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PROBLEME RZLATED TO THEZ COMMERCIAL
PRODUCTION OF LEVULOSHE

INTRODUCTION

Levulose or d-fructose (%5H1265), although posasessing prop-
erties which should make it more valuable than the ordinary
sugars of commerce, has not yet been »nrecduced on a commercisal
scale. The nublication by ¥eZFlumphy (1) of an imoroved process
incorporating several economic advahtasgee shonld hasten the time
when levulose will be available in commercial gusntities at
attrective prices. Erb (2) reports that "the commercial prep-
aration of fructose (levulose) 1s rapldly improving', and pre-
dlets that “fructose wlll some day replace cane sugar in the
diet of man.”
The distinctive oroperties (3) which make levulose of com-
mercial interest are its high degree of sweetness (4), great
solubility (5), and unigue physiologicsal properties. Daniel
(6) states that levulose is assimilated to a larger extent and
1. MeZlumphy, Problems relsted to the commercilal produc-
tion of levulese. Ph. D. thesis, Iowa State College,
Ames, Iowa. (1930)

2. #rb, Physlologlcal Chemistry. The Chemical Publlishing
Co., Waston, Penn., m». 49 (1918)

3. For a complete dlgcussion of the propertiles of levulose

see Mcdlumphy, op. cit., (Reference 1) )

4. Biester, %Wood and ¥%ahlin, Amer. J. Physiol., 73:387 (192%)

report levulose to be 1.73 times as sweet 28 sucrose.

5. Jackson, Silsbee and Proffitt, U.%. Bur. Standards Seil.

Papers, 519:5614 (1926% renort 375 g. levulose soluble
in 100 g. water at 20%C.
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oxidized more quickly and in lasrger amounts per time interval
than sucrose. Joslin (7) and many othere have found levulose
to be of great value in the treatment of diabetes.

When the study of the preparation of levulose from the

Jerusgalem srtichoke (Helianthus tuberosug) was und=artaken at

Iowa State College, it was found that very little information
wes avallable regarding the conversion of the inulin eand lev-
uline to levulose. Considerable work was availsble concarning
the hydrolysie of pure inulin, but this was of no valus eince
the process sdonted required the direct conversion of all the
polysaccherides, rather than the nreliminery lsolation of the
inulin.

The purpose of this paper is to present experimental data
designed to show the relatione between the factors controlling
the converslon proce=g and thus make it vogeible to convert
lgrge batches of artichoke juilce donvaniantly and economically.
t Information obtained from the desiccation of two and a
half tons of artichoke tubers 1is included, together with designs
for seversal new vieces of equinment for use in the seml-commer-
cial production of levulose.

Daniel, Chem. Zelt., 45:4 (1921)

Joslin, Diabetic metebolism with high and low diets,
Carnegie Inst. Pub., 323:211 (1923)

- .

-3 O
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CONVERSION OF JERUSALEM ARTICHOKT JUICES

A. Historiesal

Crookewitt (8) (1843) was apparently the first to convert
a polysaccharide to levulose. He observed that inulin will,
npon heating 15 hours in water solution, decompose, ylelding
an unerystallizable sugar.

Soubeiran (9) (1843) observed that dextrose was not the
sole product of the hydrolysis of sucrose. He noted the pres-
ence of a levo-rotary sugar which also fermented readily. Blot
in & comment appended to Soubeiran's article noted that the
speed of a sucrose hydrolysie depended upon the temperature and
the amount of acild present. He wasg apvparently the first to study
the conditions reevonsible for the conversion resaction.

/// Dubrunfaut (10) (1869) gave in detail his technigue for
the separstion of levulcose from dextrose me the calcium levu-
late. He started with 100 c.~. of sirup contasining ten zrams
of previously inverted pugar and added st a low tempersture

6 grame of powdersed calcium hydroxide. The milky precipitate
of calcium levulate was filtered off and decomposed with oxalile,
sulfuric or carbonic aclid. He had appsr&ntly made no study of
the conversion reactién.

8. Crookewitt, Ann., 45:184 (1843)

9. Soubeiran, J. de Pharm. III 4:347 (1843)
10. Dubrunfaut, Compt. rend., 59:1356 (1869)
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Peligot (11) (1880) sought to imorove Dubrunfaut's method.
He also st&ftad with invert sugar, but made no stuily of the
hydrolysis.

Jungfleisch and LefTranc (12) (1880) recommended the use
of as small an amount of acid as poselble in hydreolyzing su-
crosge.

Kiliasni (13) (1880) obtain&d}levulose by hydrolyzing in-
ulin in water molution. He claimed & 96.7% conversion of in-
ulin to levulose.

Girard (14) (1880) publighed & method of prepering crys-
talline levulose which differs little from Dubrunfaut's pro-
cedure. He hydrolyzed a KC% sucrose solution (700 grams of
sucrose) in seventeen houre at 50°C., with 20 c.a. HCL gerfliter
of solution.

Weizsasker (15) (1890) described in detsil the method of
Jungfleisch because of the difficultles encountered by some
in the preparation of crystalline levulcose. One hundred grams
of very pure sucrose were inverted by boiling precisely five
minutes in & liter of digtilled water containing a gram of cone-
centratei sulfuric acid. The solution was cooled lmmediately

11. Peligot, Compt. rend., 90:153 (1880)

12. Jungfleisch and Lefranc, Bull. soc. chim., II, 34:675

(1880), J. pharm. chim., ¥V, 4:437 (1880), Compt. rend.,
93:547 (1880)

13. Kiliani, Ann., 205:145 (1880)

14. dirard, Bull. soc. chim., I, 33:154 (1880)

15, Welzsaeker, J. Fabr. sucre, 34 (1890). Cited 1in

Harding, Sugar, 25:406 (1923). Original article not
examined.
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to 32°C. and neytralized by the addition of fifty grams of hy-
drated lime.  ‘

ﬁiachm&nnfﬂl5) {1891) reporte’l the preparation of some
levulose fram iﬁulln after hydrolyeie with sulfuric =zciad.

In 1955 thé Levuless Company of ZInglend (17) secured a
patent on a §féeé@g for preparing inulin and levulose. The
pulped raw materisl wes hested to 50 -~ 70°C. to dlssolve out
the inulin, taking cesre to keep the solution neutral, Tiltering,
freeling from albﬁminoias by ecentrifugling, recovering inulin by
freezing, aﬁd finally trensforming 1t into levulose by acid
hydrolysie.

celin (18} (1918} reported that Dubrunfsaut, in 1867, noted
that artichoké 3ﬁ;ce in October wag levorotary while the fol-
léwiﬂ%'ﬁﬁrehxit waﬁ dextrorotary. The levulorsans differ pro-
foundly from ig@vgrimitiva irulin by & emaller rotatory powsr,
and by the raaﬁinaés with which they are hydrolyzed by invertase
and yeast. 1In thé alcohol industry, artichoke Julces extrscted
in Cctober ahm@iéfba‘hydrolyzgﬂ by acids, while in the eoring,
they can be fermeﬁged st once.

%olff and ééalin {19) (1920) oublished a psper in which
they considered éém@ of the properties of inulin 2nd changzes

16. %1eshma§n, Zeit. Rubenz. Ind., 41 (n.f.28):331 (1891)

17. Levulose Co. of ing., British Patent 353,670 (1905)

Chem. Abstr., 1:1075 (1905)

18. Jolin, Comwpt. rend., 166:305-307 (1918)
19. Wolff and ZJeslin, Bull. soc. chim. blol., 2:19 (1920)
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in ite physieal state. Inulin prepared from chicory or dahlias
wag found to be more soluble in wster than that obtained from
other sources after 1t had been precipitated by alecohol. . It
could be converted into the less soluble form by evaporating
the solution. The change wéé'énparantly reversible and was not
fully understood. The hydrolysis of inulin wae considered.

Bourguelot and Bridel (20) {1920) studled the »roducts
of fermentative hydrolysis of inulin and concluded that inulin
contains fructose but no glucose molecule.

Harding (21} (1622} published 2n originasl method for the
geparation of glucosgse and levulose from invert sugsr. By using
glaclel acetic aéid as a solvent, he was able to promote the
crystallization of the glucosge, while the levulose remeined in
golution. %o obtain the invert sugaf, he used the enzyme in-
vertase.

H¥illaman (22) (1922) suzgested the following procedure for
the manufszoture of levulose slirup.

g. Zxtrantion of jJjulce by diffusion.

b. Zlerificstion by means of lime, phosvhoriec acid and

carbon.

c. Acld hydrolyeis of 211 the inulin bodles.

4. Presinitation of c2lcium fructosgate.

20. Pourcuelot and Bridel, Compt. rend., 172:946 (1921)

2l. Harling, J. Am. Chem. Soc., 44:1765 (1322)
22. wWilleman, J. Biol. Chem., 51:275 (1922)
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e. Decomposition of calcium fructosate snd evaporstion

of the fructose solution to sirun.

Jackson, Silsbee and Proffitt (23) (1924) snnounced that
white erystslline fructoss had been orensrsd from the Jerusslem
artichoke by extracting the julce, hydrolyzing wmith 4ilute sul-
furic acid, neutrelizing with lime, filltering, nrecinitating
the calecium fructoeaﬁe, earbtonating, filtering and evaporating
the sirun in vacuo to 91% solids, crystsllizing in motion, cen-
trifuging 2nd Arying.

Hocke (24) (1927) trisd the method of Danlel (25) on a
factory ascsgle. Chlcory roots were cut in a8 bset eslicsr and
extracted in a diffusion battery at s temperature of 75 - 30°C.
to produce 2 julce containing 12 - 147 dry substance. After
liming and treating with sulfur dioxide, inulin was crystalliz-
ed out in yields of 2 - 8%. The inulin was mixed to a peste with
50% water and 0.1% hydrochlorie sacid. The paste was hested at
30 - 37°2. for 1} to 1% hours. Whsen the addition of =sn equal
volume of slcohol Zave no turbidity, the hydrolysis was consid-
ered comnlete. After neutralizineg with sodlium hyvdroxide to
only slight ancidity, the saiu%ien wan trested wilth 'Goonite’
and filtered.

Jackson, Silsbee and Proffitt (25) (1923} reported their
detalled method for the »reparstion of levulose from the Jerus-

alem ertichoke znd the dahlia. The articho¥%e Julces were con-
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verted with scid and the levulose nraaipitated as the calcium
levulste, following closaly the method outlined by %Willaman (27)
in 1922. The dahlia jJulces were frozen to obtain the inulin,
which was converted to levuloge sirups of 56 - 90% purity. The
velocity constant of conversion of inulin at 100°C. in the pres-
ence of 0.0094 N. nhydroechloric acid was measured snd found to be
0.008641. Veloeity constants st three other concentrations of
acld were also determined, and by taking the differences betwesn
the constants at the varying aciditles, the investigators were
able to eliminate arithmetically the neutralizing influence of
the ash and arrive at an saporoximate veloclity of conversion of
ash-free inulin. The value obtalned was 0.02, while under sim-
ilar conditione cane sugar was inverted with a2 velocity of about
0.27. In other words, they found inulin to be more then thir-
teen timés as resistant to hydrolytiec action as cane sugar.

Jackeson and hie sssoclates were apparsntly the first to
really study the conversion of artichoke Juleces. They hested
175 c.c. of julce {concentration not given) to ?9.806. and acid-
ified with 2.0 c¢c.c. of 8.473 N. sulfuric acid. They stated that.
the resulting mixture was thus somewhat less than tenth normal
with respect to sulfuric ascild, since an undetermined portion

23. Jackeon, Silsbees and Proffitt, J. Ind. Eng. Chem.

16:1250 (1924) _ ,
24. Hocke, Z. Ver. deut. Zucherind., 76:821 (1926)
Sugar, 29:181 (1927)
25. Daniel, op. ¢it., (Reference B§)

26. Jackson, Silsbee and Proffiti, op. cit., (Reference 5)
27. %illaman, op. cit., (Reference 22)
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of the acld wse neutralized by the inorgsnic aonstituents of
the juice. The mixture wee msintsined st 79.8°C. and st ap-
propriate intervels of time, portions were removed and polear-
ized. Jackheon, Silsbee and Proffitt concluded that the result-
ant of tﬁa various resctionse occurring ﬁuring the conversion
process followe substantislly the course of a unimolecular re-
sction. They measurel a number of velocilty constants which
will be mentioned here for comparison with the present data.

Table 1 18 & summary of theilr results.
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Table 1

Veloclitiens of Conversion of Artichoke Julces Under Varying

Conditions of Acidity and Temperature. {(28)

{(The “appsrent” acidities are those which would hsave been pro-
duced in nure water.
was rendered ineffective by inorgsnic impurities.)

Temperature Initial

Oa. Rotation
79.8 +0.08

w 3§
78.2 A
99.0 -2 .40

1} .

ki =8

4 ~1. 29

3 1]

o} L]

1] 2 7

1 | T

L] 1]

23.

dackaon, Silsbee a2nd Proffitt,

Pinal
Roteation

-26.43

%
% |

-25.88

A

-34 .48

11

ki ]

2 ]

Apparent.
Mormality

0.10 580,
o.20 "
0.10 HC1
0.0294 "
0.0516 *
0.06867 "
0.0240 "
0.0462 "
0.0571 "
0.0676
0.0773
0.1041 "

on. 2it.,

A vortion of the acid in e=ch inetance

Yeloecity
Constant

C.0137
0.0788
0.0381
0.00327
0.02737
0.1371
0.0010
C.00593
0.0163
0.0353
0.0707
G.3172

{Reference 5)
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Jackson snd hie zpeosistes obgerve’d thet the velocities
vary coneidsrshly with the composition éﬁd cancentration of
ths Juilce. Theilr intororetation was that, for s pors concentrae-
tadvjaiam, 2 greater amomwnt of acld was rendsred ineffective by
the 1norganic lmpurities and the veloelty constante for glven
atrangthe of seid were tharefore lower. Thesge investisators
atsted thet "1t will undoubtadly »e nossibls to orsdict with
gaﬁisf&atgry arcuracy the vesloolty econstante for the respective
g221dlties Bs A fanatian of the concentretion of *+he solution
measursd sither by dsneity or rét&ry pover.,"

The above inveetlgstore performed ssveral experiments to
dsternine ths destirnative 2ffart of sulfurie e221d 2t teuwpera-
tures of 70 and 100%C. on levulore. Thelr results, nressnted

in Teble 2, indicete some deatruction of levrulose.
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Table 2
The Lecomposition of Levulosge %ga§ha Presgence of Sulfurie Acid
Temperature Time Lpparent | Polarization
g, Minutes Normality Sventzke
(control) 86.2%
100 15 0.0304 | 83.70
" 30 0.0304 82.90
" 15 0.0584 33.30
" 30 0.0584 81.18
{control) | 35.89
70 15 0.0474 - 85.87
" 30 O.04T4 85.53
“ 15 ©.0891 85.79

>
" 30 0.C891 85.26
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Schering (29) obtained patente on the trestment of an
agusous pulp of inulin with a volatile orgenic acid such as
formie, acetic or carbonic, decolorizing the sirup with chesr-
cosl and econcentrating to obtein the levulose direct. %When
carbon dioxide is usged, the process is earried out in suto-
claves.
Argen (30) obtained a number of natents in 1927 covering:
the purifiecation of inulin by Mg(OH),, Ga(OH}Q, CaCl,, bone-
blasck 2nd Ea2665; the hydrolysi< of tnulin by teartaric acid
or other acide until the rotation passes through a maximum,
decreases, and passes through a second maxiwmum even greater
than the first; the obtaining of fructose from 1nulin by 0.01
E; HC1 et 1&996., concentration of fructose sirup from purified
inulin by the use of less than 70% water and sn organic acid
such as tarteric of 0.015 H.
In 1928 Arsen (31) sscured two additional patents, the
first covering the elarification of inulin bearing julce to
form 8 mixture of inulin snid mthar»e&rhahydrates in solution,
hydrolyzinzg to convert into fructose, and adding =n enzyme such
as pepsin to remove protein impuritiea. The second patent
29. Sehering, Hritish Patent 272,876 (1926), French Patent
634, 5363 (1927)

30. Arsen, U.S. Patents 1,616,164%; 1,616,167; 1,616,169;
1,616,165; 1,616,172; 1,616,171; 1,616,170; 1,616,166
(1927). Chem. Abstr., 21:1026 (1927)

31. Arsen, U.S. Patents 1,663,233; 1,663,234 (1928)
Chem. Abstr., 22:1?00 {1928)
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. covers the hydrolysis of the polysaccharides contained in the
residue after 1nuiin nag beag raecovered from tha Julce, and
separasting the fructoss formed. |

Hibbert and Perdival (32) (1930) obtasined veloecity constants
for the rate of hydrolyels of 1ﬁu11n at 65°G. 1.172 grams of-
inulin were disesolved in 100 c.c. of 0.10 H. oxslic acid. The
initial rotation was -38.0 and the final rotation -80.0. The
mean value of ¥ was 0.000501. They observed that the reaction
414 not sasppesar to be monomoleculsr.

Me3lumphy {33) (1930) attempted to hydrolize inulin by
means of carbon 4dloxids undsr pressure, according to the method
of Sechering (34). At temperatures of 85 - 90°c. and esrbon 4i-
oxlide pressuree aporoaching 200 pounde per square inch, the
rotation indicated slight hydrolysis. However, the same recults
ware obtalned when no carbon dioxide wass uged, indicating that
the slight hydrolysie was simply due to the moisture and temper-
ature. It will be remembered that Crookewitt (35) hydrolysed
inulin by simply heating in weter solution for 15 hours.

In snother exparimenﬁ, @e&ium@ny added 465 a.c¢. of concen-
trated hy&rbehlaric acid to 28 litere of artichoke jJulecs. The
apoarent normality wes 0.1923. After the solution had stood for
nine hours at room temperature, the rotation wasg -4.5 ai 24°¢c.

32. Hibhert and Percivel, J. Am. Them. Soc., 52:3995 (1930)

33 Yedlusphy, op. cit., (Reference 1)

% . ESchering, op. cit., (Reference 29)
35. Crookewitt, op. cit., (Reference 8)
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The solution wags hested at 80°c. for forty-five minutes, at the
end of whieh time the rotation was -6.4 at 24°C. The solutilon
was heated =t 80°C. for an additionsl 30 minute periocd and the

rotastion wae found to be constant at -6.4.



B. Experimental

1. Method for Determination of Veloeity Constants.

Jackson, Zllsbhee and Proffitt (36) have shown that the
resultant of the various reactions ocecurring during the con-
version procease follows substantielly the course of 2 unimolec-
ular resetion, Tt is, therefors, possible to mezsure the vel-
oclity conetants of the rates of conversion of artichoke Julices
for different conditione of 20idity and temperature and for
diff@?ent concentrations =2nd compcaitions of jJuice. Thris fur-
nishee the moest saticfectory methed of attack for this problem.

Following the usual procedure, 2 gusantity of Julce wae
hegsted snd maintained a2t the deslirsd tempnersturs. The f&quiréd
guantity of a221id was added and nortionsg withdrewn from time to
time for polarization. Ilarification wase sccomplished by means
of & wolution a?‘normai lead scetete, as recommended by Jackson,
Silebee and Proffitt.

FPlaskse of 200 c.c. capzeity were supnorted Iin s conctant-
temperature bath and equ;pped with stirrers. Three hundred and
sixty cublec contimeters of Jjulce wag »nleced in a flask 2nd al-
lowed to heét up Lo the temnerature of the bath (30°c2,)  TForty
cublc centimsters of 0.9495 . nydrocnloric =2c¢1d was added and
st the end of five minutes 10 c.o. of the mixture was removed
by means of a nipette and added to 10 c.e. of 0.2 saturated nor-

mal lead acatate solution. The s=anle was cooled ranidly to

36. Jackson, Sllsbee and Proffitt, op. cit., (Reference 5)
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room temperature by shaking under a stresm of water and then
filtered through & small Tilter psper. This procedure gave
s very satisfactory elarificsation and ths solution wes resadily
polarized in a 160 mm. tube. At avpropriste intervale, other
sanples were withdrawn, clarified, filtered and polarized.

Teble 5 shows the data oblLalned and the constants calcu-
lsted, and also zives the same information for a duplicsate run.
The constante obtained, 0.0137 and 0.0135 respectively, sare
typiecal of the checks obtained in other dunliecste runs and in-
diséta the precision to be expected in dsta of thie type; it
will be noted that although the individual constants may very
as much as four unite in the second eslgnificant figure, the
averages agrez clogfaly enough for the purposes of this investl-

#zation.



Table 3

Velocity constantg for the rate of conversion of artichoke
julce (14.4% total solids) with 0.095 N. HC1 at 80°C.

Run Time Rotation R¢~-RBa Log Bp=Rey K= 1 log Rp=~Ron
No. minutes observed v Rt -Rep AT B¢ ~Rep
1 ) +2.2 10.0
5 1.5 9.3 0.03152 0.0145

20 -0.4 T4 013077 0.01%0

45 2.5 5.3 0.27572 0.0142 Avg.

85 4.9 2.9 0.53760 C.0146 C.013Y

120 5.8 2.0 0.69897 0.0135%

190 6.7 1.1 0.958861 0.0117

315 7.6 0.2 1.69897 0.0125

w 7.8
2 0 + 2.0 9.7 _

20 -0 .4 T3 0.12345 0.0143

50 2.9 4.8 G.30553 0.0141

85 4.4 3.3 0.46826 Q.0127 Avg.

115 5.6 2.1 0.66455 0.0134 0.Q0135%

185 6.8 0.9 1.03253 0.0129

285 7.5 0.2 1.68574 C.0136

Lo o} T.7
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2. Titratable acidities of raw and converted Juilces.

It wes obeerved by Jackson, Silshee snd Proffitt (36) that
for e glven concentration of ascid the conversion orocecded more
glowly 1in a concentrated Julce than in a mors Adllute jJuice.
They interpreted this se being due to the neutralizatiocn of a
vortion of the acid by the inorgsnic oonﬁtituenﬁﬁ cf the jJjuice.
Congeguently, in & more concenirated jJjulce, '& grester smount
of acid wss rendered ineffective by the inorgsnlc lmpurities
and the veloelty constants for given gtrengths of acld are
lower .

In order to test ihis theory, a number of titratlons were
made and the resulte are nraesented in Table 4,

Table 4

Normalities determined by tiltration with sastandard
NaOH solution, nhenolphthalein indicsator.

% total sgolide 7.2 14 .4 18.0 26.1
Raw Julce - 0.0143 0.0248 0.0306 O . 0445
Acid added 0.0950 0.0950 0.0950 0.0950
Totel 0.1093 0.1188 0.1258 8.139%
tctual titration O.1L020 0.10383 0.1212 0.1292
Difference 0.0073 0.0100 0.C044 0.C103

Becauge of the coloration of the julces, even when highly
diluted, 1t wsg difficult to determine the exact endpolnt. This
is advanced as 2 nosgible explanstion for the difference hetween
the normslity of the converted julce and the sum of the normal-

ities of the raw Julece and the acid added. It 1s hardly pos-
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gible that this difference repressnte the smount of the added
acid whiech is neutralized by inorgsnic imourities becsuse, if
such were the cage, this difference would increase regularly
with ineresse in the concentrstion of the Julce. No sveh regu-
lerity 1s noted in the wvaluaes of Teble 4, snd furthermore, one
of the more concentrated nlces gilvee the lowest value for this
difference.

¥rom thege deta, we conclude that the actusl titratable
scldlity of a converted Juiece is practieslly equsl to the initial
acldity of the raw Juice plus that of the acid added. If any
of the acid i1s ‘rendered ineffective by inorgsnic impurities"
as claimed by Jackson, £ilsbee and Proffitt, it 1le 2 negligibdble
'quaﬁtity. For =z given concentraetion of added acid, the more
concaentratad julces have a higher titrastable acidity than the
leegrs concentrated julces, due to the higher initial acidity of
the raw Julce.

If it is true that a more concesntrated jJuice haas a lower
valoclty constant than & lesz concentrated lulce at the same
aéidity, 1t i¢ necesgary to look to other fretors than the

titratable acidity for the explansation.
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e

C?fgj/ Conversion wiith hydrochloric acid,

Table 5 glves the veloclty constants obtained for the rates
of ecounversion of artichoke Jjuices withr hydrochloric acid at 80°¢c.
Two serizs of determinstions were made, in the firet the acidity
waé held coungtzat while tho concentration 2f tha juice wag
vartzd, snhile ln Lhe gaconl thz 201ty was varisd and the con-
centration of fulc: nhald constant. The o9 values of tha —onvert-
2d Julces were obtainsel by means 2f thae guinhyirsns slecstrode in
the upgael mannsr. Tollowinz the mannsy of Jackson, Sillshee and
Proffitt (37), ths norrality of acid that would be obtsained by
8 2orreaponding dllution with Atetilled water 1e tarmed the ap-

parent normality. The apparsnt normplity is used and recorded

ch

in this work for the reason thet 1t gives the smcunt of acld
actually added to the jJjulce. The dstrs nresented leter indlcate
that trhis informastion 1g of more value than the totsl titratable

acldity of the mixture.

37T. dJackson, Silsbee and %réffitt, on. cit., (Reference 5)
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Table 5

The converslon of artichoke Jjulces with HCl at 80°C.

Juice Apparent Velocity (guinhydrone
% Total Solids Normality Constant electrode)
{refractometer) - pH
7.2 0.095 0.1680 1.68
14 .4 * 0.0136 2.80
18.0 ? 0.0053 3.19
26.1 : . C.0015 3.83
14 .4 0.0475 0.0009 4,10
" 0.09%0 0.0136 2.80
* 0.1425 0.0690 2.09
" 0.1900 0.2310 1.55

The first four figures in column 3 show an increase of one
hundred-fold in the vslacity‘eanstant for a jutice of 7.2% total
solids, as compsred with 2 Julce of 256.1% total solidse, the
apparent normslity being constant. This v&gt\differehea shows
that values of the velocity constants are worthless unless the
consentration of the julce is svecified. It will be pointed
out later that varistions in the composition of the jJulce affect
the velocity constante to & much smaller extent. Apparently,
Jackeaon, Silabee and Proffitt were unaware of the very large‘
difference caused by concentration. They observed that juices

of higher concentration were converted more slowly than Julces
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of lower concentration, but they record their constants without
speclifying the concentrations of the jJjulces other than to men-~

tion that the concentrations are illustrated by the final rota-
tions. Since they do not give the details of their method for

clarification or state the tyne of tube used for polarization,

it is impossible to determine the conecentration of thelir Julces
from the date glven.

In the second part of the table, ithe concentration le held
constsnt while the apparent aclidity is varied. It was to Dbe
axpected that the veloclity constant would increase with 1ncresse
in appsrent acidity.

A study of the pH valuss obtained indicateg definitely that
the reason for the differences in the veloecity constants for
different concentrations of julce st the same apparent normsl-
ity 1g to be found in the buffer action of certsin of the con-

stituents of the raw Juice.
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.47 Conversion with sulfuric scid.

For the conversion of artichoke julces on & large scale of
operations, sulfuric scid has s number of sdvantsges which
should not be overlooked. In the firet place, it 1g the cheap-
est of all acids. The cost Tactor becomes of the utmost laport-
snce ae soon a8 the sczla of onerations begin to approsch com~
marceial production. Eulfuric zcid hae the 2441tilonal advantage
over hydrochloric acid of being precipitsted out a&s ths ineoluble
caleium sulfate when the converted julce iz neutralized ﬁith
hydreted lime. Thus, 1t does not add to the dissolved ilmpur-
itles ae 1¢ the case with some of the other =acids.

Table 6 gives the resultis of eight determinationsg of veloc-
ity constasnts made with varylng strengths af_ﬁulfuric acid end

verying concentrations of jJuilce.
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Table 6

The Conversion of Artichoke Julces with H,S50, at 80°C.

Julece Apparent Velocity pH
% Total Solids Normality Constant {quinnhydrone
(refractometer) alectrode)
14.4 0.0573 ©.0013 3.92
" 0.1147 ©.0109 2.77
W 0.1720 0.0513 1.9%
* 0.2294 0.127C 1.61
30.8 0.1560 0.0107 2.77
30.7 0.2364 0.043%3 1.94
30.6 0.3150 C.0973 1.45
30.5 0. 3940 0.2170 1.23

In the second end Tifth lines of the above table are toc De
found constantse that are practically identical. Tt will be
notad that the nH valueg corresponding to these constants are
the ssme, sltho one jJjuice contains 14.4% total solids and
0.1147 N. acid while the other contains 30.8% total solide
and 0.1560 N. acid. This suggests the possliblility that the
velocity constant depends only upvon the pH of the mixture of

acid and Jjulce.
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¢~577 Decomposition of levulose during conversion.

Jackson, Silsbee and Proffitt (38) renort a decreasge in
rotaticon for solutione »f pure lavulega‘aaidified with salfuric
acid (0.0304 - 0.0891 N.) and maintsined at 70 and 100°C. for
15 to 30 minutes. No pH vslues are given in eonnaétién with
their work. They conclude that "under sny conditions of acidity
and temperature which are necegsary for the conversion of the
inuline, levulose probably suffers more or less destruction.”

Juet 28 the conversion of the inulins &%p@nﬁﬁ primarily
upon the pH wvalue of the solution, g0 will the destruction of
the levulose g0 Tormed also depsnd unon the pH¥ valus. Recausge
of the very decided buffer asction of certailn constituents of the
julce of the Jerusalem artichoke, which wsas agménﬁtrated in
sections 3 and 4, it is misleading to compere a run of thise
tyoe to a conversion experiment hsving the same aonperent acidity.
Suech comparisons must be on & pH basisg.

In order to obtain data concerning the destruction of lev-
ulosge under certesin conditions of »H and tempersture, the fol-
lowing experiments were carried out.

Approximately 12 grame of levulose {prepared 1a this lab-
oratory)were dissolved and diluted to 200 e.c., placed in one
of the converslion flasks in the water beth, esnd brought up to
80°C. Ten c.c. were removed and polarized. One oc.o. of

23.6369 H. sulfuric =2cid was sdded to the remainder of the 6%
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levulose solntion, and nolarizations made at intervals ag shown

in Teble 7.

38. Jackeon, Silsbee snd Proffitt, on. cit., {Reference 5)



Tadble 7

Decomposition of 6% levulose solution =at 80°2. and oH of 1.31

Time Rotation
minutes Oyentzke
O -11.4
15 -11.4
37 -11.4
120 ~11.4
195 “11.4

For the next run, approximetely 24 z. of the s2me levulose
was disegolved and diluted to 200 c.o. &nd 2 c.c. of the 235.6369
N. sulfuric =0id was s2dded after 10 c.c. of the original solu-~
tion hsd been removed and polarized.
Tsble B

Decomposition of 12% levulose solution at B80PC. and oH of 1.12

Time Rotation
minutes Oventzke
0 ""22 o(}

15 ' -22.0
45 “‘224\0
30 -22.0
130 : ~21 .7

The same run was repested at 90°C.
Table 9

Decomposition of 12% levulosas molutilon at 90°C. =nd pH of 1.12

Time Rotation
minutes . Oyent.zke
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These date show that, at temperatures up to 80°Z. and pH
velues down to 1.12, the amount of lsvulose destroyed in 60 min-
utes is 1nsign1fiean§. The converslion experiments reported so
far in this work show that it #1111 never be necesessry to exceed
these conditiong in practiecsl work, since jJjuices of any concen-
tration m=2y be compnletely converted at p!l values above 1.12 in

60 minutes or less.
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67 Conversion as a function of pH.

In order to obtain sufficient data to plot & curve showing
the relationship betlween the pH of sny scldified artichoke julce
and the values of the velocity constants of the rate of conver-
slon, somre additionsal veloeity constsnts were determined. These
are QP&S%ﬁt&ﬁbiﬁ Table 10.

Table 10

Conversion of artichoke julces at 80°C.

Apparent scidity Juice Veloelty pH
% Total Oolids Constant {ainhydrone
{(refractometer) electrode)
0.114 H. Hp80, 7.05 0.0766 1.71
0‘3?1 " 26'59 Gnll 1‘5&
0 00782 N . Hcl '? » 10 . O 0Q986 1 -8@
0.175% 4 22.30 0.0262 2.49
0.216 ° 21.80 0.0984 1.86
0.267 * 23.30 0.165%0 1.51

Figure 1 shows the pH values plotted against the velocilty
constants for all the determinations presented in this work.
These date represgent varioug concentrsations of Julece and acid
at a temperature of BQOG., both sgulfuric and hydrochloric scids
being used. It 18 evident from the curves, that the velocity
conatant 1¢ & function of pH only fTor either =cid. The fact
that the two acids form sepsrate curves 1¢ presumedly to be at-

tributed to the relative influences of the negative ions.
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7. The techniqua and sontrol of converslon sz a gtep in the

process for the commercial production of levulose from the
Jerugalem artichoke.

From & commercial standpoint, 1t is necesssry to know how
to completely convert a Jluilce of any concantration or composi-
tion in 2 reasonsable time 2nd without the destruction of ap-
nreclabhle guantities of levulose.

The work which heg been renorted so far was 211 done on
julce prepared from dried srtichoke chipe. The chips were ex-~
trected in & diffusion battery of six to =2ight cells. The bat-
tery woe operated in the usual manner so thet the fresh weter
ceama in contaet with the most nearly éx&auﬁteﬁ chipe, while the
concentrated Jjulce pnasse=sd through ths fresh chips. In some
cacsag, the Julce was obtained Trom this small diffusion battery,
and in other cases, from & similliar procedure usins beskers in
2 weter bath. The julce was usually mede un fresh for cach ex-
periment, the only precaution necessary was to see that the chipa;
were completely exhsusted before discarding. Since concordant
results have been obtained throughout the work, 1t 1is evident
that minor differences in composition, such as would be encount-
ered in the day to dsy operation of & commercisl plant, are of
no conseguence. The discussion of the effect of major differ-
ences in composition, such as the use of differant varieties of
Jerusslem artichokes or different methodg for cbtalning thne

Juilce must be deferred until after the presentetion of addition-
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el data.

In connection with the semi~comm3rcigl production of levu-
lose at Iowa [tate College, it was desired to convert batches
of Juice in exasctly one hour's time, regardlees of the concen-
tration of the jJjulce, in order that the step should Tit in as a
unit in the whole process. The veloclity constant required for
99.9% conversion in sixty minutee may be computed as follows:

K = log 1000 = 0.115

1
C0.E3E3 (607 1

From the above csalculation, we find that a constant of
0.11% ias reqguired to convert 99.9% of the julce in sixty min-
utes. Pigure 1 shows that at 80°C. s constant of 0.115 is ob-
tained at 8 pH of 1.5 whan sulfurie acid is used, or at a pH of
1.75 when hydrochloric acid ie used.

In order to be able to obtain any desired pH easlily, the
following series of exﬁarlmanﬁa were carried out.

Several liters of approximately 46% Julee was prepsred.
Dilutions were made so as to give sight differagt eoncentrations
of Jjulce, from 40% down to 6% total solids. Refractive index
measurements were made on each solution and the percent total
solids ecsleculated therefrom.

éolutions of sulfurie and hydrochloric acid, approximate-
" ly 2 normal, were prepared and standardized by titration with a
stenderd sodium hydroxide solution, using phenolphthaleln indl-

cator.
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The method of procedure was to tgke 20 c.c. of Jjulce and
add s gquentity of scid solution and suffiecient water to meke
the totel volume 25 c.c. After thorough mixing, the ol of the
solution was determined, using the gulnhydrone electrode in the
usual manner. ¥For esch concentration of 3u1ee, rree or four
di1fferent pronortiones of the acld were used, care being tsken
tc include pH valueg both lowsr and higher thezn the 1.5 « 1.75
range in whish we were interested.

The data obtsined when sulfuric acid wss used sre present-
ed in Takle 1l1. The first column showe the concentrsation of
the Juice after dilution with acid and water, gince in commerc-
1al work conaant?atai gcids would be used and the amount of
d1l1lution would be insignificant. The normalities given were
caloulated from the amount of scid added and corresvond to the
apparent normslities used elsewhere in this work. The resson
for the use of apnarent normalities is obvious. VWe are inter-
getad in the amount of acié that has actuslly been added to
the Julce, not in the total titratable acidity of the jJulce.

Tt was pointed out in section 2 that values of the total titrst-
ables acidity were of no value in connection with the velocity

constants of the rate of conversion.



Table 11

Hormelity~pH dsta for Different Concentrations of Juice Treated
with Sulfurlc Acid. {Acid used, 2.3955 M. Hy804)

Juice A B o D
BT 5. ‘
c.2. acia 1.06 2.00 0.50 1.50
HNormality 0.1016 0.19186 O.C4T9 0.1437
4.8 E.M.F., 0.3233 0.3420 0.2804 0.3342
pH 1.62 1.31 2.36 1.45
c.2. acid 1.00 2.00 1.50
Kormality 0.0958 0.1916 0.1437
8.65 B.H.F, 0.2973 0.3357 0. 5240
pH 2.07 1.42 1.61
c.c. scid 1.02 3,02 2.00
Normallity 0.0977 0.2894 C.1916
pH 2.62 1.29 1.61
s.e. acid 2.00 - 3.00 2.50
HNormality 0.1916 0.2875 0.2396
16.7 E.M.F. Q.3090 0.3372 0.3265
~ pH 1.87 1.40 1.57
c.c. acid 2.00 4.00 2.00
Normality 0.1916 0.3833 0.2875
19.9 T.H.P. 0.2916 O.3446 G. 3284
pH 2.186 1.27 1.54
c.c. acid 3.00 4.00 3.50
Normality 0.2875 0.3833 0.3354
25.0 B.H.F. 0.3187 0.3415 0. 3328
pH 1.71 1.32 1.46
c.c. aciad 4:00 50 5:00
Hormality 0.3833 0.2875 0.47931
25.5 B.M.F. 0.3339 0.3075 0.3470
oH 1.45 1.90 1.23
c.c. acid 5.00 4,00 4.50
Normality 0.4791 0.3833 0.4312
34,2 DL.M.F, 0. 3550 0.3142 0. 5255
pH 1.43 1.79 1.59
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Another serieg of exveriments wers performed in which hy-
drochloric 2¢id was substituted for suwlfurie ascid. Ths results
are presented in Table 12.
Table 12

Hormallty-pHl dats for different Concentrations of Julce Treated
with Hydrochloric Aecid (Acid used, 1.920 ¥. HC1)

Julce A B c
T 5.
c.c. soid 1.00 2.00 0.50
Normality 0.0768 0.1536 0.0384
4.8 LeM.F, 0.32%0 0.3%12 0.2694
pH 1.60 1.16 2.54
c.0. acid 2.00 3.00 1.00
Normality 0.1536 0.2304 C.0768
pH 1.56 1.13 3.09
c.c. scld 3.00 4,00 2.00
Normality 0.2304 0.3072 0.1536
19.9 B.HM.P. G.3315 0.3862 0.2730
pH 1.49 1.07 2.48
c.c. acld 5.00 %.00 4 .00
Normallty 0.3840 0.23 0.3072
25.5% A JF. 0.3603 0.2966 0.3400
pH 1.00 2.08 1.3%
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in order to make use of the information contained in Tables
11 and 12, 1t 1s necessary to plot a series of curves showing.
the relation between ths appsarent normality and pH values for
each concentration of juice. The data for sulfuric acid are
plotted in Figure 2, while Figure 3 shows gimiliar curves for

hgarechlbrlc acid.
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vAr_ tichoke Juices Treated With HC/
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From the curves of Figure 2, the normalities corregponding
to pH wvalues of l.sbwer@ obtainel by ianternolation. “hen these
normalities were plotted ageinst the corresponding concentra-
tions of Juice, a straight line was obtainsed. In other words,
wg have found tnat the amount of acid required to proiuce 2
definite pH is directly propertionai to the concentration cf
the Juice, as m@asﬁrmé by the refractive index.

By interpolation and sxtrapolation, we msy compute the
amount of acid required to nroduce a pH of 1.5 for a jJulce of
any céneentratimn. Table 13 shows the valueg for aprnarant nor-
mality thus obltained. The data for hydrochloric acid were trest-
ed in the same manner, and the third column of Table 13 givesn
the wvalues for the saspparent normalities required to produce a

pH of 1.7 by the use of hydrochloric =mcid.
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8. Effect of major differences in composition.

A qusntity of Julce was prepsred by soesking dried artichoke
chips in hot water for forty-~five minutes and presesing out the
Juice with a em=2ll screw press. This procsdure should produce
a Julece of different composition because much of the soluble
material, which 1ls removedl by the diffursion process, remained
in the pulp. Cince the rolubilities of the extré%table COmMDOYL~
ente of the artichokes aré di1ffsrent, any orocess that does not
completely extract the sartichokes will produce a Juice with a
higher percentage of tﬁe more soluble constituente znd & cor-
resoondingly lower percentage of the leegs soluble consitituents.
Cuch 2 Julece would exhibit a different buffer action, end s 41f-
ferent guantity of acid would be reaquired to convert it.

The refractive. index of the solutlon was determined and
corresvonded to 2 concentration of 19.6% total solids. Accord-
inx to Teble 13, an apnarent normality of 0.292 with sulfuric
acld should produce a phi of 1.5 and a veloecity constsnt of 0.115.
The pH weg found to be 1.29, while the velocity constant was
0.234.

fnother vortion of the julce wae treated with hydrochloric
acid. The r@eulting'ﬁnlutlan had a concentrstion of 15.8% totsal
s0lidg, while the apnarent normality was 0.194. 'It wae calcu-
lated from ?1gureé 3 and 1 that =zn annarent narmality of 0.194
with hydrochloric acid in a julea whose concentration 1e 15.8%

total solids, Should produce = pH of 1.5 and a velocity constant
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around 0.170. Ths pH was found to be 1.3, and the veloeity con-
stant was O.283.

In the sbove experimente, instead of obtalning pH values
ef 1.5, we obtained values of 1.29 and 1.3 respectively. With
either hydrochlorie or sulfuric acid, the value 1a practicelly
0.2 of a pH unit lower than for juilce obteined in the ordinary
manner. This shows that a julce obtsined by s method that does
not completely extract the chips hees less buffer action than =
Julce of the ssme concentration obtslned by the regular methods.
For this resson, the dats of Tables 9 and 10 will not apply to
guch jJuleces.

The curves of Filgure 1 wers extended and it wae found that
veints reoresenting the dats of the sbove experiments did not
fall on the curves, but considerably below them, thus ghowing
thst 8 lower pH was required for & given value of velocity con-
atant. The law of mass action would anticipate such a’reault,
since thé concentration of inulin and levulins 1s proportion-~
ately lower in such a Juice. This means that the curves of Fig-
ure 1 cannot be used in connection with Julces having 8 compos-
ition considerably different from the Jjulces used for obtain-
ing the data. ,

These coneclusions can b&‘exgsat@d‘to apnly eqaally‘wgll in
the csse of different varieties of artichokee, which would yield

Julces of different composition.



- {7 -
In the case of major differences in composition, then,
it 18 necessary to obtain new data, and prepare new graphs show-
ing the relationshlp between pH and the velocity constants, and

between pH and the apnarent normalities.
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' C. Discussion

To develop & process from laboratory scale to commercilal
production is uesuslly a difficult undertaking. This statement
18 especislly true of the levulose problem. Levulose is a prod-
uet that would be of great value to humanity if its large scale
production could be asccomplished. During the past fifty years,
many attempts have besn made to solve this problem, but the fact
that levuloss le only avalilable in smsll quantities and at high
prices shows the fallure of these efforts.

An improved procese hag been developed at Iows State Colleze
which embodieg some important economie advantages. Detaile of
the process have been given by ¥eZlumphy (40), snd the work of
adapting 1t to semi-commercial production is under way. Durlng
the past yesr, many nroblems have arisen in c&nn@ctian‘wizh this
work. Some of these oproblsms were quilckly solved, but others have
required sn extended investigation. Of the latter, the matter
of the conversion of the substasnces of the inulin group, together
with the small amount of sucrose contained in artichoke jJjulces,
wag one of the first to come to our sttention.

The optimum conditions for the conversion of artichoke
Juices were not determined by onrevious investigstors. The un-
derlying factors of the process were little understood, snd even

in the most recent and complete work, unlustified assumptions

40. Mc3lumphy, op. c¢it., (Reference 1)
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ware made which caused the investigstors to overlook a most im-
nortant factor.

It 1g interesting to note thst, althousgh the conversion
reaction is undoubtedly of =2 high order, the resultsnt of the
various resctlions followe substentially the ecourse of & unimol-
acular resction. The precent data sre in so~ord with those of
Jackson, Silsbee =2nd Proffitt (41) on thie point.

It ig difficult to understsnd why previous investigators,
especlially those of recent yesrs, hsve always approached the
problem from the stsndpolnt of titrateble scidity, rather than
hydrogen-ion concentration. The vsasrious sugers and complex
polysgaccharides are known to exhibit buffer sction, and the
inversion of sucrose haé leng been known to depend on hydrogenw
ion eoncentrsation or, mors accursately, on hydrogen-~ion sctivity.

Tre f2llure of »nH-veloeity constant dsts for svlfurice =snd
kydrochloriec =cids to f2ll on the same curve indicates a differ-
ence in the action of the negative lone on some of ths constitu-
ente of the Juilce. It 1s nossible that moleculsr combinstions
are Tormed between the ione and certaln constituente of the
Juice. This phese of the oroblem will recuire more work before
these relastlions are undersatood.

" The present data concerning the decomposition of levulose

under conditions of high acidity and temperature appsrently do

41. Jackson, Silsbee and Proffitt, on. c¢it., (Reference 5)
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not agree with those of Jackson, Silebes and Proffitt (41),
altho they are not exactly compsrable. A poegsible explanstion
of this lies in the levulose used in our work. A rather crude,
yellow colored levulose obtained from siruns thsast had been al-
lowed to cryetsllize by abandonment was used in order to more
nearly spproximate conditions in the raw juilce. Certain of the
impurities in the mother liguor were pressent, and might well
heve provided = certaln protective influence. In any event,
the data obtalned are more to the point than i1f highly purified
levuloae had been used, and they are substantisted by the fact
that meny of the converted julces were maintained at 80°C. for
long periods of time wlthout showing loss in rotation.

Yore data rezarding the rate of converaion of jJulces of
varying eampoéiﬁiana are desirable. The dats at hand indicete
that the error which would result from usging the data of Table
13 for the conversion of a jules of 4different composition would
be slight, and on the silde of safety. A foew determinatione of
veloelity eoneténts and pH valueg would readily show whether or
not theece dsta could be apnlied to a julece of unknown composi-

tion.



DESICCATION OF JERUBDALEM ARTICHOKE TUBERS

HMeGlumphy (42) made =2 study of ths desiccation of Jerusa-
lem artichoke tubers and the use of the dried chipe for the
production of levulose. He found z number of advsnteges were
obtained when thevdasieéation.praeaga wag employed, snd present-
ed a design for a continuocus drier. Thise drier has been built
and operated and a summsry of the resulte obtained will be pre-
sented.

The continuous drier consists of & screw conveyor, 8ix
inches in dlameter and ten feet in length, supvorted in & gal-
vanized iron trough. A wire screen through which hot alr cen be
p&aﬁed is supported directly under the screw, and the sliced
tubers are carried aslong the screen by the screw. The trough
ie divided intd three sections, esch with 2 plpe connection
through which hot air may be sdmitted. MNedlumphy found that
temperatures up to 125°%. may be employed during the first stages
of the desiccation process without herming the product, but that
the tsemperature must bs reduced to BOQQ; or less during the last
stages of the process. The divielion of the trough into three
compartments nermits the use of different temperatures st A4if-
ferent stag@s aof the desiccestion éraagss‘ & mechanical slicer
is attached to the inlet end of tn@}traugh, snd the sliced tub-

ers are fed directly into the screw. A mechanlcal arrsangement

42. We3lumphy, op. ¢it., {(Reference 1)
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permlits the screw to be opersted st different speeds so that
the time of drying may be sdjusted when necesssry. The air is
supplied by & Buffalo volume fan operating at 3600 R.P.M. and
gupplying 720 cubloc feet of air per minute. The air heater con-~
slsts of a bank of 36 10-foot sections of one-inch pipe enclos-
ed in a galvanized iron box. The fan is placed dlrectly under
- one end of the heater and blows the sir up into the box where
2 system of baffles causes it to peses up and down over the plpes
several times during 1te passage through the box. £ number of
openingse sre nrovided s2long the side of the hester box, and
verious temperatures of air (50 - 127°%.) may be obtained, de-
rending upon which openings are used.

After a few preliminary trisls, satisfactory operation of
the unit wag obtsined, and shout Fifty bushels of Jerusalem
artichoke tubers were desiccated with this equlipment. The de-
tails of a typical run are presented.

Two bushels of tubers were dried in two hours and forty
minutes. The average temperstures weres asg followsa: 115°C. 1in
the first compartment, 112°C. in the second compartment, and
85°C. in the last comnartment. The aversage static opressure in
the heater box was 4 inches of water, ss measured by & manometer.
4 ssmple of the dried chips was anslysed and showsd 5.80% moist-
uraQ

MeGlumphy made & number of sugar analyses on both fresh
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and dried tubers and concluded that tha’éesiacaﬁian procaess,
when properly carried out, did not destroy an appreciable amount
of the sugars pres&nﬁ. In order to determine whether the above
drying procedure wars catisfactory in this regerd, anzlycses wers
‘made on 2 ssaple of the dried chips and on fresgh itubers from the
game baskets of artichokes. Ths sugars were determined by Ost's
cupro-carbonate method as modified by Nyns (43). The following

resilts were obtained.
Dried chlips Fresh tubers

% levulose {(dry basgis) 65.97 64 4%
% glucose " " | - 12.85 12.40

The slightly higher valuesa for the sugare in the dried
chipe indicate nothing more than the shortcomings of the method
of analysis. The values check as well &5 méy be expected from
exnerience in this laborstory with:ﬁyns’fmsﬁhad of analysis, and
we conclude that no appreciable smount af:bﬁgar has been des-
troyed by the desiccation procesd. N

One difficulty was encountered in tha,&yéﬁaﬁien of the con-
tinuous drier. When the sllce&;&rﬁlchake*gﬁﬁﬁxﬁ were partially
dry, they became somewhat sticky and tended téﬁball together.
This necessitated occcaslional $btrriﬁg-thraaghé&t the trough to
bresk up the clumps. After the clumpse war@“:’ brmﬁ:gn up #nd the
drying hsd progressed further, no more trdﬁﬁle,w%g encountered.
The chips were carried along nicely by the qgrew\£nd were Adis-

43. Nyns, Bull. assoc. éedﬁe sup. bfgsheriﬁNLGuvain,
25:63 (1925); Chem. Abstr., 19:1236 (1925)

N
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charged from the end of the trough in & continucus stresm.

In order to determine the effectiveness of =2 tray drier
for the degiccation of artichoke tubers, the following trisl
wes made. vA wooden box two feet wide, three fest long a2nd two
feet deen woe equipped with a false bottom of wire sereen plac-
ed sbout nine inchee from the ton of the hox. A bushel of sgliced
tubere were placed on the sereen, snd hot air a2t & tempersture
of 125°. was admitted into the bottom of the box. The static
pregeure in the hester box wae equivalent to gix inches of water.
The drying wes continued for an hour asnd e half, at the end of
wnich time 1t wag found that the chips at the bottom snd eides
of the box were too bhbrown, while those in the center were not
completély dried. There wa2e a tendency Tor the mess to pull
away Trom the sldes ae the drying »rogressed. This indicated
that sgome stlrring would be necessary fqr the successful drylng
of artichoke aslices with & tray drier. Furthermore, previous
experience indicated that the temperature sghould be lowered as
the dryingiprmgr@sgad.

Some further expsrimentsl wort was done using several tLrays
operated at dacreaging ﬁemp@ratur@a anl trensferring the chips
frém tray to tray. The final srrangement conslsted of two trays
like the one described above a&and a third tray somewhat deepsr
then the othere and divided into two sections. The average

temperature in the firet tray was 1DBGG, while the second and
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third traye were maintained at about 95°¢. ana 73%¢. respectively.
A lerge square of cloth was placed in esch trazy to ald in trans-
ferring the ehips. The cloth was lsrse enough that 2 consider-
eble margin hung over the sides of the tray, sni the corners
could be gsthered together to 11ft ocut the chips. A bushal of
s8liced tubers were placed in the first tray and allowed to re-
main forty-five minutes. At ths end of thie time, they werve
lifted out by meane of the cleth nnd dumped into the second
tray in such a manner that the mass wsg inverted and the chips
that had been on the top of the firsi tray were on the bottom of
the second tray. The first tray war refilled with fresh elices
and the drying continued for mnother forty-five minutes. From
the second tray, the c¢hips were treansferred to iha firet section
of the third trsy, and Tinally to the second section of the
third tray. Hach bstch of chivs wasg thue sublected to the action
of hot air for a period of three hours, during which time the
tempersture was dropped from 108°%¢. to 73°3. The three trane-
fers thoroughly mixed the chivps =0 thet uniform drying was ob-
teined. The molisture content of the chips dried in this manner
varied from 4% to 6%. The process was gqulte sastiefactory and
ebout sixty bushels of Jerusslem artlchoke tubera were deslc-
cated by means of this equipment.

It would be relatively gimnle to manatfueﬁ'& drier of this’

type in which the trays were automatically dumped at the end of
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each drylng period. Another poseible modification would be to
euploy drying trays for the Tirst stages of the process and trans-
fer the chipe to the contimuous 4drier when they were no longer

stilcky.
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DESIGN OF EQUIPMENT

£A. Continuous ZExtraction Unit

There are many advantages to be gained by msking a process
or 8 step}in & procesg continuouns. The more iwmportant advsnt-
agesg are a more unlform product, lese labor expense, and better
control. Meny industries hsve changed over from the 0ld batch
methods to continuous processes, but there are very faw cases
whers this has been done in the sugar industry.

In the deglign of ecuipment for the seml~commercial produe-
ticn of levulose, we wish to utilize the advantsges of the con-~
tinucus process as mach as possible. With thisg poliecy in mind,
an gpparatus hse been deeigned which will msterially dscressge
the amount of labor and att@ntioh required for the extraction
or diffuslion of the dried artichoke chips.

4 dlsgramatic sketch of the continuous extraction unit 1is

shown in Figure 4. The cells of the arainsry diffusion battery
are replaced by a number of cups festened to en endlees chaln.
A tube reaches from the bottom of each cup t© an opening in the
side, near the top. This s2llowe the liquid from the bottom of
the cup to overflow and run down the chaln into the next cup.
A sultable screen ig placed in the bottom of esch cup to vre-
vent ths tube from becoming clogged. The artichoke chipe are
fed into the tank, either automaticelly or by hand. E&ch cup,
as 1t passes through the bottom of the tank, is filled with
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Continuous [Lxtraction Unit
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ehips. The chipe are carrisd up through the tank and are dump-
ed as theg cups pass over the upper wheel. The water passes down
through the chips by gravity, being itrsnsferred from the bottom
of ona cup to the ton of the cupn directly undernesth. Dy the
use of the overflow tube, the cups zre Tull of water at all times,
thus assuring effective diffusglon. The concentrsted julce col-
leets in the boitom of the tenk where 1t 18 in Adirect zontast
“with the fresh chipe being fed into th= apparatus.

An automstic water control ic ashown in eonnestion with the
continuous extrsction unit in Figure 4. The concentrated Julce
i1s drawn off tnrough an opening near the bottom of ths large
tenk. 7The Julce then nasses in the bottom and out the top of
an open éylin&ar containing 8 larges hydrometer. A clight move-
ment of the hydrometsr will ewing the small rubter tube admit-
ting the weter, and cause the wataer to be wastad to the sewer
or run into the cups as required.

Another szutomatlic feature of this design 1= the electrie
warning signal. Thlsg consists of = lever wiih a emall cup =at
onas 2nd and a countsrwelzht and an 2lsstrie contact at irke other
end. The cup has & amell hols in ths bottom ﬂé it w11l drein
gulekly when ths flow Gf‘juic& gtope. This hole 1¢ small enocugh
g0 the cup 18 running over ag long z¢ ths proper rste of flow 1s
maintalned. %hen the rate of Tlow drops below & préaet@rminaa
value, the cup empties cloeing the electric contacts. This

rings & bell to csll the opersator.
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A s8light modification whlch might producs better results
is to extend the over?la% tube down the sutside of the cup to
the bottom. This would »nrovide the familizr effect of the
foxhlet extrsction apnerstus. The cuo wmuid 111 with 1iquid
untll the top of the synhon is resched, then 511 the liguid
would run out into the next cup. This intermittent filling

and eaptyling of the ceupe would probably nrovides more thorough

axtraction of thﬁlchiyﬁ’

B. Continuous Precinpiltation Unit

Dubrunfaut (44) (1859) presented » method for the separ-
ation of levulose as the calclum levulate. Many investigators
have since sttempted to improve on this method, but it contin-
ued until 1926 to be the most sstisfactory means of lsolating
levulose. Dubrunfaut used 100 e¢.c. of sirup contalining ten
gramg of previsuely iaverted sugar and added six grame of pow-
a@raé ealeium hydroxide at & low tampgrétura with stirring.
The precipitste obtesined by euch a method 18 a finely divided
suspsnsion very difficult to filter and wash.

Jackeon, Silabee and Proffitt (45) (19268} contributed the
firet noteble imvrovement in tre originsl Dubrunfaut method.
They give the following details of 2 typlcal method of proced-
ure. "8ix liters of ths levilose-containing solution were con-

44, Dubrunfaut, op. cit., (Reference 10)
4%. Jackson, Silsbee and Proffitt, op. cit., {(Reference 5)
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tained in a large c¢ylindrical percolstor, which wasg graduasted
in 100 ¢,c. divisions, The tubulsture in thz bottom was con-
nacted with the freezer (azn lce cream freezer used as the re-
action chamber) by a copper tube extending into the hole in the
dasher. Tha‘flaw of solution wae regulsted by a stopcock.

"The slaked lime was dlluted with wster to s volume of
1,050 e.e. and was added to the freezer in 15 portiong of 70
c.c. esch. OUne portion of lime weses thus equivalent to 400 c.c.
of sugar sclution. About 500 c.c. of water and 1 portion of
lime were introduced into the freezer and cooled by sparingly
gslted 1cs to a temperature of about 1 or 2°¢. The levulose
solution was then allowed to drip slowly into the mixture until
400 c.c. had been added. At this point snother portion of lime
wes added, and the operation was continued in thie manner until
the entire amounts of the reactsnts had been introduced.”

The investigstors reported the filtration of cskes from
2 to 1 ineh in thickness in five to seven minutes, whereas ex-
periments in this lsboratory with the old method have rsquired
fra@ fiftesen to forty-five minutes for the formation of l-inch
cakes. |

Altho the above methmﬁ'glvas a2 somewhat granulsr precipl-
tate which may be fiit@red satisfactorily, 1t 1is toec laborious
and time consuming when applied to a larger scale of operations.

It was necegsary to develop a method for the precipitation of
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lime levulate that would produce a satisfactory preciplitate
and gtill be sdapiadble tc commercisl production.

A number of expesriments were performed using different meth-
ode for combining the reactants, and 1t was found that a con-
tinuous addition of both resctants in the prover ratio, togeth-
er with the continuous removal of the lime levulate suspension,
gave the best results. The detalle of 2 typicsl experiment will
be praesented.

A clarifiled and hydrolyzed Jerusalem artichoke extract
eontaining 10% sollids, and 2 suspension of hydrated lime were
allowed to flow slowly into a vessel with efficient atiérlng‘
The resctants were added in the ratio of 1 liter of extract to
200 c.c. of lime suspension. The resctants were introduced into
the bottom of the container and the line levulate suspension
allowed to overflow at the top. The temperature of the resction
mixture was kept below 5°c. After the procedure had become con-
tinucus, filter cakes of érlnah thicknese were deposited upon
filters in 1 4 minutes. The first lime levulate filtered con-
tained the sead which wae prepared zccording to the method of
Jackson and his assoclates, and required 13 minutes for the
formstion of a % inch cake.

Other experiments which have been performed indilcate that
the method works well at room temperature, and 1t is posgible

that no refrigeration will be necessary.
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A& dlsgramatic sketch of & continuous precinitation unit is
presented. In Figure 5, 1 indicstes a tank for the levulose
solution, 4 1e the lime suspension tank and 6 is the reaction
chamber. The lime suspension tank 1s egulpped with a large
triple-bladed stirrer, while the reaction chamber contains a
high-speed propeller agitator. A flcat,'g, is supported on the
surface of the levulose solution and activates, by means of ropes
and pulleys, an overflow pipe, 5, attached by s flexible hose to
the kettle, 4. The mechanism, 3, conslsting of pulleys of vary-
ing slze makes 1t pogelbls to vary the relative rete at which
the overflow nipe, S, 18 lowered in comparlison with the change
in level of the float, 2. The valve, 7, 1s adjusted to glve any
desired rate of flow for the sugar solution, the lime being added
in the regquired ratio by the meochsnlcal arrangement,3, for lower-
1ng_th@ overflow pipe, 5. The sugar solution ani th2 lime susa-
pension enter the precipitating chamber, 6§, where they react to
form the lime levulate in the presence of = preémminating guan-
tity of seed which offers sn snormous area for crystal growth.
The resulting precipltats 1s very granular snd esesy to filter
and wash. Ag the reactants are added, the suspension of lime
levulate overflows from the reaction chamber through the over-
flow pipe, B, to & storage tank or to a ~ontinuous filter. The
tanks snd the resction chamber may be Jaek&téﬁ 1T the precipita-

tion is carried out at temperatures other than room temperature.
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8. Carbonator

For lsboratory scale experiments for the carbonstion of
lim> levulate suspensions, it 1s ecatisfactory to bubble the
gas through the suspension, which is kept 1in violent sgitation
by =2 etirring propelisr. This procedure, however, ig too waste-
ful of gae for large-scale operstions.

A slmple pressure ea?bcnétor ie under econstruction with
wnich we hope t0 be able 10 ¢srbonate lime levulate susvensions
.conveniently and economicsally. The carbonator, as chown in
Figure &6, congists of &8 15-gallon galvanized iron expansion
tank mounted on an zxle ghaft and auggortadlin an iron frame.
Pulleys are arranged so that the tank may be revolved during
the carbonation process. CJarbon diloxide s admitted through
holes in the axle shaft, and the tank g kept under orzssure
during the process. The tenk 1s filled 2ni1 emptled through a
valve located on analaiéa near the end of the tank. & coll is
bullt into the tank so that the contents may be hested by steam-.

or cooled by cold water or brine, ss required.
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SUMMARY

The factors controlling the conversion resction have been
determined.

The decomposition of levulese under conditions of high
acidity and tempersaturs has been studled, and the limiting con-
ditions have been determined.

GJonversion experiments under varying conditions of concen-
tration and scidity have bean run, =2nd the 4ata are presented in
the form of tables and grsphs.

Hormality-pH data for different éaneantratlonﬁ of Juice
treated with varying quantities of eulfurice and hydrochlorie
acids have bean d@ﬁermin@ﬁ.

L table has been nreparaed which shows the smount of sul-
furie or hydrochloric acld regulirsd to convert 2 jJjulcs of any
concentration from 4 to 40% total solids in one bhour at 80°C.
cufficient deats are presented to enable the celculation of
gsimtliar tables for different neriods of time.

Detaile of the metheds unsed for the desiccation of two and
a half tone of Jeruesalem artichoke tubers have been given. Pos-
gible improvements in the drying eguinment heave been presented.

Designe for seversal new piecss of equipment have been pre-
sented, including 2 continuous extraction unit, a continuous
preciplitation unit, and a carbonsator.

Detaile of & new and improved process for the isolation of

levulose as calcium levulate have been presented,
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