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The utility of ion ,exchange in processing 
fruit juices and their derivatives has be,en 
fairly well established (I, 2, 8). Among the 
problems encountered are" chemical and 
organolepfic changes, the ne,ed for a mul- 
tiple-step operation (regeneration, wash, 
sw, eefenina on, service run, sweetening off, 
regeneration), and regeneranf cost. Some 
of these problems could be solved by using 
regeneranfs which, when .evolved from the 
resin bv the counter-ions of the treated 
maferia'l, could form an insoluble com- 
pound. With the proper technique f his can 
remove a polar material without intro- 
ducing foreign ions. A juice processed in 
this manner will not exhibit gross changes. 

The answer fo the cost problem appears 
to be a regeneranf which could be used 
repeafectly. Reusable fh,ermolabile regener- 
ants have been described (5, 9). Their use 
entails recovery by distillation, which limits 
their use with fruit juices and ailed prod- 
ucfs because heating usually harms the 
treated material. Recourse to a property 
of the regeneranf of her than its boiling 
point, such as low solubility, is indicated 

Since an important feature of any food 
processing operation is relative freedom 
from contamination by toxic substances, 
salts of the lighter elements would appear 
usable --. but alkali metal salts are very 
soluble and magnesium and aluminum salts 
are laxative. Calcium salts r, emain. Un- 
dissolved calcium compounds have Been 
investigated before as regeneranfs (7, 3, 
6, r4, 16). 

' Reference to a company or product name cloes 
not imply approval or recommendation of the 
product by the U. S. Department of Agriculture 
to the exclusion of others fhaf may be suitable. 
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The predominant anion in grape juice 
is farfrafe; its calcium salt is sufficiently 
insolubl,e (I I), and the difference in affini- 
ties (10)of the calcium and farfrafe ions 
for the exchangers is small enough fo allow 
a reasonable regeneration and a long 
service run. Relatively few counter-anions 
are ,exchanged. 

Calcium farfrafe as regen,eranf offers 
the advantage of easy recovery of its 
excess by mechanical means because of its 
low solubility. The excess is necessary for 
a high regeneration bvel. During fh,e treat- 
ment of grape juice, the counter-ions pres- 
ent (e.g., potassium, sodium, malafe, 
sulfife) are held and the evolved ions form 
calcium farfrafe. The largest part of the 
evolved calcium farfrafe is pres,enf as pre- 
cipitated solids and is readily available for 
the next regeneration. Since ion exchange 
is not a chemical reaction in the orthodox 
sense (the heat of exchange is usually on 
the order of less than 2 kcal/mole), calcium 
farfrafe is almost fully recoverable, and 
available for full reversion of the system 
from which if evolved without expenditure 
of energy. 

Ion exchange of grape juice af 40 meq 
oF potassium per liter in mefafhefic ex- 
change for the calcium ion, with the non- 
farfrafe anions exchanging for farfrafe, 
results in 5200 ppm calcium farfrafe in 
fh.e system (10) The solubility of calcium 
farfrafe is on the order of 300 ppm (I I), 
so recovery of over 94% of the regener- 
ant is a matter of mechanics. One mechan- 
ical approach is fo allow the formed 
precipitate fo remain in the exchange 
column itself. Change of product flow fo 
wafer flow with simultaneous change in 
direction reverts the equilibrium condi- 
tions, and the regeneration will occur in 
a manner similar fo fhaf described by 
Deuel ef al (7). 

This study shows how substances in com- 
plex solutions of polar and nonpolar solutes 
can be removed by exchange for a spar- 
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ingly soluble polar compound. We used 
Thompson Seedless grape juice because its 
flavor is mild, delicate, and easily im- 
paired. Studied besides regeneranf re- 
covery was removal of SO2 used for pres- 
ervation, and inhibition of ,enzymatic 
browning. E iminafion of nonfarfrafe anions 
and the labilogenic potassium bifarfrafe 
without undue change in pH of the juice 
was also investigated. 

E X P E R I M E N T A L  P R O C E D U R E  

The experimental assembly consisted of 
a column 125 cm long and 5.5 cm outside 
diameter. This was filled with 1270 m'l of 
a sulfonic polystyrene resin and 1270 ml 
of a frialkylalkanolammonia (TKA)polysty- 
rene resin. The cation exchanger, cross- 
linked with 12% divinylbenzene, was in 
the calcium and the anion exchanger in 
the farfrafe form. The resins were infi- 
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mafely mixed and poured into the column 
in small portions suspended in wafer. :The 
wafer was constantly drawn off to avoid 
separation by specific gravity. The bottom 
of the column was tiffed with a filter, and 
the empty fop spac, e was filled with Float- 
screen (4). 

Filtered Thompson Seedless grape juice 
pressed from grapes grown in the Imperial 
'/alley, California, was freaf,ed with S02 
prior to filtration and then passed through 
the column ctownflow. One-:liter: portions 
were sampled and analyzed for SO2 by 
the modified direct calorimetric method 
(12). Total acid was defermin,ed by the 
A.O.A.C. method, and potassium by flame 
specfrophofomefry. 

Flow direction was reversed and the 
system regenerated by solution of the de- 
posited calcium farfrafe. The input liquid 
was ctisfillecl wafer. The regeneration prog- 
ress was determined by measuring de- 
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Figure I. Sorption of the potassium ion from input iu!ce af pH 3.7. Desorption with 
distilled wafer. 
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sorbed componenfs. Also sfudied was fhe 
degree of regenerafion in terms of potas- 
sium and S02 sorpfior] and desorption. 

RESULTS AND DISCUSSION 

Table I gives the hydrogen-ion content 
changes during the freafmenf phase of 
i he experimenf. There appear fo 'be dis- 
crepancies in sorpfion of fhe hydrogen and 
pofassium ion and between the cafions and 
fhe sulfife. The inconsist~ency acfually shows 
fhe difference in affinify of ~ fhe particular 
ionic species for a given resin. Thus fhe 
potassium ion subsfifufes for calcium in 
the resinate form much more rapidy fhan 
does fhe hydrogen ion. Table 2 provides 
data on fhe ctesorpfion of fhe hydrogen 
ion removed from fhe freafect grape juice. 

'Figures I and 2 give an overall picfure 
of sorpfion and desorpfion of fhe potas- 
sium and sulfife ions. The difference in 

TABLE I 

Sorpfion of Hydrogen Ions from Grape Juice 
during Ion Exchange in the Calcium Tarfrafe Cycle 

H+ meq/I 
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Figure 2. Upfake of sulfurous acid by the ion exchanger from inpuf juice at pH 3.7 
expressed in ppm SO2. 
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the slope of desorpfion curves oT pofas- the sulTonic resin and the farfrafe ion~Tor 
slum sulfife illustrates .the difference be- ifhe frialkylalkanolammonia resin..:, These 
fween the affinity of the calcium ion for affinities, however, must be considered in 

the li,ghf of those of the desorbed species. 
F~gure 3 shows juice treatment and regen- 
eration results in terms of soluble solicls. 

TABLE 2 The breakpoint is evident af the 12-liter 
Regeneration Expressed in Desorbed Hydrogen ion throughput. 

Input: distilled wafer The results show that calcium farfrafe, 
Effluent (ml) H+ meq/I as an organomefal salt pepresenfMive of 

sightly soluble alkaline earth metal ~om.- 
pounds, can Be used as a recoverable re- 

I000 360 
2000 480 
30O0 72O 
4000 640 
5000 6OO 

I0000 140 
15000 200 
21000 40 
26000 20 
28000 40 

generanf for ion-exchange systems. The 
unsfabl,e potassium acicl farfrafe is re- 
moved from the juice. There is reason fo 
believe fhaf other very slightly soluble 
compounds can aJso be usecl fo treat fruit 
juices (I0, 14). The advanfag,e of such a 
system is primarily in regeneranf cost and 
labor. Further, if does litt le harm fo the 
iuices since changes in pH are very small 
and there is no obs,ervable loss of flavor. 
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Figure 3. Monitoring of the service run and regeneration. Total solids taken for 
criterion. 
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The changes were essentially fhose fo be 
expecfed from chill-proofing plus removal 
of SO2. The principle of recov,erable static 
regeneranf c~n fhus be applied fo ion- 
exchange purifications of high-ash low-cosf 
maferials. 

SUMMARY 

Calcium farfrafe was the regeneranf in 
ion-exchang,e treatment of grape juice. 
Reuse for subsequent regeneration was 
nearly quantitative without the neecl for 
handling. 
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