in meking jellies,

3= establishing the precticability or futility eof work
on peetine in this country.

£ IHEORETICAL

The chemistry of the preperation of pectin being rether
an obscure topic, it was considered of importance to summerize
the various u"{od procedures before submitti the results
of the experiments performed, For that, the feollewing sketch
may serve to shorten an otherwise very imthy discussion;

peenlalion invacee  — PQetiR Syrup
Albede «lz/ . Solution ARBRTES
Alechol pption

{ collofdal " ']
Eleetrolytic |
Salting out >PFeotin Powder

~ The first » is thus an extraction, which must be
preceded by leaching in order te have sugers and other undesired
substances removed. The extraoct may now be concentrated in
vaouum (otherwise the pectins are hydrolysed snd decompose) %o
rduu the commercial peetin syrup or jelly steek, snd Rooker
?) desoribes this process in great detail. ilternatively,
pectin may be precipiteated from solution in the form of a powder
according te one of three prineiples:

1= Salting=out with a very seluble electolyte,
2+ Freecipitation from & solvent in whieh it is insoluble,

8- Preeipitation by neutralizing its negative colleidal charge
el ther electrelytieally or through the eddition eof an
electrolyte of opposite charge,

The uet will always contein foreisn substances like

tosans, minerals, ete,, and its ty may be determined from

ts caleium pectate yield or its jJjellying power (with reference

to a conventionsl standerd), The work carried out here is ziven
in the next paragraph,



3o EXPIRIMENTAL

%ntgn@ g‘ P;tu: In the preparation of pectin
solution poma procedure adopted was med ified as
follows: the dried peelt was passed through & meet mincer
leached twioce with water and then left in cold weter wou{ght.
The next day, after draining, the pulp wes extracted with water
acidified with 1% tartarie acid three times, using one hour
extrection periods at ©5 - 100° ¥, 1The combined extracts were
sentrifuged (using keiselguhr) to give a clear pale yellow

solution, From this solution peetin powder was prepared in
four wayst

1= Salting-out - using magnesium sulpha te®, lere it was
found difficult te control the saturation point

remove the excess salt completely end alse to rhtor
the solution rapidly.

2= Coelleidal preeipitetion - using aluminium hydrexide (40)
but not removing the excess electrolyte, This methed
was found quite simple partioularly when the of the
solution (and hence its viscosity) was controlled,

. However, the produet was soloured, had a taste end a
rather ﬁlgh ash content,

3= Colloidal preeipiteation with subsequent elimination of
eleetrolyte ~ using sluminium hydrexide and removing it
with eloohol containing 10 # concentrated HCl as pre-
seribed by Wilsen (40), The product im this case was
mueh purer and had @ lower ash content,.

4= Aloohel preecipitetion = using equal volumes of selution
and aloshol and then purifying the ceagulum with slecohol
agein (3) (5)., The result wes a pure product, the best
of the lot in quality but still conteined some starch,

The yields from the various methods were analysed

aceording to the Carre~Haynes rethod modifisd by Hinton? and
are given in Table 8,

4= Using dried peel was found to eliminate the poesibility of
rotting, Also ef, (9) p. 17.

5= Reasons for this cholce as optimum conditions are found in
(83) and (32),

6= of, (3 Pe 347,

7= ofs (8) pe. 8,



W The conditions of formmtion of peetin-
sugar-ac ellies have already been exhsusted by Tar®/dénd Myers
and Baker® in America, and Ogg*™ in Englendj Cyuess (5) and

Hinten (5) also devete chapters te the discussion of their nature,
preparation and effects of various factors (like pH) on them,

Sweh work earried in this laboratery my seem trivial
in comperison, andi theréefore only the pert tmt deals with the
Jellying tests as eriteria of the purity of pectins shall e
included here,

For the Jjellying test the fellowing medification of the
standerd (32) was adopted: & constant emount of suger, 62 gr,,
and 0.3 gr, eitric acid were used, 7The minimum smounts of the
verious pectins necessary for csusing a jelly point to appear
on eooling the selution when boiled to & weight of 100 gri,
were recorded (Table 8),

Table 8,
Yields of Various Pectins

g

Method of Yield of Jellying Test

| Preeipiteting Ash #% Ce Pectate Nin, amount of |
s Pectin 5 B i Feetin gro
Sal ting-out 16,54 ve -
: Celleidal pption 11,885 90 ‘ 1,74
Lemon | Celleidal pptien |
| . and al 5,10 o7 1,60
! i |
u 1 = ' —
' ' Bel ting-out - 14.86 (5 § -——
| Colloidal ppt., 10,21 ) 1,70
. Orenge Celleidal ppt.
| | and aleechel 4.13 87 1,58
i 'Aleohol pptien, 3,84 101 1.52
*+ > - 1
Stendard” | B.78 98 1,50
L— - - S—

8,9+ Bull, Del, Agrie, Exp. Sta, No. I.H. l". 1”. 1... 1“. 1av,
18- Dhumtiu. University of Cambridge,

* Peetin powder, Fruit Crowers Exhechange, Celifarnis,
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44 DISOUSSION AND CONGLUSION

Of the methods tested for tiw preparation of pectin
from lemon and orange albedo, the last two gave sétisfectary
results as indicated by their ash content, caleium pectate
yield and jellying power, It should be rewarked, however,
that the ash content is not considered so far s oriterion of
the purity of & pectin; as a matter of fact Table & shews ne
definite relation betwesn ash content and mleium pectate yield,
The metheod of colloidal precipitation with subsequent eli~
mination of electrolytes seemed to have been the more tedious
epsration of the two, but it had at least three adventages over
the other (mlechol precipitation):

A= Volume of liquid encountered was smeller. This has

obvieus advantages in large scale manufecturing, but
even here filtration was more speesdy,

8+ Aluminium sulphste, smuonia, aleohel and consentrated
HC1 were needed in nhtlniy small amounts, hence the
decreese in expense,

3+ The eleetrolyte could mot be lost by eva tion, end
henoe the r:rnﬁn wae less delicate, It could alse
be receve by erystallization quite essily,

Nevertheless, if eloohel (or smy other such preei~
piteting sgent like scetone) be easily aveilable and cheap,
and its recovery be contrelled, by careful operation, them its
nt::a"mu have the adventage of yieldins e prﬂno% of better
que .

At this stage the investigation hed to stop end the
choice between the two methods remeined undecided pending the
publication of further information om the subject.

In coneclusion, then, we mey summerize this chapter as
follows:

1+ The snalyzed lemons and oranges gave both good yields of
peetin, that of oranges being slightly superioer,

8= Pectin may be p red succossfully from the fruits either
colloldal n::;;ulﬂon (with subsequent elimination of
eleotrolyte) or by precipitation with sloohol, .

3= Turther investigation in this field is worth while,
4= A persomal opinion of the writer is that elevwtrolytie

precipitetion should alse be seriously considered, as it
vill surely come inte use one dey,
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