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INTRODUCTION

TEE CAROB TREBRE.

Original home: The Jarod tree* is sald to have origi-

‘ nated in_&rricé and was later grown
in Egypt*. According to 4lphonse de “ondolle®, its
origiml home was around the eastern end of the
Medi terransan, including the southearn cost of Asis
Minor and Syria, and perhaps Tripoli. TIts cultiva-
tion began in historic times and was diffussed by the
Greeka in Italy and Greece and was carried by the

. Arabs west as far as Spain and Moroceo®, According
to Celsgius*, no tree is more frequently mentioned in
the Talmud, where it is stated that its fruit used to
be given as food to cattle and swine. Pliny amd
Theophrasius mention 1t as a native of Syria, In the
New Testamnt it is identified wi th the "husks"™ eaten
by the prodigal son in the perable Luke XV,16, By
some 1t is taken to be the "Locugsts™ esaten by John the
Baptist in the wilderness, whence the english hamas
Locug t-pods and St. John'*s Bread,

*41so called: Caroubier (Fr.}, Carrube. (It.), 4lga-
1('oba {Sp.), Kharrub (Ar.)}, Khirnuh {Per.}, Yohannishbrot,
Gorele

LBustani - Datirat Al-Maarif (Arabio Enoyclopedia).
8The Origin of cultivated plants,

®L.H. Bailey, The Standard Cyclopedia of Horticulture,
vol. II, pp.717-718,

43, Kotto, The Oyclopedia of Biblical Literature,
val. I, p.403.
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Nems: In Arabic and Syrirc, the tree derived its name
"Kharrub or better Kharnub™ from the resemblance of its
fruit to a horn*, Similarly, by ancient Greeks such as
Galen, Strabo and kegineta the tree is called (Kc-.vi?fu
keratia 1, e. little horna. According to Celsius Modern
Greeks have eonverted the ara‘bié name into (.:(a’,?o;:,aeq
Karouba and the Spaimpards into Garroba and Algaroba®,
The generic hams Ceratonia Siliqua 1s due to Linnaeus.

Taxonomic Study: The tree belongas to Femily "Leguimosae™,

sub-family "Coesalpinaccae®™, Genus "Ceratonia and speoies
C. Siliqua Limn., of which smcies it is the only member,
However, centuries of cultivation, selection aml breeding,
in different soils in the various regions of tl® Mediter-
ranesan basin, have produced & number of varieties with
various characteristicse which are propogated by grafting
and budding. The tree is found as dioceious and as
Monoceious or hermephrodite., It is avergreen, grows to

& helght of about fifteen méters with a fine hemispheri-
cal comus or top, and about 10 meters in diameter of

branches.®

*Bustani -~ Da*iret Al-Maarif (Arebic Encyclopedia).

3F. Kitto - The Cyoclopedia of Biblical Literature,
701. I’ p.4°3.

3@, Post - Flora of Lebanon end Syria.



The stem: 1s exogenous, large and woody, arboreous,
erect and perennial, The branches are usually very short
and break with ease. The leaves are of the al ternate
type, pinnately compound with three to five palrs of
leaflets, usuelly four. These leaflets are oblong,
obtuse or obonate, frequenfly retuse, with a reticulated
vefiation, & ooriaceous, leathery, texture and dark green
in cclor on the upper surface and light green on the
lower surface, Inflorescence is lndetermimate, with
short racem?s solitary or clustered along the yesr old
branches, The flowers are irregular, diocaous or poly-
gamous, but not papilionaceoug. The stameens are five
on a top-shaped calyx having five dentiform deciduous
segments., The fruit is a long, flat, leathery, ;ndi-
hescent, horn-like pod containing numerous brown, hard
seeds embsdded in pulp. This pulp has a pleasant

sweetish flavor and a charecteristic odor.

Distribution end adaptability: At present the tree ia
indagenous to all tha coastal regions of the Medlterrae-

nean. Dr. Fairochild, in his book "Exploring for plants”
says: "Carob forms one of the most pioturesque trees
with which the limsstone cliffs of the Mediterranean are
dotted". The tree hugs the seashore regions as it ia
éaaily injured by frost and severe cold. In this
respect it is more resistant to cold than the orange

and citrus trees but lsss than the olives, Its long




root system added t its small water consumption, meskes
1t a strong draught resister., It thrives well in eny
s0l1l end all localities where there is not much humidity.
Its abllity o stand atuse 1s described by J. Russell

Smi th in his book "The Crops 8 Permanent Agriocul ture©,

He says; "after lavwing travelled through the careod
districts of Spain, Portugal, and Algeria, I wonder that
many of the trees can yield at all, so sheooking is the
treatment ¥ which the soil has been subjected for sentu~

ries™.

Presant Status in Lebapnon: IXInr Libsnon the tree 1s found

alm st always self-planted, soattered at random in rough,
rocky and unplowed land. If by chance seedlings happen
to appear in good aoil, they are imediatsly uprooted

or trensplanted to border areas where they do not handi-
cap the growth of other trees, It 1s not long ago since
in various villages of Lebanon, a bilg landowner wes
willing t0 give to any fad lah half owmership of the wild
treea, that incidentally grew on his land, for merely
budding them with good varieties. & large number of the
trees that mturally grow on the rocky hills and mountgins
of Lebanon, and that give them an evergreen remarksable
appearance, are up to the present wild, unproductiva ani
annual ly pastured. “YElim Ll-l[harrﬁb" is & district in
southe rn Lebanon comprising about ﬁ.fteen villages, was



80 named due tv the great asundance of the carob tres
in that locality. Today you may find anything else

more abundant there than carocb.

Culture: From seeds the plant grows in one or other
form of the wild variety. For greater production anmi
batter yield grafting is necessary. Three or four
years after grafting the young tree is saidt* to yield
from four to eight kilos of carobs. After six to eight
years the yield is raised to about 5Y kilos. When it
bacomes fully ma ture, and that is not in less than
twanty years, 1t may yield up to 500 kilos, depending
on the oere and attention given to it.

In Lebanon due to the great neglect of the tree
the yield rarely reaches the above flgures., As a
rosult of many conferences with several leading produ-
cers I was told thet an ordimry carab tree yields about
100 kilos of carob, a very good tree yields 200 kilos,
and an unusually good tree yields up to 300 kilos,

It may be worth mentioning that "Du Breuil gives
the average yield at 100 kilos, in Southsrn E‘r&ﬁoe and
mentions single trees in Valenocia Spain that produce as

high as 1380 kg.a".

‘Rothea - Caroubier et saroubes, Bull. de Sci.
Pharmacol. 28, 369, 1922,

®*1.. H, Bailey -~ The Standard Cyclopedie of Horti-
culture, vol. II, pp. 717-718.



Production: Cyprus has been for a long time the
leading producer and exporter of Carob. Sicily comes
next and other producing countries ars Italy, Spain,
Algeria, Tunis, Palestine and Lebanon, Figures on
the annual production of carob in Lebanon are to be
looked upon with reservetion. Govermment records on
the subject are wanting, and reliable estimates are
difficult as carob trees are in most cases grown
helter~skelter in chance and irregular localities of
the seashore regions. However, several leading
desalers seem to agree on an approximation of fourty

to fifty thousaml tons of yearly production.

Varieties in Lebanon: A4side from the wild tree three
cultivated varieties, noted fﬁr their high sugar
cdntent are found in Lebanon., The first is commonly
called in Arsble "Khishabifm 2"~ " maaning woody,
the second is "Mukaydsi® " < e ", Probably from
the original relation of the stirain to Jerusalem,

and the third is "Sandeli" * >.e®, The Khishabi
carob irse is characterized by its blg, broad leaves,
its long new shoots, and its high productivity.
About 70% of the carob yleld of Lebanon comes from
here, Its ripe fruit is a long pod 20-30 cms. in
length, 2.3 - 2.7 oms, in width and .8-1.2 cms. in
thickness., It is hard, dark blackish in color, with




a2 smooth but twisted surface. The "Mukaydsi™ carob
tree is in general more resistant to climeate and
temparature changes. It has smallier and mrrower
leaves and far shorter new shoots. It is nearly
half as productive as the Khishabi type. Its ripe
fruit is a shorter pod 10-15 cms. in length, 2.3~
2,6 oms, 1n width and 0.7-1 em. in thickness, It
is brownish bronze in color and has & smooth shiny
surface. Its tenderness added to 1ts higher sugar
content makes it more delicious th eat, by the
Lebanese Mountaneer as a carbohydrate foodstuff,
than the other two varieties. The "Sandall™ carob
tree is very similar to the "Mukaydsi®™ tree., The
strain couwld grow directly from the seed though 1in
most localitles in Lebanon it 1s budded on the wild
variety. Its pod is 12-20 cms. in length, 252,65 ems.
in width, and 0.6-9 cm. in thickness. It has a
lighter brown color than the "Mukaydsi™ pod, but a
larger number of closely parked seeds. The "diba™
that is made from it is far superior in 1ts color

and taste to any of the other varieties.

Uses: 4ll the parts of the carcb tree are useful
and are more or less utilized. Its heavy, mrd, and
atrong wood with its ma tural mosaic appearance makes

it serve very nicely for ormamental pieces of
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furniture and inside finish of houses. Its leaves
as also the bark are useful in tanning. A water.
axtract of the green fruit, which is highly asirin-
gent in taste, is used for curdling milk in prepa-
ring a delicious mative food product known as
"Mikkayka®,

The ripe fruit, with its high sugar content,
has been used since olden times as a forage crop for
pigs and swine. 4s a human food, it was always
disesteemed and only eaten by poor psople in cases
of axtreme necessity. Luke the evangel ist was
trying to show to what state of misery the prodigal
son hed reseched by sating it. "In ancient pharmes-
copeas we find carob under the mame of siliqua duleis.
It was administered as pectoral decoction. By the
arabs it was highly looked upen &8s & medicine againat
Bronchitis®*", As a meal it is eaten with abidity by
all kinds of stock. D.ring the last World Wer large
quantities of carob were given &s a regular food for
the horses of the Zngliish Army in Palestine.
Nowadays, large quantities of carob are annually used

in the United States to rlavor chewling todacco,

fRothea - Caroubier et caroubes, Bull. de Sci.
Pharmool. 29, 369, 1922.



Roaated pods are used in some countries as coffee sub-
stitute, In Spain it is used in preparing a kind of
cheap ohocolate? In most countries the greater
gquantity of carob goes to preparing syrups, molasses,
fermented drinks, and alcohol., In Lebanon 90% of

the carob used in ths country goes to making "diba",
the rest goes mainly t the fermenting industries for
making alecohol. In Italy 1t 1s claimed that they havse
developed an industrial method of extracting sugar
(pure suorcse) from the poda®., It is not

improbable that further raseerch may put carob as

a strong rival to cane and beat sugar; knowing

that in the fruit of some of the good varieties we
find doubls the perocentage of sugar as we find in

the best canss and bests.

It is said that oarob seeds used to be the
"earat™ employed by Jewsellers in weighing silver and
gald, At present they find & market as thickening
gels in the textile industries and especially in
calico printing®,

G, Tagliani - Society of Yyers and Colourists,
14, 344, 1929.

%G, 0dd - Annali D4 Chimica Applicata, 26,
Fasoc. 1, 1936,



- 10 -

Preservation: Two things have to be guarded against

in the preservation of carobs, ZFirst, the various
kinds of perasites that penetrate the fruit and

start the destruction of the pod rendering it often
comple tely useless, Seooﬁd, moisture which if above
15% helps in starting fermentation. Combating the
parasites, accordipg to Rothea, could be effectively
accomplished by fermigation with either carbon tetra-
chloride or chloropierin in a‘dose of ten to twenty
grams per cubic meter and a contgct of 24 to 48 hours,
Dessiccation to 60° or 70°, on the other hand, besides
taking care of the factor of molsture, also helps
very much in killing the parasites.

Composition of Pod: Reinsch and Volcker reported as
early as 1864 the presence of glucoss, gum, albumin,
tannin, pectin, chlorophyll, fat and starchy materials,
Around 1892, Heckel and Schlagdenhaufen found, 18%
glucose, 328 sucrose, gum, tannim, pectin albumen and
34% oellullsse, Muntz in his work "Composition chimi-
ques des Caroubes™, gave the following figures: .

16..5$ LR R BN NN EENRNEN S ] nt’r

4.3% ni trogenous matter
14.3% glucose

30,14 suc rose

0.54 fat

32.1 othaxy 4different

carbohydrate material
and celiulose
2.2% mineral matter or ash,
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Around 1900 M, Balland started a thorough
study of carobas of the various poducing countries,
Tha results of his analysis appeared in "Journal
de Phammole et de Chimie" en 1904, His Tesearches
constituted the most complete work on the subject
up to that time. Some of his figures are given
in Table I.

Batween 1920 and 1930 several BEuropean as well
as Ameriocan chemists mde a large number of ana-
lyses on carobs of di fferent varieties and districts.
Chiefly meted among the se are Rothea, Condit, Jaffa,
Albro, Walton, Sanchez, Nater, Some of thsir
results are attached in Table II, fa comparison and
reference,

Adround 1933, a group of Italian chemists, Oddo,
Algerino, Ribon, and de Fonzo, stimulated by the idea
of advancing an imustrial msthod for extracting
oryatalline sugar from carobs, made analysis of 48
different samples that came from all districts of the
Modi terranean basin and vicinity. Their work bssides
being the moat recent and most complete on the
subject is done by modified analytical methods adapted
to the complex composition of carob, Selected repre-
sentations of thelir results are given in Table III.
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From Table III, a few points are worthy
of observation.
1, The percentage of seeds in cultivated varies
between 5 to 15%, reaching a maximum of about 264
in the wild omes.
8+ Most carobs are richer in sucrose than in glu-
cose although that is not sl wmys the oase,
3s Carob i1s richer in sugar content than canes
and beets. The percentage of total sugar in some
of the good wvarietlies 13 twice &s high ag in the
best canas and beets,
4, Semples number 41 and 42 rermresent the two
common carob varieties that are found in Lebancn,
Numher 41 1s the "Mukaydsl®” variety and Number
42 18 the "Ehishabi variety". The two varieties
record the highest percaﬂkage of total sugars
among all the 48 samples analysed, Such a faot
is highly encouraging and is of outstanding im-
portance in a study aimed at utilizing oarob

for its sugar contents,



THE PROEBLEM

The carob tree 1s a highly productive tree
that does not need much agricultural sttention.
It thrives well in those areas of Lebanon that
arg rocky ani suitable for nothing else, Besides
value of 1ts crop, encouraging its plantation,
(1) saves those slopes that are suffering erosion
wlth every shower of rain, {2) utilizes the wasted
natural soil resources, anl, (3) converts the
barren geashore hills to evergreen groves of pictu~
resque appearance,

However, these considerations doc not appeel
very much to owr poor fellah, His attention is
Tfocused arouni those crops thet give him a
gensibly good revenue. The ocarcb Iree would not
recslve more of his time or care until he is
convinced thet he can get 2 crop that will find
& better merket then the ome it has been having
up to the pressnt time,

I have already mentioned the fact that about
¢0% of the ocarob produced in Lebanon goes to
making ®*didbs", This 1s a thick, dark and opague
syrup made by concentrating on direct fire ani
in & very crude way, a water extract of the
orushed pods, It is locally used by the poor

mountaineer as a sweet foodstuff, It is cheap,
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and 1ts market is poor, as it lecks all of the
marke table qualities that characterize commer-
cial syrups and molasses. Its chief drawbacks
are: (1) Its uwatdractive opague black colbr
{2} Its rank taste,
{3) the lack of uniform consistenoy.

4s 8 first attempt to study the industrial
possibilities of carob, I have limited my investi-
gation to trying to improve this o0ld and native
product, with the idea of presenting it to the
market as & syrup of standard quality, of atirac-
tive color and of & characteristic pleasant taste,.

I hope, however, that the chemiatry department
and specially Professor H. W. Close, will keep up
thls 1interest in carmb, and will help to extend
more rigorous research to the variocus problems,
scfentific or technioal , that 1t presents, Garob
analysis has aiready revealed inxdustrisl potentia-
lities that are highly promising, & soientific
study of suchk potentialities, will not only be
reocoived with gratitude by ow fellah and our
g@verament, but also by every person who loves
his country, who likes Lebanon, anl who likes to
ses that every bilt of its soil, rock and hill contri-
butes and adds to its mtural heauty and to the
sonfort and happiness of its people.
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EXPERIMENTAL PART

The sxperimental part includes six meln cpe~
rationat crushing, extraction, classificat®lon,
decolorization, oconcentration ani keeping.
BExhaustive study of each of these operations and
of the many tactors tha t enter into every one of
them 13 beyond the time that I could put on my
problem., The little that was done 1s given in
the folleowing pages of this paper.
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CHAPTER I

CRUSHING

Carob would not have pressented a orushing
problem of its own had it not been for the fact
that the sugar in the pulp has the consistency of
thiok molasses. When the pod is crushed it
become s very sticky, cakes and looks like vulea-
nized rubber., Its sti cking to parts of grinding
mechines interfered with several attempts at
simple and successful crushing.

The first trial in grinding carob was done
with a sm&l) laboratory grinding.mill, having &
sieve of 7mm mesh, and run by a directly connected
electric motor of % H,P., 110-220 volts, 60 oycles
anf a single pha se and 1125 R.P.M. Although this
mill was used for grind ing many substances that
are much harder than carmb, 1t was found unsuitable
for grinding the latter for three main reasons,
First, oarob pulp stuck tightly between the knives
of the mill and offered great resistance to the
running of the motor. This necessitated stopping
the motor end clsaning the mill after grinding of
every half a kilogram of caraob., Second, the seeds
wore orushed anml mixed with the rest of the pod.
This meant, aside from the loss of the seeds which

have their own separate market, the introduction
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of many foreign substances, of geletinous and
colloidal nature, into the sucrate material of
the pod. Third, the cmsmd product was so
rinily ground that its perticles packed together,
on the addition of water, This preventing
uniform, rapid, apd free diffusion of the water
through the pulp during the extraction period.
As a result extraction of the sugars from the
variows layers was unequal amd incomplete.

The second machine that was trisd was a
hand run Olive seed orusher of semi-lndustrial
size. It has movable spikes that are a&djustable
to give three different sizes, Through the tw
ls rger sizses, oarob pods passed out praocti cally
unchanged. Through the smallest, howsver, the
seeds were crushed ani mchanical difficulties
due to sticking wers quite pronounced, So this
maiing was also imadegquate for grinding carod,

Finally, msort was taken in a centrifugal
mﬁat chopper of 1 cm, nBsh, directly connacted
to elsctric motor of 1,1 K.W., 110-190C volts, 324
R.P.M. ;nd 3 phases. Ixoept for its frailty for
carob, it worked very nicely. The knife blades
of a central, cirocular, moving disk, rotated the
pods ageinst & vertical cylindrical surface having
2 large number of slongated openings with gharp




edges projecting inward. The carodb pods were
directly chipped out leaving no chance for their
packing in and introducing the usual sticking
troubles, The seeds went out this time not only
uncrushed but were also centrifuged away from the
pulpy material, because of their greater weight,
This served as a simple practical method for

" their seperation from the other oconstituents of

the pod. However, the size of the particles was
8till finer then necessary and packing during
extraction, though less than before, was still an
unnssolved problem., As no other grinding machines
were available, and changing the sisves of the ones
we have for others of larger mashes waes practically
impossible, with the facilities that were at our
disposel, I hed to menage the work with the least
equipme nt that we have gotten., Henoe, the paocking
problem was partially remedied by oocasional

stirring duwring the extraction period,

CONCLUSION:~- Crushing carob for ths purpose of
extracting itz sugar®, could be satisfactorily done
by a chopper similar to the one I used., The mill,



however, has to be of a stronger make, comnnected
to a more powerful motor, and has to have sieves

of larger mesh about 1,5-2 cms,

*In grinding Algaroba to be used as a meal
for animals Ben Williams of the Hammiian Commer-
elal and Suger Company suggests heating the beans
to & temperature of 8600 to 800°F,, by superheated
steam in a rotary kilm, This converts the sugars
which are found in = state of molassaes to a so0lid
and dry substance that can be easily crushed,
However, such a procedure cannot be appllied in our
case ag high temperatures introduce color troubles
_which are, already and without heat, quite serious,
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CHAPTER _TI.

EXTRACTION

Aim: To find the proper conditions umier whioh the

maximum quantity of sugar, found in carob,

could be economiocally extracted.

Factors studied: The variable factors that were

taken into cansideration were
four: (1) Tempereture (2) Proportion of sclvent
to carob (3) Time of extraetion, (4) Number of
extractions.,
The solvent factor, on the other hand, was
kKept oonstant, taking it for granted that no
other solvent could economically compete with water

in a work such as the one I was undertaking,

l. Temperature. G. Oddo, who is oredited for a
good desal of work on carob, has

found that more sugar is extracted at 30°C than at

75° - 90° C. W. Kroner and H, Kothe have found

Linnali a1 Chimice Applicate 26, Fasm. 2, 1936.
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that pure glucose solutions are discolorjed at
high temperatures and thet the discecloration was
related to the PH of the solution.2 Morover,

if comparison is permissible and could be carried
at all to sugar extraction from canes, Muller Von
Czernicky has found that there exists no di fferencs
between cold aml hot masceration®.

As a result of my work, extractions at tempe-
ratures higher than 80°C, were found objectionable
from three points of view: (1) High temperature
developped an undesirable darkening in the color
of the extract. (2) It introduced more gummy
and non-sugar material into the extract, ocausing
i1t to beoome more impure and mors troublesome to
clarify. (3) It added the fuel expense involved in
heating the weter used for extraotion.

All the above consideratlions definetly define
the factor of tamperature and puts room or low
temperature extraction as being more advantageocus

than and preferable to high temperature extraction.

*Jour, Ind. Bng. Chem. 31, 248, 1939.

. ,
Archif Voor de Java Sukerindustrie 174, 1899.



2. Proportion of water to carob:

Preliminary work on extraction with water
to carob welght ratios of 4:1 and 5:Y and an
extraction pericd of 1,2 or 3 hours gave the
following results:

TABLRE IV

-

Proportion of' Time of ex-:Color of ex-: Tunporatura Total sugars :

¢ of
$ extraction

a8 =9 aw

wmter to ! traction 1n-trn3t ngi- ‘ as lnvert,*®

carob : hours : .
$ : 3 3 s 0 :
: - 481 : 3 3 - 3 37 ¢C : 12% 3
S : 2 s : :
: B3l H 1 $ - : 17°¢C ! % s
H ' 3 3 : ! :
: , 521 : 2 $ - : 25°C : 11% s
s H H : : o3
$ B:1 : 2 $ - : 18°C : 10.5% ¢
: : : : s :
¢ - 5:1 : 2 : 5Y, 1.3R : 17°0 : - 3
$ : i : : :
! 8:1 3 2 $t 87, 1.4R : 18°C : - 3
t : s t : 3
: 5:1 3 2 $ 4.8 Y,1.3R 3 13°¢ : - :
$ 2 $ : _ : g
s 85 $ 2 :t 5Y, LSR : 15.,6°0 - :
$ : 3 : : :
: : $ $ 3 :

The extracts, as seen from Table IV, had
their sugar comtent fluotuate betweean 9~12%,
and their ocola vary between 4,6-5 Yellow and
l143-1.5 Red. Being of that dilution anm¥ of
that light oolor they showed no di ffieulties in
subsequent operations, of riltration, alarifi-
dation and decolorization. 8o, wik was directed
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hext, at getting more concentrated solutions,
In accomplishing that, the first thing thet
was tried, was the possibility of extraction
by miltiple diffusionh batterie s, a procedure
that is commonly applied in sugar extraction
from beets.

500 grems of erushed carob was put in a
thin linen bag amd allowed to diffuse with 2
liters of water for tiree hours at room tempe-
rature (16°C). The diffusion juice was then
drawn off and poured upon 500 grams of fresh
carcdb in e secoml bag, Here also diffusion
went on for three hours after which the en-
riched Juice was drawn off and poured on 500gr.
of fresh camwd 1n a third hag., After another
three hours the ocomxentrated juice was
drained off and tested for its color and ease
of filtration apd decolorlzation. In the méan—
vhile, two liters of water were poured over
the residue of Bag I &nd allowed to diffuse
Tor three hours then drained ard added to
bags II and III successively. 4 third similar
extraction with one liter of water followed
the previous two., The results are shown in

datail in Tablas V,



TAHLE V.

| I vol ¢ Extract recovefixtract -reco- Extract reco~(Extract Hooo.._ !
Rumb o1 v O red from Bag |vered from vered from ered from 2pd.
of water I and put on | Bag ITI and Bag III ction of
Extraction | ool carob in put on carochb & 2L g III and put
raction | 4, Bag I. Bag IT. of Bag III. n fresh carob
: n Bag IV,
b welk & B e o o ot o w.o. .
. ® - [ 3 -
~ oo.aw.noo -0l 81°2 [ehd]r 81°9 v o
o s g0 ma.& gl m 448 |3 m.m LAV A
. ok g8d ,m_m gd 158 o |95 ne ok nrmpnmm
a1 m*v JBES @R IS” |AST|RER 1™ 18R mES
_ »_P _
First 2000ce 115000 8 [14,40000{ 13 | 23.5 650 18 | 32.8

Second | 20000¢ {1940 B 98@& 5| 9 LsSO] 9 |18,8] 1360| 15

Third 10000¢ 960 0,6 | 1 950 1 1.8 040] B | 3.6
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The 65000, of the most concentrated
extract was found io contain about 30% of
total sugar, and toc lmve the following
color: 30 Y, 7.5 R, 2 B, On defecation
with Ga(OH_), at 40°C, its color got
practically btlack, it filtered very
slowly, and 1t was not possible, with any
reascnable quantity of carbon to decolo-
rize its The 1850cc of julce recoverad
from the TInd., extraction of Bag ITI,
when put over & fresh quantity of carodb
in Bag IV, was found to have 2 deeper
color* than the 850cec solution of the first
oxtraétion, though the percentage of suger
in the former was still less than that of
the latter. Obviously, in the second ex-~
tractions coloring material was increasing
faster than sugar., If work were extended
similarly into the third extractions, until
the percentage of gugar was nsar that of
the first extraction, the situation would
probably be worse than that of any of the

previous cases, Such a complicated system

*Its actual olor was not determined as the
tintome ter did not posess sl ides of deeper
color.
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of extraction with so many dissdvantage was soon

disoarded as being sconomically inapplicable.

3¢ Time of Extraction.

The seconl attempt at getting & cbncentrated
extra.oti on Julce was done by decreasing the water
to oarob ratio from 4:1 to 2:1. 'Iﬁis ratio
could not be reduced any more as with i1t the
amount of water wes just enough to cover the carob
after 1t had adbsorbed a good deal of the solvent
and gotten swollen., While studying the various
properties of the new extract, the influence of
the time factor or ths rate of extraection was
slso noted and recorded. X

500 gr; of ‘caroba was mescerated with one
liter of water for three hours at room temperature.
The julce was then drairmed off, The partially
extracted residue wes, after rimsing with wmater
to remove any Julce hanging to i1t, again masce-
rated with one liter of fresh water., After an
elapse of two hours a 200cc sample of the Juice
was taken and tested, The rest of the juloe
was removed after another hour and &l so tested,
The resﬁlts of the wvarious tests on the three
extracts are shom in Table VI. |
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TABLE VI,

Pirst ‘Second ‘Second

t ot ‘Extract
Extraot, Bxiract o er 5

rhe s se ve o»

(as reducing) by volume
of juioce.

3 3
H H
;s hours. ; howrs. ;
‘ Temparature of extractiod 260 | 250 ! 280 ¢
! Yolume of juice received: -3 : :
3 ‘ in ce. : 600 + 200 ¢ 800 H
: : : : :
H Densit¥ of juice (Water-: : : :
: 7phal's balanoce). -~ 11.0810 :1,0176 31,0192
: Bquivalent Brix degrees g 19,6 ; 4,5 g 5 :
! Koidity of the juice* | 2 f 0.4 : 0,55 :
s . $ : 3 : 3
s Color (In Lovibond units:20 Y,4.5.4.86 ¥, .4,6 Y, .
. R, 1s80 B]1.4 R, (1,5 R, .
: ‘0.6 B. ‘0.6 B, °
t Percentage total sugar 17,79 4,13 ¢ 4,72 ¢
3 : 3
s : 3

by TR e B A

»h "B 4 aw

*Measured in number of cos, necessary to neutralize

25ce of Juice to phenolphthalein ocolor,
Discussion of results:
l, Sugar: Most of the sugar found in carob 1is
extracted during the first extraction, most of
what remains is extraoted during the first two
hours of the second extraotion, while about 0.6%
only, is extracted during the last hour (third
hour) ot .the second extraction, The third extract
was tasted and 4id not teste sweet so0 it was
decided not to use it,
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2, @_J_;_g_g: The greater part of the coloring
material came into solution in the
first extraction, However, although the color
of the secoml extract after two hours was
nearly the same as after tilree hours, coloring

material eontinued coming into solution in the

third fourth and fif th extraction and long
efter ths residue had been exhausted from all

its sugar.

3, Filtration: No filtration difficulties
were ilnwlved even in the

most concentrated extract,

4, Bumber of Extractionss From wat has been

sald, it 1s clesar

IR L . " o ot g et 58 o R ) bt 1 et v S e L e s et o
it TR SR P IR FUR, SR R TN RN Ty S s L Cneae s, Pl et S PSRRI I

that with two extractions of three hours dura-
tion eaoch most of the sugar in carob comes
into solution, However, .if the first and
seoond extracts were ocombined together for
further treatment, they would constitute &
d:liute solution containing only from 10-13%
sugar,

With the idea of trying to 1limit the number
of extraotions to two, measures wers directed

at getting a more oo ncentrated second extract,
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before comtdning it with the first, This
was acoomplished by two ways: (1) In the
seconl extractl on the carob to water ratio
was changed from 1:2 to 1:1., This was
possible here as no appreciable quantity

of the solvent was absorbed by the carod
during extraction. {(2) Tha Juioce cbtained
from the seocnd extractions was used once as
a solvent for the secoml extraction of ano~
tier batch, The resulting extract contained
now fran 8-10% sugar, anl when combined with
first extracts gave a fairly concentrated
solution containing from 14-15% sugar.

The residues tla t remeined after the
second extraction were mot totally exhausted,
and contained a very amall percentags of
sugar, However, no further endeavor was
attempted at extracting that smell quantity of
sugar for two raasons: (1) The residuss were
intended to be used as cattle food and a small
quantity of sweet ma teriel, besides increasing
the nutritive value of the meal , it wuld make
it more palatable and appeti zing to the animals,
(2) The solutions produced froam fur ther ex-
traotions, aside from containing a larger pro-

portien of coloring mmterial than sugar, were
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were too dilute end the expenses imvolved in
evaporating the extra amount of solvent, are
greater than the actual value of the sugar

extraocted,

Conclusiont Two extraoti ons at room-temperature
and of three hours duration eaoh
wald suffice to extract most of the sugar
found in carcb, In the first extiractions the
ratio of ocarob to water is 1:2 and in the second
1:1. The juice obitained fram the second is, for
economy, better used as a solvent in ssocond

sxtraotion of another batch.,
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CHAPTER TIII.

CLARIFICATION.

‘&: To free the turbld impure juice, so far
as 1s practicabls , from all non-sugar
cons tituent s, both dissolved and suspended;
without spending too mich on clarifying-agents
and W thout alteration or pre cipitation of the

sugé rs themselves.

Clarifying Agents: Preliminary work using

several chemical as well

@8 physical clarifying agents such as: lead
goetate, lime, alumina, calcium carbonate,
magnesia, dlatommoeous earth, has shown that
lead acetats and 1ime were the two best defe-
cants for the twb.‘d'ourqb juice. Although
lead acetate removed more of the foreign consti-
tuents including the coloring matter, than lime,
its use as & promising commercial defeocant was
soon given up because of its expense and more,
because of its poisonous character and the
dirrioulty_involvod in its complete séperation
from the clarified juice,

Defecation with lime had early revealed
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the following facts: when used in smll
quantities, the acids, gummy matter, albumen
and suspended impuri ties were imperfectly
_precipltated and the sediment or much settled X
very slowly, With the use of larger quantities
of lime the impwl ties were easily precipitated
and settled quidkly, but in that highly elkalins
medium part of the sugars were precipltated with
the impurities and part, especially the reducing
sugars, were decamposed imparting to the clear
Juicé a very uniesirable dark color during
 evaporation in later operations,

So the experimental work that was done
next, aimed at determining the emount of lime
that was mecessary to precipitate as much of
the foreign materials as possible without

ettacking the sugars,

Experime ntal: Two 1:2 first extracts, having the

following properties, were defe~-

cated with different quantities of dry powdered

Ca{OH)g.

Extraot I. Extract II.
Density of th® Jjuice 1,081 1.0844
Equivalent Brix degres 19.6 20.4

Aeidity 2 g
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Extract I. Extract IT.
Total sugar 17.8 is,S51
Color 20 Y 20 Y
4,5 R 4.5 R
1.5 B 1.7 B

50cc, portions of Extract I were pivetted
into each of five 100occ, volumetric flasks and
treated with the quantities of lime indicated
in the table below. 1l00ce. portions of
BExtract II were pipettsd into each of six 100ce.
- volumstrice flasks anmi treated also with the
quantities of lime shown in the table below.
All flasks were shaken with the Ca(OH), and put
in a warm water bath at a teamverature between

45-55°C*, for one hour. The solutions were

*According to Geerl ings, the destructive action
of 1ime on reducing sugars is greatly hastenad
and impreased at high tempsrature and in an alka-
line medium, Comequently, if defecation is
carried out at temperatures higher than 88§°C,,
the oalolium salts of the reducing sugars undergo
spontaneous decomposition changing the clear~
juice on evaporation to & carbonaceous mass having
a very acld reaction due to formic acid,

I had experience of this phenomenon in one of
my prelimirary experiments on defecation.

H.C, Prinsen Geerligs:= Cans Sugar and its Manu-
facture 153, 1909,



-37 -

taken out of the bath, smken vigorously, and
cooled to room temperstwe, Then all the
flasks were left b settle overnight. The next
day the solutions were filtered fram mucky sub-
< stenees, the much washed and then filtrates
were made up o 25Q0cc, 5Qcc of each of the
diluted Juices was talen and hydrolyzed for 5
minutes with 10c¢c of HCL, (sp.gr. 1.103) at
70°C for determining. its total sugar, The solu=~
| tions were immedis tely cooled, neutralized with
20% NaOH solution an¥ mede up to 100ce. Sugar
was then determined by a modified Fehling's
procedure® using methylene blue as an indicator,

The results ere chown in Table VII.

TAELE VII. Bxtract I, Extract IT.

Number:Welght of :Percentage
of :Ca(OH), tof sugar
Flask ;used in tin defeca-
trdefecati ng sted julce.

:100cc Juicegy

Number iWelght of :Percentage
of :Ca(0H)g tof sugar
Flaskiused in :in defaca-

tdefecating tted juice,

$50c0, juloce!

: t - $ : 3 : :
: 1 : 80 nmg. H 17.8 : 1 : 200mg : 18.5 H
: 2 t 90 t 17,75 : 2 : 220mg H 18,5 :
$ 3 2100 " 3 17,7 t 3 s 240mg ¢ 18,55 H
: 4 t 110 " H 17.8 r 4 : 260ng H 18,5 H
: 5 $ 120 " : 17,8 : & : 280mg : 18.45 :
H H H : 6 H 400mg H 18,95 H

*A. 0. A, C, Mothods of Analysia, 4th, ed,
P. 477-478, 1935,
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Observations and Discussions:

{1) The 80 mg. of Ca(OH)g that was used

in flask (1) of Extract I, was a little more
than the exaoct gwuntity of lime that is necessa- NEE
ry to neutralize the acidity of the solution,

the latter belrng 75 mg,.

{2) During the filtraetion of the defecated
jutces, from the wvarious stoppered flasks, &
distinct clange in color was observed. From a
clear brown color the filtrates develoved a

dark bluish black color, especially on the sur-
face of the solution. A similar phenomenon was
also observed when the filtrates were shaken
vigorously with air, however, here, the dark
bluish colar did not persist very long and with
standing for some time the solutions, nearly reas-
sumed thelr previous brown color.

(3) The color of the defecated juices decreased
gradually with increesing quantity of lime,
Solution (1) of Extraot I had the darkest colar
while solution {8) of Extrect Il had the lightest
color. Moreover this last sblui_;i on did not show
change or darkening in its color, on exposure to
alr, during filtretion as all the rest,.

{4) Up o 0.4% of lime, the sugers werse not yet
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affected and the soluti ons showed the same
percentage of sugar, after defecation, as
in the original juices.

In view of the fact that: (1) Increa-
sing the quantity of 1lime had hithertc been
removing more of the coloring matter and
given a juice of lighter color (2) Increa-
sing the slkalinity of the medium had made
it more unfavorable for a c¢olor c¢klange to
take place on exposing the defeeated Julces
to air, and (3) the Suger content of the
Julce had not decreased so far; work wes
extended to see to which extent would increa-
sing the percentage of lime continue to
improve the color of the defecated juice
without affecting the sugars.

m rimental: Fresh 1:2 first extraot having
the following properties was

usad for defecation:

Density of the Juio® s.ccoececcsee 10818

Equivalent Brix degree ............ 19.8

ACidIty sseeencecssnceseeeclsBoC

Total SUGBTreccicntvecscsoccsssossce 1865

COLlOPucenearecncioasasscnccsconecncen 80 Y

4,4 R
1.5 B
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10006 portions were defecated with different
quntities of dry Ca(QH); between 45-55°C, for
one hour. The soclutions were then allowed to cool
and settle overnight, Next morning a1l solutions
were filtered, precipitates washed, alkalinity
neutralized by 0.1N HCl, and the sugaer was deter-
mined after hydrolysis as before. The results as
woll as the quantities of lime used are given in
Table VIII, |

TARLE VIII,

Number of flask. *Weight of Ca(OH)g

‘Percentage of
tused in defecating's

ugar found in

o8 op o0 wb lhp oo w0 A% 44 e w4 e 2e

:11000c. Jjulces, tthe defecated
H :1111106.
1 H 400mg. H 18.4
2 : 500mg, : 18.36
3 t 800mg. : 18,30
4 : 700ng . H 18,285
5 H 8001113. : 18,04
6 H Q00mg. : 17.83
7 : lgr. $ 17.60
8 : 2gr, : 16465

v

Observations amd Discussions:

(1) The defecated juice was olear in all the 8 cases,

(2} 4.500 of 0,107 N HCl was necessary to neutralize
the alkalinity of 5000, of juice No.l.

(3) The oolor got darker, this time, with increasing
quantity of lime. The difference betwaen sanples

l, and 8, 1s seen by a color determination of the

Juice after it had been filtered and made up to

LT 2 )

ad wP By B 4y FF ow 9 FE ap A% 9y
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250c0.
Color of No.l 5.5 Yo 1.5 R, 0.5 B.
Color of No.8 20 Y 3,3 R 0.5 B.

(4) Ghanging color on exposure to air was no%

(5)

(1)

(2)

seen even in the fir st sample.

Sample No.l, with 0.4% lime had this time, a
decreasse of 0,25% sugar, while according to
results obtained before (Table VII) no decrease
in the sugar content of the defecated Juice

was noted with the same percentage of lime,
Moreover, up to 0,7% Ca(0H); the percentage of
sugar decreased at the rate of 0.05% per 100 mg.
of Ca{OF)jg. From 0.8% lime and on the sugar

content steadily decreased at e mate between 2
to 4 times the pevious one,

Further work was done for two purposes.
Investigating more carefully the range lying
between 0,3-0,7% lime with the 1dea of ascer-~
taining where, within that range, sugar star-
ted decreasing, color started increasing and
color change on exposure to air ceased to exist.
To see if an incresae of lime, within these
limits, where the quantity of sugar decomposed
is ssmll, msans greater removal of the undesi-

rable, mucky, nonsuger substanoces,
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Experimental: The sxtraot that was used in the

experimnts outlined below had the
following properties:

Density of the Jjuilce 1,0798
Equivalent Brix degree
acldity 2oc.
Total sugar 18.04
Color 24 Y
4,3 R
0.6 B

100co. portions of this Julce were defecated
with different quantities of lime between 45-55°C
for ) hour, The defecated julce was then teated
for its oolor, density, alkalinity, percentage
sugar, The muck was washed from any sugar, dried

and welghed. The results are gilven in Table IX.

TABLE IX
Tests on the Defecated Juice

: :
$ H

TP Y R MR VR BT B 4h Bp BB 44 UY SE W wy

sNo,of :Weight : T Density :Alkell-:Percentage:Weight of :
tSample: of ? Color. : 31°C - :nity. : Sugar. : muok.
3 tCa{0H)q: : ¢ H :

3 tadded H : H :

+ 1 : 300 :10.5Y,X5R :1, 0787 : 1.800:  I8,0 :0.3520
H H 3 : : : 4

: 2 : 350 :J0Y 1,4 R :1,0789 H 3 s 17,94 ¢ -

H H ! : HH : :

t 3 s 400 :J0Y l.4 R :1.079 t 468 ¢ 17,94 :0,4140
H : H : 4 : 4

s 4 : 500 :18Y 2,2 R :1.,079 t B42 17,94 :04780
: 5 : B00 :LTY 348 R :1.0794 i 749 { 17,85 :0.5332
H : : : :

- H o $ H

Discussion of Results:

1, Sugar: Regarding the percentage of sugar in the
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defecated Juice, the new results seemed to
confirmm the results given in Table VII, that is,
the use even of 0,5% lime had no influance'on
the sugar content of the solution,

2, Impurities precipitated: The continuous in-

orease of the
weight of the muck up to 0.5% lime, indicated
that more impuri ties were being thrown down
without any sugar precipltating with then,
3, Color: The color of the defecated julce

ohanged on exposure to air in sam-

ples 1 and 2, thus confirming what was previously
observed, With semples 3,4 and 5 changes in
oolor ceased but ssmples 4 and § were darker in
color than 3,

We can safely say, now, that up to Q.4-
0.5% lime the amount of suger remained practi-
cally unchanged in the defecated solution.
However, if considerations of oolor, alkalinity,
aml presence of calcium salts in the clarified
’solution would outweigh the extra amount of im=-
purities precipitated then defecation with the
smaller percentage of lime, i.s,, would be pre-
fereble to any higher quantity. Decision on
such question had to be postponed untii after
the signifioance of each of the above factors




had been studied in connection with the deccloriza-~
tion and concentration operations that came next.
| At this polint work was conducted on decolori-
zing and conceﬁtrating the defecated Jjulce to a
thick syrup of about 65° Brix density. Such a work
brought out two important points:
First, the defecated juice being quite on the alka-
line side 1in its reaction had to be neutralized
before treated any further, This was necessary for
four reasons: (1L} The various kinds of decolori-
zing oarbons were not effective in an alkaline me-
dium., They worked a little better in neutral solu-
tions and best in acidic ones. {2) Evaporating an
alkaline Juice under partial vacuum and even at tem-
peratures lower then 70°C. showed excessive foa-
ming which prevented smooth amd successful evapora-
tion, (3} The alkaline juice developed during con-
cnetration colored decomposition products that made
the color of the soclution far worse than its origi=~
nal color before demlorizetion. (4) The presence
of caleium salts in the final syrup gave it an
undesirable bitter taste,

Thus being convinced of the necessity of neutra~
lization several chemicals were used for accompli-
shing that, These chemicals with the various pro-
blems and difficulties that arose &s a result of

the 1r use are as follows:
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l. Acetic Acid: Kept calcium salts dissolved

in the juice. Developed humus
brown black color on evaporation.

2« Carbon Dioxide: Bubbled through the juice to

neutrality to phenolphthalein
did not throw any precipitate. On evaporation
calcium carbonate as well as other oalcium sslts
came down gradually and continuously during con-
centration until the solution beceme a thick
syrup that cauld not be filltered,
3, JTertarioc Acid: ZEliminates most of the celcium

as tartrates, On evaporation
continuocus depesition of insoluble incrustations
wag noted even when the syrup was about 65° Brix
in density. The syrup retained a foreilgn unplea-
sant taste of tartrates and had & comparatively
darker calor.

4, Phosphoric Acid: Accurate adjustment of the
reaction of solution was necessary to precipitate
mest of the calcium as phosphate, Inorustations
were alsc observed here, but the final syrup was
of a brighter ani Yighter cdloxr than that gotten
with other neutralizing agents.

Secomd, neutralizing the Jjuice was not enough for

effective decolorization., Excess acid could not

be added directly on the alkaline juice for the
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various calcium salts, i.e. carbonate, tartrate

or phosphe te, becoms more or less soluble 1£1 an

acidic medium. This required filtration of the

caleiun pracipltates from the neutralized julce

before the addi tion of the required quantity of

acid for helping good decolorizgtion. However,

after the decolorization of the Julce the extra

acid had to be neutrel ized with lime before pro-
ceeding to concentration.

Having gone so far I started doubting the
advantages and merits of defecation, The intro-~
duction of 0.4 - 0,5% lime into the juice, al-
though no doubt, removed as impurities a frac-
tion of a percent of the total dissolved solids,
but also meant the introduction of so many addi-
tional operations which needed more or less ex-
pensive chemicals, new squipment, as well as teohni-
cal experienced perscnnel to supervise and direct
tha work of the whole sys tem.

With the idea of ascertaining whether defe-
cetion With 1ims justified, in the quality of syrup
produced by its use, the introduction of so many
cperations that complicated very much the whale
schems, comperative exporimﬂnta on clarification
with lime and other clarifying agents, intended
to give 1ight on this point, were carried out next.,

The results seemed to be more in favor of disposing
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.with defecation, The experiments in detaill
wlll be given in the next chapter in connection

with decolorization and concentration.
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CHAPTER IV.

ECCLORTITZATION AND CONCENTRATION.

{ %
s

Aim: By decolorization we seekéd the removal,
from the clarified juice, of the greater
part of its coloring material, plus a goad
deal of the non-sugar impurities that were still
retained in the juice and that could be absorbed
by the decolorizing chars, By concentiration we
A seek:{co evaporate from the decolorized solution,
und er proper conditions, enough of the water to
get a clear symip of bright golden yellow cJolor.
Factorg studied: The factors that were more ob

lass taken Into considerstion
are: K. In Decclorization:

1, Dilution of the jJjuice and its in-
fluence on the case of decoloriza-
tion,

2e Effect of the method of oclarifioca-
tion and olarifylng agents on de-
colorization.

3 Intensity of the color of the cla-
rified juice.

4, Reaotion or acidity of the olari-
fied Jjuice,

S5. Temperature of decolorization.

8, Kind of decolorizing char used and
its fineness,

7. Percentage of cher needed for satis-
factoly decolorization.




B, In Concentration:
3o Temperatuwre of evaparation
2+ Color changes during concentration.
Se Quaiiity of syrup produced with respect
o a) Its density, (b) color
fc) clarity, (d) taste, (e] Iiabdi-
1ity to erystallize on standing
(f) liability to darken on keeping.,
It is worth ment ioning, however, that
(L) these two operations (i.,e, decolorization and
concentration} had to be studied together for
it was only by the proper adjustment of the
factors affecting the first to those interfe-
ring with the secomd that efficient and econo-
miocel conditions for the wrking of the whole
system ocould be formulated,

(2) Isolation and sepsrate control of each of the
various factors mentioned above was not attem—
pted, except in few cases where industrial
considerations or time avallable permitted it.,
The influence of a factor or several together
was observed and carefully followed through
all the various cperations to the final syrup.
Qutiined description of the experiments per-
formed will come next,

Experimen tal:

Y., The following experiments were made on & dilute

2 hours, 1:5 extracts,
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| l. 800c0, of juice were defecated with 7ce, of
milk of 1ime of 15°Bo density. Muok was sllowed
to settle for ome hour and a half, solution fiite-
red, carbon dioxide bubbled through to very slight
alkalinity (lOcc, juice took O,lce of 0,107 N HCL
to discharge the color of phenolphthalein), The
CaC0g; predipitated was filtersed and five 10Qce
portions of the clear filtrate were treated respec-
tively, w th Q0,1,2,3, and 4cc, of 0.107 N HC1, and
- with 1 gr,. of Nucher each, far 20 min, at room tem~
perature, 7The “ciecolorized solutions were filtered
and their color determined.
Result: 413 solutions were of the same Col N, The
alight difference 1n the acidity of the
five solutions was not enough to show any measu-
rable difference in their coloar. S0 in order to
avolid much dilution of the Juice the im‘:‘luenca of
acl dity on decolorization was studied next with
a more concentrated solution of H.Poﬁ. HyPO, was
chosen because after decolorization tha aclidity of
the solution could be sadly meutralized amd phos-
pia te removed by lime,

2, Another extract was defecated at 409C with
15°Bi milk of Iime until a sample of the filirate
gave no mecipitate with a 20% testing solution
of suwcrate of 1lime, The solution was then filtered
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from muck and tested for its color and alkalinity:
color of solution before defecation 5 Y, 1.4 R
color of solution after defecation 5 Y, 0.9 R
alkalinity of solution: 3c¢, of 0,107 N
HClL was required to meutralize 25co, of juice
to phenolphthreleain and point.
500ce of the clear defecated Juice were neutralized
with 0,67 N HgPO,., The color of the neutral solution
was mpasured and it came to be 2.4 Y, 0,4 R, 1l0Oce
portions of this solution was decolorized with 1%
Nuchar at 1%° C for 20 minutes and with different
quantities of 0,67 N HgPO.. The results are given
below:

TABLE X.

cc.0f  :Color of
Q.,B67N tdecolor,

sPercenta-:Time of :Tempera-
tge Nuchar:decolora~iture of

: : tiom. :dscolorat:HePO, t1solution.:
3 : H ‘used, : :
: 1% :20mine : 17°C : O : 06 Y :
: : H : 4 4
: " . noow H " H 1 t 0,27 :
H H H : : H
H " s ®on H " H 2 10,1 Y s
4 b4 T : : -4
H b r non : n : 3 ¥ 0 :
H : i : : H

3, A pew extract having & color of He6 Y aml 1.3 R
was divided into four portions:
The first partion was decolorized directly amd
without clarification with 1% Nuchar at 80f¢ and

1/3 U
L__
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for 15 minutes. The resulting solution was
colorless,

The fourth portion was defecated at 40°C
with miik of lime, muck filtered, solution neutrs-
lized with 0,67 N HagPO, and precipitets formed
filtered. The neutralized solution was then aci-
dified (40c HePO,/100cc juice) and decolorized
with 1% Nuchar at 80°C for 15 minutes. The so-
lution was filtered, excess HgPQg neutralized
with lime, the Caya(POg)g formed filtered and re-
sulting solution* eveporated on direct fire to a
| thick syrup. 'Hié color of the syrup was 20 Y,

12 R.

4, A mw extract was brought to & boil with 1%
filter acid, stirred for 10 minutes and the.n rilte~
red, |

500co, of the clsar filtrate was decolorized
with 1% carbon et 80°C far 20 minutes, The solu-
tion was then filtered and after its color was
determined, it wes evaporated on direct fire to a
thick syrupe.

color of clear Julce SY, 1.3 R

color of decolorized
Juice 0.3 Y

solor of Syrup 30 Y, 7.5 R

¥ Its color was not determined bescause it meant
nothing after the many dilutions that the soluticn

had =uf ferad,
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1300c0 of the same clear fil trate was acidi-
fied with HgPO, @8 in (3} decolorized as uswal
end its color determined. The acid was then
neutralized with lime, filtered, and solution
concentrated to 750cc, Its color now was deter-
mined., Then it was further concentrated to 250co
and again 1ts color determimed, Here the concen~
trated solution was decolori zed with 1% Nuchar and
then concentrated to a syrup. The color changes
thaet were noted during concentration are given
below,

TAHLE XI.

¢ Volume of Juloe:Color belfore dewi0olDbT arier de-

: toolorization, tcolorization,
: 1300 §5 ¥, 1.5 R ; 0.1 Y :
: 750 1.27, 0,3 R —
250 f12 Y, 24 R 3Y, 0.6 R
: Syrup 20 Y, 7R

LL

I¥. The following experiments were made on 1:2
extracts of an average color of 22 Y, 4.8 R,
1.5 B, ani of & sugar content fluctuating betwean
18 to 19%. A number of these experiments are am-~
logous to those previously done eand described under
I, in copnection with ths more dilute sxtracts, So

detalled description of the various common and usual




operations will be avoided this time as being un-
neoessary repetiticn.

1. Juice was defecated with C.4% powlered lime,
between 50-80°C, Alkallnity of sclution was neutra-
1ized with T N BO1L to the end point of Broﬁxthymol
blue (atout pH 6), 100cc.. samples were then treated
with different gquantities of 1 N HCl and decolorized
with 2% carbon, The results are tabulated below:

TABLE XTI.

Color of original solution after defecation 5 Y, 1.2 H.

¢cs,o0f :0010T Of decoio-
1N HCl :rized solution,

tPercenta- :Time of de:Temperature
tge carbon.:coloriza- (of decolori-

H ¢t +%ion, : zation. : added. :

2 : : : :

$ 2% : 30 min, : 70° = 80° C.: 0 t 1Y, G2 R
: H : : H

H " H " H " " : 1l t 0,57, 0.1 R
: : s : :

$ " F " : " " : 2 1 0,4Y

H H 4 . s H

: " : " : ” " : 3 t 0,3 Y

H H H : H

s " s " H " " : 4 t 0.2 Y

H s 2 : :

$ " H " : " " 4 5 t Ol Y

3 $ $ H 2

- b wa W6 B BB B B B BF BE SR B AW 4w

Conclusion: At constent temperature, percentage ehar,

and time, the grester is the acidity of

the solution the better would its decolorization de,

2. Juice wmas defecated with 0,4% lime. Alkali-
nity of solution was neutralized with €Oz to
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phenolphthalein end point, Solution was then
'decolorized at room temperature with 2% NUGh5¥,
filtered and clear filtrate was then concentrated
on a water beth and in partial vacuum at 70°C,
to half its origiml volume, GCalcium earbonate
precipitated during conocentration was filtered,
and clear solution treated with 0,54 Nuchar filte-
red and concentrated to a thick syrup. ‘
Syrup produeed:
Density: 65° Brix
Colax: 24 Y, 3.2 R
Tagte: Good
Crystallization on standing® No
Deposition or settlings on ﬁtanding: slight
3. Juice defecated with 0.4% lime, Alkalinity
neutralized with HgPO.. Neutralized solution
decolorized with 2% Nuchar at room tempsrature,
and fa one hour, Then concentrated in partial
vaouum o oms -fourth the original volume, Preciple
tate thrown down during comentration was filtered
and clear filtrate fur ther concenirated to a syrup.
Syrup produced:
Densityl 62° Brix
Colar: 86 Y, 3.5 R

Tasta: aoceptable
Crystallization on standing: No
Settlings on standing: Much.
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4. Juice defecated as before, alkalinity

neutralized with tartaric acid, in soluble
tartrates filtered and solution decolorized with
2% carbon, Decolorized solution was then concen-
trated, with several intermediate filtration, under
partial vacuuam to a syrup.

Syrup produced:
Density: 70 Brix

Color: 26 Y, 3.5 R

Taste: Bitter and unpleasant
Crystallization: Big and much
Settlings: much.

5 Juice was heated with 0,24 Super-cel to about
95°C for about 10 minutes. Then it wag filte-

rad and clear filtrate divided into four portions.

Two were treated with Darco Grade 35,51 at two

different temperatures ani the other two with Nuchar

C P.F, R 2804, The rasults are given below: .

TAELE XTIY

:m:-oen- : Tlme of ;Tlemperature of : :
: Char. :tage char decolo- :decolorization.: Color. :
: : srization.: H :
DARCO : 2% 15 min, : 21°¢ :1.1 Y, Ol R .
fomt w1 80-90°C  11.27, 0.3R i
= : : i : :
{ NUCHAR i 2% : 15 min, ¢ 21°C P 1Y ;
: " : " : 80-90°C : 1Y, 0.2 R
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Concilusion: (1) Of the two kinds of dacoloriziﬁg

chars, which were available, Nudchar
which was finerani m re fluffy than Darco worked
better. 8o 1t was used 1n all later experimemnts,
(2) Decolorization is re ferable at
room temperature than at tempera-
ture abowe 80°C,
6o Juice was treated with 0.2% Super-Cel, mscha=-
nically stirred for 30 min,, andi then filte-
red. The clear solution was decolorized with 2%
carbon for 30 min, ami at room temperature, Clear
filtrate was then evaporated in partial vacuum
batween 45-509C to a thick syrup.
Syrup Frodw ed:
Density: 80 Brix
Colar: 285 Y, 4 R
Taste: Good
Crys tallization on standing: Yes
Settlings on standing! No
7. Julce clarified with super-cell, to clear so-
lution 0,054 tartaric acid was added ani then
decolorized wl th 2% Nuchar at room temperature,
Sclution was cncentrated in partial vacuum between
45°=+50°C to a syrup:
Syrwp Prouced
Density: 65°Brix
Colar: 20 Y, 2,5 R
Taste: Good
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Crystallization on standing: No
Settlings on standing: No
8. Julce clarified with Super-cel, decolorized
with 2% Nuchar, at room temperature and
left over night, Decolorized solution was concen-
trated in partlal vacwum at 70°C until reduced to
its $°its original volume. Then decolorized again
with 1% carbon ani oo ncentrated further to a syrup.
Syrup Produced:
Density: %0° Brix
Colar : 23 Y, 3R
Ta ste ¢ Good
Crystalization on standing: No
Settlings on s tanding: No
¢ Julce clarified with Super~-Cel, decolorized
with 24 Nuchar and left over night, Solution

concentrated in partial vacuum at 70°C to a syrup:

Syrup Produced:

' Density v 70°Brix
Color: 20 Y, 2.4 R
Taste: Very pod
Crys tallization an stqnding: No
Settl ings on standing: No.

10, Juice clarified with Super-Cel at 50°C,
decolorized at mwom tempsrature with 2%
Nuchar with mechanical stirring for ons hour,
. {Color of decolorized solution = 1 Y),
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(polor of decolorized sclution = 1 Y). Solution

concentrated to one-third its origzinal volume

then treated with 1% Nucha and left over night.

Then oncen trated fw ther to a syrup:

Syrup produced:
Densl ty: 70° Brix

Color: 10 Y, 1.3 R (very nice calor)
Tasta: Very good

Crystallization on starmiing: No
Settlings on standing: No,

Discussion of Results:

1.

2e

The concentrated juice presented no difficulty in
removing enough of its color for preparing it to
the concentration operation.

Defecation removed more ccoloring matter from the
more concentrated anl more colored juice (i,e.

1:2 extract), than from the dilute and light colo=-

-red Julce (i.8. 1:5 axtraot}.

Decolorizing two solutions, ome clarified by defe-
cation and the other by Supesr-Cel, with the same
percentage of carbon gave a product of lighter
color with the former than with the latter, Lea-
ving eside all complications that swe associeted
with defecation®™, what seemsd & point in its

favor now, was more than compensated for by the

* See page 46.
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intense deep red color developed in the defecated

Juice during concentration.

4, With the same percentage of carbon the greater Reldiry
18 the amoumt of coloring matter absorbed by
the char, However, the disadvantages involved
in either keeping the acld after decolorization
or in precipitating* it from the solution, made
it preferable to miﬁimize the amount of acid
added or better %o dispose of using it altogether,

5. As previously iniicated, the effectiveness of a
c¢har is directly occnnected with i1ts state of sub~-
division or fineness, that was shown by the 4aif~
ference, in the decolorizing power, bstween Nuchar
and Jarco.

6. Two decolorimttons, at room temperature, one, with
tw percent carbon, applied at the beginming to
the julce before concentrdtion and the other,
with one percent carbon, applied to the thin
syrup, are preferable to a single decolorization,
with the sams total percentage ocarbon, applied
either to the thin julece or to the thin syrup.

The second decolorization was not only effective
in removing a good deal of the coloring matter deve-
loped during concentration but helved also in precipi-
tating any foreign mbatane'ea that were thrown down
from the concentrated Jjuice, Hence it emtributed

*See pages 44=46.
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to the improvement of both the color and clarity

of the final syrup.

7. Eveporation of carob juice on direet fire could
not produce a light colored syrup even (1) if
decolorizing measures were taken to start con-
centration with a colorless solution. {2) With
several intermedia te decolorizations effected
on the thin syrup. Discoloration spscially of
concentratad Jjuices, was oo quick i be advan-
tageously controllsd by any number of decolori-
zati ons.

8. Unfter partiasl vacuum the julce could be concen-
trated to a thick syrup of 80° Brix or aven
more, wi thout danger of appreciable decomposi-
tion or discoloratl on, 1f the temperature of
evaparation is kept at 70° or below,

9. Crystallization of sugar from the syrup on stan-
ding is directly connected with the acidity of
the juioe used in meking the syrup as well as
with the concentration of sugar in the latter,
If the desired syrup should have a Brix density
below 70° Brix there is:no need for the presencs
or addi tion of any acid, if on the other hand the
syrup that is desired to prﬁpare should be of
a density above 70¢ Brix slight addition of soge
non-objecti onable acld such as HgPO, that will
haelp v hydrolyse disaccharides during ooncentra-
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tion will help t prevemt the formation of orystals.
10, The very large pumber of syrup samples that
were prepared by & fferent methods under diffe-
rent conditions of extraction, clarifiocation,
decolorization ani concentration, ami that wesre
of different color shades, clarity and thickness
&t the tims of their prevaration, showsd one
ouistanding thing in common and that was a
tendency to darken with time until they reach
a dark red color which they all approached &s
a limit, This part was of utmost importance
as 1t clearly meant, thet after we had met and
overcome all difficulties that confronted the
simple prereration of & pressntable syrup, and
wa had gotten a syrup of the desired qualities
and color we see that it does not kesep.
So attention was directed finally toward trying
to see wha t kind of a phenomencn was responsible for
thié color change, This is taken in the next

chapter,
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CHAPTER V.

DARKENING PROCESS.

Aim: (1) To ascertain the mechanism of the darke-

ning process, 1.e. whether it is a photo-

chemical or oxidation phenomenon or both.

(2) To try %0 determine the type of compounds

to vhich the substrate am catalyst belong.

Y. Mechanism: Sane, non-parasitic, and freshly

experiments:

1.
Ze

B

4,
Se
G

7

crushed pods were used in the followlng

A+ 2000, of a 1:2 extract was added to a series

of 7 tubes, ani each was pressrved by few

drops of ean alc¢oholic solution of thymol,

Tube 1, was lsft aerobic ami in light

Tube 2,
Tube 3
Tube 4
5
8

Tube
Tube

Tube 7,

"

Lid

"

darkne ss,.

L

" * " darkness

"o+ trace of NagS

w + 1 cec. fresp lemon julcs.
closed + NagSg0.*
anaerobic by bubbling CO5 and
closing tightly and left in light,

was left anserobic as in 6 but left in

*muffered by som NagHPO..
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Rasults:

1,

2o

Se

4.

S,

Tube 1, the control, started deepening in

color from the beginning anl in one wsek got
appreciably dark,

There was no difference between tubes 1 and 2
and between & and 7, showing c¢learly that light
has no effect on the darkening phenomenon.

Tube 3, did not show any darkening 7or two weeks
after which it slowly darkened.

Tube 6, showed even after two months very slight
change in its color. Whereas tube 4, at the end
of the same period was yet lighter in color.
Tube 5, rems ined unchanged even after four -

months,

Conclusion: These experiments prove conclusively

that the darkening is =zn oxidation

phenomenon. 4mong all the reducing agents used,
lemon julice sesmed to be quite effective ani at the

same time applicable to industrial operations, From

this it appears that ths best way to preserve the

color of syrup obtained as rrescribed previously is

to 2dd some concentrated lamon julce (lemon jJuice

concentrated under reduced pressure}, to the syrup

ami keep the whole thing in hermetically sealed

bottles,

B, Two 1:2 extiracts were prepared, in one case

as usual amd in the other case under anaerobic
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conditions (by continuous bubbling of CoO,
during the extraction period). Both
extracts were clarified by some Super-cel
ant centrifuged in air free, closed bottles,
Hesult: Coloar of two extracts identical 16 Y, 2,2 R.
Conclusion: This gees to show that during mascera-
tion no measurable color clange takes
place and this precaution during extraction is thus
seen to be unnecessary.
1Y, Substrate:

The nature of the substance or substances which
uniergo this cmnge in color has not been determined,
but by analogy to otler such phenomena in the plant
kingdom, one assumes that this substance belong to
the tannoids, The following experiment seems toc speak
for sadh a hypothesis: '

The ordinary 1:2 extract whem treated with 0.4%
lime and shaken very vigorously in air, darkens or
rather blactens in color, On the other hand when the
sams extrect is treated with excess of neutral lead
acetate and the solution filtered, then treated with
HeS to precipitate excess lead, then HpS iz removed
by aeriation ani to the resulting solution lime is
added as befare and shkrken no color change takes placs,
IIT. Catalyst:

4, 1:2 extract was immersed in boiling water for
15 minutes, cocled ani then treated with 0,44




1ime and skeken vigorously, a dark black
color was produced. A4ddition of HpS3 or
NagSs0, to the darkened solution brought
it back to its original color.

B. A trace of KCN was added simultaneously with
0.4% lime to a 1:2 extract and solution
shaken vigorously. No dark color was deve~

¥

loped,

Conclusion: (1) Bxperimeni & seems to show that the

catalyst is not an enzyme in the usual
Sense . {2} Bxperiment B seems to indicate that

"~ the catalyst is & heavy metal which is bound by the

cyanide,
A more thorough study of the nmature of the sub-
strate anml catalyst founi In carobs will be left
for futwre research.
A0 0 21 R 45 3 A6 6 A R HOR R RR HOR 2 R RO
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