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IXTRCDICTION

Izny ottempts have been mzde to nlace levulose 21 the

"market 2t a2 price sufficiently reduced to compare fzvorebly

i with that of sucrose and dextrose. The lack cof any cunsider-

~atle demancé for levulose, and the many technical difficulties

encountered in producing it on a commercial scale, have caused

the éevelopment to be extremely slow. Since for niost ur-

. p:ses, SucCrose and dextrose s2 successfully supply the demand,

it is obvious that levulose, to te industrially atiractive,

.must fuifill new requirements which cannot be adesuately met by
ils

Levulose possesses distinctive rronerties which ezrn {or
Fod <

N

it a2 plzce among the commerciol sweetening agents. It is the

i sweetest of 211 t'e sugars. Authorities do not agree (1, 2,

"3y 4, D5 15 7 )} as to tne relative sweetnesz of the suzars.

- If the sweetrezs of sucrose is given arn arbitrary vaiuc of

100, t-e sweetness of levulsse is reisrted to te relatively

1. DPaul, Chewm, Zeit., 45:705{(1921}

2. Deerr, Intern. Sugar J., 24:481(1922}

5. Sszie and Skinner, J. Iné. Enz. Chem., 14:522(1952)

Z. 3Riester, Wood, Wahlin, Amer. J. Fhysiol., 73:327(1:25)
3. ‘engler, arnd Traezel, Z. ver. Duet. Zucherizd., 77:1

{1527}, ivid., 77: 057(1927:
. "illc..man, lbldo, .053\1927)
. Richter, EZxpt. Sta. Record, 58:611(1527)

~1 O
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from 103 to 173, depending upon the method of measurement.

Levulose is one of the most socluble of the sugars, and very (8}

difficult to crystallize except from sirups eof high purity.

It is somewhat more hygroscopic than surrose or dextrose. It :9S-

sesses unique physiological properties, being resorbed directly,

assimilated to a larger extent and oxidized more guickly and

in larger emounts per time interval than sucrose. (9)

The 2bove properties suggest numerous potential uses for

levulose:

1.

Uses in the ménufacture of food productse.
av The adcdition of levulose to the list of already
available sugars, should give any desired com-
bination of sweetness, texture, znd solubility

for the production of food products.

l. In jellies, marmeglzdes, arnd preserved fruits,
levulose would prevent the crystallization of
sucrose, mzking impossitle dullness, cloud-
iness, znd solidification of the product. {10)

2« Levulose sirups may be hal wrich are quite
concentrated and yet possess a relztively

" low viscosity due to the low moleculaxr weight.
Tnis fact snould be vealuable in improving the
texture of iceé, ice cream, etc. The presence
of levulose might prevent the crystallization
Jackson, Silsbee, znd Proffitt, But. Standards Sci.

Pzpers, 519:614(1926), report 375 g. levulose soluble
in 100 g. water at 20°C.
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il.

Se

4.

Se.

6.

e

Daniel,

Stein, Crnem. Zeit., 32:426(1908): Z. Angew. Chem.,
21:1064(1908): Intern. Sugar J. 10:218{1908)

Stnoemeker, U. S. Dept. of Agr. Tech. Bull., 33:2(1927)
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of lactose, which gives considerable
trouble in the ice cream industry.
A greater degree of celicacy could be obitained
in many confectionary products by using levulose
alone or in combination with glucose or sucrose.
It should be ideal for the manufacture of
candies because of its ability to prevent
the crystzllization of other sugars in its
presence.
Tne use of levulose would give a uniform
and permanent flavor to carbonated teverages
by preventing the loss of sweetness in the
bottled product due to inversiocne.
Since levulose is somewhat hygroscopic, czkes
and other foods might better resist drying
out. (11) |
Levulose might be used in combination with
dextrose for the production of artificial
honey .
The use of dextrose could be greatly increased

by mixing it with crystalline levulose and thus

Cher. Zeit., 45:4(1921)
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Daniel, loc. cite., {Reference 9)
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raising its swséteninb LOWEXR .
8. In the sweetening of cold drinks levulose
is desireble because of its higk solubilitye.
¥any acditional advantzges may te discovered for
levulose when it is produced ir sufficient quan-
tities to zllow experimentation on its culinzary ;

and confectionary applications.

Levulose is an excellent food for the infant. (1Q)
Ievulose has found applicetion as a food for the
consumptive, where tne production of COz; in abtund-
ance is important. (12)

Levulose is effective in tne prevention of hyper-
acidity of the gastric juice. (10)

Perhaps the most importitznt use for levulose is

in the treztment or prevention of disbeiese.
Experimental results have been reported to show
levulose assimilation as well as that of its
parent carbohydrate, inulin. It seems desirzable
to present these results in considerable detail
(see Historical Part i) due to the possidble in-
fluence they may have on the ready zacceptance of
levulose when it mzy become available. 3iany dia-

tetic patients tolerate levulose to a remarkable



t

| tre data being teken frow tie Statisticzl sbstrects 6f tae United

| States. (14).
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extent. Even witn irsulin treztment there is
need for carbohydrate foods. ievulose rot only
Supplies, in part, this need, but sztisfies tke
desire for sweets without the use of substitmtes
which have little or no food value, or wkich may
€ven be harmful.

Joslin (13) stztes tkat one person in seventy-five nas

dizketes or will develop it. Fe estimated the totzl number

. of cases in tte United States to be one milliorn (1S35), znd

suggested that this figure was probatly low, because mzzny of those

ziflicted ere unaware of their condition, or thexrecords were

incompliete.

There seems to te & airect correlztion betweewn the increase
in the per capita consumption of sugar (cane ard beet), znd 3
the increzse in the number of cdezths per one Lhundred tuousarnd i

populetion, from uiabetes. Tnis is suown in Tzovle I and Figurel,

Table 1

Dezth Rute per 100,000 Fopulation from Diabetes iellitus
Entire Dezth Registration irea, Continental Trited Stzates

Number of Deaths Lts. Suger {Care, Beet)
Year per 100,000 available for Consump- .
Population tion per cspita i
© 1900 9.7 52.2
1910 14.9 78.9

1911 14.¢ 783



Year

1912
$ 1513
1914
i 1915
1916
1917
1918
1919
1820
1921
1922
1923

1924
| 1925
1926
1927
é 1928

-6 -
Tzble I {con't.)

Number of Deaths Lbs. Sugar (Cazne, Beet)

per 100,000 ivezilable for Consump-
Population tion per czpita

15.0 8349

1Z.3 86.6

l6.2 §l.3

17.5 87.9

17.0 7%e4

16.9 83.2

15.9 78¢5

14.9 83.8

16.1 81l.1

16.8 S7.6

18.4 102.4

17.%9 106.5

16.6 100.2

16.9 114.2

18.0 114.4

17.5 110.6

Joslin, "Treztment of Dizabetes lMellitus! Lea and 7ehicer
Phil. and New York, Second Edition, p. 24 (1917)

Statistical ibstracts of the United States 42:79 (1919)
48:75(1925), 49:77(1926), 50:82,666 (1928}, 51:82(1529)

b
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These data may te coincident to the increazsed accuracy

in keeping reocrds and in diesgnosis of diseases However, it

:is of interest to note tne decrease in the death rate (Fige I)

in 1924 and the corresponding decrezse in sugar consumption,

followed in 1925 znd 1926 b, 2 correlating increase in €zche

;The methods of recording and diagnosing would not be expected

. to vary appreciatle over tnis period of timee.

Suger (sucrose) has never been shown to cause diabetes.

However, if the condition is present, the fact is well known

Ethat it is greatly aggrzvated by thne prolonged use of sucrose.

' This fact togetner with Joslin's observation that numerous

épersons are unknowingly afflicted, mzke the dzta of Tztle I

. s€em TezscnsYle, if not to be expected.

~-

Would not these conciderztions seem sufficient to merit

a more taorough investigation into the effect of repizcing

sucrose in the diet with levulese, not ornly for the cdiatetic

' tut for tuie normzl person as well!

-

Se Fermentztion

It is possible that levulose may be used zlorg with

~glucose or invert sugar in the preparztion of alconol. WWith

 the vrospect of zlcohol relieving the expected fuel shortage,

" a new source should te welcomed.

There is, tnen z strikin, need for levulose, in order that

- the above suggestions may be subjected to a more thorough
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{ experimental investigation.

The object of this paper is to present experimentzl data
i éesigned to improve upon the previously reported methods for
3 the preparation of levulose znd thus mzke it more guickly

§ commercially aveilable.
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EISTORICAL

The history will be treated in chronological order
razther than by related subjects. The resulting sequence will
stress the fact that most information concerning levulose was
obtaired a2t an early date, and, although muck Trepeiition will
be noted, very few original contributions have been forthcoming
in recent yearse.

The contradictory reports will be discussed in connection
with the experimental part of this paper.

Part &

The Therapeutic Use of lLevulose, Inulin, and the Jefusalem
Artichoke.

A part of the summary following was tzken from Joslin's
(15) report of 1923. Additions ere made to include inulin,
and the Jerusalem artichoke, and to list informztion published
since 1923.

Rulz (16) (1874) was apparently the first clinicizn to
advocate seriously tke therapeutic use of levulose. FEe reported
that no sugar appeared in the urine of diabetics on an absolute
flesh diet after feeding, from 50 to 120 grams of inulin. XNo
inulin was found in the feces. He concluded therefore that
inulin was completely assimilated in both mild a2nd severe cases
of diabetes.

15. Joslin, "Diatetic Yetabolism with Eigh a2nd Low Diets",

Cernegie Inst. Pub., 323:211(1923)

16. ZXKulz,"Diabetes Mellitus! Marburg, 130{1874). Oricinal
not seen. Taken from Joslin (Reference 15).
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Yon Mehring (17) (1876) reported tkzt the use of inulin
did not increzse the sugar conient of trhe urine.

dinkowski (18) (189C) reported that levulose diminished
ihe protein metebolism in z dizbetic doge.

Sandmeyer (19) (1895} fed 80 g. inulin to z depancrectized
dog and recovered 46 g. from the fecese.

Fakzseko (20) {1900) expérimented on i.e feeding of in-
ulin with reference to glycogen formztion.

Bierry ané Portier (21) (1900) reported their investi-
sations on the digéstion of inuline.

Johensson, Billstrom, ard Eeijl (22) (1904) gzve 100 g.
of cextrose, sucrose, and levulose to normel individuzls and
determined the rise in carbon dioxide expelled zs conpared
with baszl vmlues for succeeding hourse They observed that i
glucoge increased the carbor dioxide seven per cent, sucrose
fourteen per cent, and levulose (93 g.) fifteen per cente.
wnen the effect of these sugars had passed off, the carbon
dioxide values fell below the basal value, The increzse in

17. Von Mehring, Janresber. Tierchem., 6:144(1876)

18. Hinkowski, Arck. F. €xp. Path. u. Pharm., 26:371(1890)

ibvid., 31:85(1893)

19. Sandmeyer, Z. Biol., 31:32(1895)

20. KNakaseko, ime J. Physiol., 4:246(1900)

21. Bierry and Portier, Compt. Rerd. Soc. Biol., {Parisj

52:423{1500)
22. Jochansson, Billstrom, and Heijl, Skand, Arcli« Fhysiol.,

16:263{(1904)
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carbon dioxide, they explain, might te due to increzsed
netzbolism or tre conversiocn of carbohydrate into fat, but
what percentage of the increase should be assigned to each
factor, the experiments did not disclose. The rapidity of
storage, they ascribe to the concentration of the given maierisls
in tke blood a2nd tissue fluids. With a lower concentration of
blood sugar and a low glycogen content in the body, they surmised
and proved that oxidation of czrbohydrzte would go on wore .glowly
and storage more rapidly. They noted thet the rzpidii; oI gxida~
tion of levulose was greater znd the rzpidity of storzge as gly-
cogen less than with glucose.

Teyxeira (23) (1905) recommended the addition of inulin to
the gluten of wheat as a food. ‘

Fersia (24) (1905) stated tkat inulin wes well digested and
assimilated by diabetics in large doses and througu iong periods.
He reported that the feces never containred large amounts of
inulin.

Miura (25) (1905) found 1little glycogen formed in rabbits
after feeding inuline.

¥endel and Kitchell (26) (1905) found that inulin intro-
duced parenterally into the orgaznism was excreted ir the urine,

with no evidence of inversion or utilization.

23. Teyxéirs, Janresber. Tierchem., 35:822(1905)

24. Persiz, ibid., 25:822(1905}

25. Xiura, Z. Biocl., 32:263(1905)

26. Mendel znd Xitchell, im. J. Poysiol., 14:239(1905)
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In = cese of levulosuriz, Neubzner {27} (1905) found
that after feeding 80 g. of inulin the urine showed no in-
crezased levulose content. This seemed to indiccte that
inulin was not converteéd in the body. XNo inulin was found
in the feces. Stirong gzs formation in the intestine after the
meal indicated bacterial decomposition of the inulin.

Yendel and Nakaseko (28) (1905) found very little glycogen
formed zfter feeding inulin.

Jokansson (2¢) (1908) confirmed the results previously
reported. {30) Incidentally he observed that the increase in
carbon dioxide varied with the rapidity of zbsorption of the
sugzrs fron the gastro-intestinal tract, and interpreted the
results of his experiments as showing that the increase in
carbon dioxide varied with the emount of glycogen stored in
tbe body at the beginning of the experiment. The increase of
carbon dioxice after the administrztion of the verious sugars
began within the first 30 minutes znéd reached its maximum
€ither in tke first or second half hour; the period of increese
never exceeded six hourse. Levulose increased the excretion of
carbon dioxide twice as much as glucose. The reduction of
glycogen storage.;educed the increase of czrbon dioxide ex-~
creted after glucose was given, but although the individual

similerly tested with levulose had a greater reduction in
glycogen storage, the reduction in gy excretion of earbon

dioxide wes no grezter. Johensson concluaed eivaer that lev-
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ulose is less suited for the formation of glycogen or that
glycogen formation from levulose does not go on in the same
manner or with the same rapidity zs that of glucose. Ee
performed several experiments with diabetic petients. In
some instences the ingestion of sugar increased tke carbon
dioxide 2nd in others did not, or increased it to a less
extent than with normazls. In one disbetic dextrose brought
a2bout an increzse of 7 ver cent in the cazrbor dioxide elim-
ination, whereas levulose increased the carbon dioxide elim-
ination 13 per cent. In other words, the same relz=tion be-
tween glucose and levulose was obtained with tkis diabetic
as with normelis.

Pfluger (31) (1908) found tkat glycogen is formed by the
liver froﬁ levulose and that only a small amount of thé levu-
lose given is eliminated into the urine.

Bierry ( 32) {1910) studied the digestion of inulin. Ee
found that the higkher animals do not secrete an enzyme capable
of hydrolyzing inulin. The hydrolysis is accomplished by the
HCl of the gastric Jjuice. Attempts to hydrolyze inulin in

neutreal, slightliy acid, or slightly alkaline mecdiz by means of

27. Xeubaner, Yunch. ¥ed. Jochschr., 1525(1905)

28. Xendel and Makaseko, Am. J. Physiol., 14:245(1905)

2%. Johansson, Skand. Arch. Fhysiol., 21:1(1908)

3. Johansson, Billstrom snd Eeijl, loc. cit., Ref. 22

31. Pfluger, Arch. Ges. Fhysiol., (Pfluger’s) 121:559
(1908)
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secretions and exiracts of the digestive glands of the dog and
rabtit were 2ll unsuccessful. The digestive juices of the Eelix
pomztia contain an enzyme whick hydrolyzes inulin. It is pre-
pared by éiluting the juice witk 10 volumes of water and remov-
ing tie 2lbuminoids by zdding HgNOjz, reutralizing with XalH,

then precipitating the colloids andé mercury together with EgS.
Toe excess E,3 is reroved without heating by mezns of CuSOg.

The molluscs secrete an enzyme which splits inulin into levulosee.

Swartz (33) {1911) reported that no enzymes found in the
higher animesls attack inuline.

Straus (34) (1911) experimented with two cases of diabetes,
aéministering from 40 g. to 100 g. pure inulin dzily and repor-
ted the urine sugar free, and the patients greatly benefited.

Ye recommenced the use of vegetables rich in inﬁlin such as
artichokes, dzndelions, etc., suggesting however, that aksorp-
tion of inulin would naturally proceed more slowly than from
the pure product itself.

Lewis (35) {1912) wrote concerning the value of inulin as
a foodstuff. In his conclusion he makes the following stzate-
ments:

1. Inulin fed to =z Bealthy mzn was not e€liminated in the

feces.

2. Bierry, Compt. rend., 150:116(1510)}: Biochem. Z.,
443402(1913)

33. Swatiz, Tr. Connecticut Acad. Arts and Sci., 16: 298(1911)

34. Strauss, Therapic der Gegenwart, 52:337(1911)

38, Lewis, J. Am. ¥€é. ASsoc., 58:1176(1512)
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2. Xarked intestinal fermentation was obsexrved to follow
the feeding of inulin.

s The azcidity of the gzstric contents of a dog to wnich
inulin was given by z stormachk sound was sufficient to hydrolyze
inulin pzrtially to levulose in from one to two hourse.

"These fzcts would seem to indiczte that any utilizaztion
of inulin can occur only a2fter hydrolysis Lty the gastric Jjuice.
The extent 5f this hydrolysis must vary with concditions in the
stomach. If the diet is of such a character that it leaves the
stomach soon, the action of the acid gastric juice is chgcked
by the intestinal reaction before the inversion of inulin can
proceed fare. The zcidity of the guzstric contents also must in-
fluence the rzte of inversion. The chzrsctier of the diet ard
individual peculiarities both play a role here. EKence the per-
centage utilization of inulin for any individual must vary and
cznnot be determired except by experiment. Any inulin which
leaves the s tomech unchanged is liable to escape utilization
and undergo bacterial decomposition in the intestine, 2 decomp-
osition which resulits in no formation of carbohydrates. Any
inulin which escapes this bacterizl action is probably elimin-
ated unchanged in the feces.

In view of these fects, as well as the inability to ad-
miﬁiste: more than comparatively small cuzuntities, the value
of inulin as = significant source of energy in human dietaries

must be questioned."
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Lewis end Frankel (36) (1913) found that inulin sdminis-
tered to phlorhizinized dogs does not give rise to glucose,
anéd that the feeding of levulose to the szme animals results
in the eliminztion of 2 large azmount of glucose. They con-
cluded thet inulin is not, to any appreciable extent, converted
into levulose or zny other substznce cepzble of forming glucose
in the disbetic organisc.

Togel, Brezina, and Durig (37) {1913) observed that levu-
lose increused the metabtolism to z greater degree than glucose,
thet the increzse tegen ezrlier and in tkheir opinion led more
than glucose to the formation of fat. With a pztient to whom
they gave 30 g. of levulose in hourly doses tke respirat§r3
cuotient wes kept at 1.00 for z long time. They zlso observed
thaet the respiratory quotient fell for the first few roments
cfter the cartohydrate was givene.

| Verzar (38) {(1914) demonstrated that levulose when given
to a depancreatized dog, raised the respiratory quotiert for a
conaiderable period after glucose fziled to do so, though
eventuzlly it too lost the power.

Isazc (39) (1914) reported that fructose is rapidly trans-

formed into glucose in the perfused extirpated liver, contra-

36e Iewis and Frankel, J. Biol. Crem., 17:365(1913)‘
37, Togel, Brezima, Durig, Biochem. Z., 50:296(1913)
38. Verzar, ibid., 66:75(1S14)

39. Isazc, Z. Physiol. Chem., 89:78(1514)
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dicting the opinion of Voit that ingested fructose is first
converted into glycogen, tnen into glucose. He stated that
glycogen produced from fructose may zrise (indirectly) from
glucose derived from fructose. Xo difference between dextro-
genetic glycogens znd fructogenetic glycogens has ever been
noticed.

Goudberg (40) (1914) stzted that feeding inulin rzises
the respirztory quotient for a2 long time, irdicating 2 slow
utilization of this carbohydrzte. Fe concluded that it does
not lead to ankepatic utilization with glycogen formation,
but is broughi zbout in the following steps: rartial hydrol-
ysis in the acid of the gastric juice, absorption of znother
fraction without hydrolysis, znd z slow utilizztion of tkis
inulin in the tissue, bacterial decompositicn of tke remainder
with the formation of orgznic adids which do not induce glyco-
gen building, but which are themselves burned. Inulin there-

fore appears to have just those characleristics vs=luable in

'+ g _csrbohydrate for diabeticse.

Lusk {41) (1515) used tke oxygen as well as the carbon

 Gioxide in the study of the effect of 50 g. of various sugers

(glucose, sucrose, and levulose) whick he gave to = dog. He
noted any increases in metzbolism in the order named of 36%,

34%, and 37%, but only with levulose did any considerzble in-

~ crease persist throughout the fifth and subsequent hours. The

40. Goudberg, 4. Bxp. Patn. Tnerap., 13:310(1914)
41. Lusk, J. Biole Chem., 203555(1915)
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respiratory quotients rose to 1.00, 1l.02, znd 1.02, respectively.
There was no increzase in the metabolism znd respiratory quotient
with lactose znd but little with gulactose. Levulose (2.8 g.)
appeared in the urine as such in the levulose experiment, and
0.25 g« appeared as sucrose after the sucrose experiment, dbut
the urine was sugzr free following glucose. ({Joslin suggests
that perkzps the particulzr dog used in Lusk's irvestigation
ma2y have had a low levulose threshold.)

Bernstein and Fzltz (42) (1916) gzve 100 grams of levulose
on three successive days to a diabetic patient. No rise in
respiratory quotient is recorded, but from the test it would
appezr that the metabolism tests made were basal tests and
upon the nornings zfter the levulose was given..

Sznsum, Yilder, and Woodyatt {43) (1916) reported the
intravenous tolerznce limit for glucose at close .to $.8%0 ge per
kilogram of toay weight hourly znd for levulose close to .10 g.

Yandel =nd Lusk (42) (1917) were unzble to confirm the
tests of Kinkowski (45) when experimenting on =z cizteiic man
instezd of a2 doge.

Beredict and Carpenter (46) (1918) pointed out that in

experiments witkh feeding. levulose to normsls the peak of oxida-

42. Bernstein and Fzlta, Duet. Archk. klin. Med., 121: 95(1916)

43. Sensum, wilder, woodyatt, Froc. Soc. Biol. Chem., J.
Biol. Cuemy, 24:XIX-XX(1916)

44. Lusk, "Science of Nutritiomn". V. RB. Saunders Co., Phil-
adelphia and London, p. 485 t1917)

45, ¥inkowski, loc. cit., (Reference 18)

46, Benedict and Czrpenter, Cazrnegie Inst. Pub., 2613 246(1918.
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occurred within 40 to 60 minutes after tbe levulose was given.
Loeffler (47) (1919) gave 100 g. of ievulose to a diabetic
patient and 2t an interval of seven hours repeated the dose.
He observed zn incregse in the metabolism, with an increase in
the respiratory quotient, botk of which were greater after the
second feeding. The increases were not mere marked than with
glucose, but less of the levulose was e€xcreted in the urine.
Okey (48) (1919) reported that concentrztions of HC1 such
a2s might be found in the gastrie Jjuice, produced very slight
hydrolysis of inulin. Experiments in whick inulir wzs fed with
weter or with egg-white indicated that it left the stomzch so

rapidly that no considerztle hydrolysis wes likely to occur,

' though the small amount remairning was almost entirely hydrolyzed.

Sterile extrzcts of three samples of human feces from three types
of diets converted inulin into a reducing sugar, tut negative re-

sults were obtained with feces from a guinea pig aznd from a doge.

Daniel (49) (1921) made the observations previously mentioned

. end stated that fructose effects a szving in fais and proteins.

Schimizu (50) (1921) found no enzyme in macerated intestine

- z2nd pancrezs prepsration capeble of hydrolyzing inulin. Ee re-

j poxrted that the addition of inulin to a mezt diei resulted in a

? diminution of the nitrogen output, concluding that inulin is 2

47. Loeffler, Z. Kiin. ¥ed., 87:309(1915)
48. Okey, J. Biol. Chem.' 39:159(1919)

49. Deniel, loc. cit., (Reference 9)

50. Schimizu, BPiocheme. Z., 117:227{1S21): itid., 245(1521)
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digestible znd available foodstuff in the digestive canal of
2 dog znd is 2 protein sparer. The exact portion of the tract
or the mechznism wherety they are split was not known.

Spence and Brett (51) (1921) reported results on the use
of levulose as a test for hepzatic inefficiency. They found
thzt in 2 BRealthy adult with & normal liver fumnction, 5 g. of
levulose will procduce no rise in blood sugar. WwWith diminished
liver function a2 definite rise in blood sugar will result from
the ingestion of levulose. They stated that the kidney thres-
hold is lower thzn that for glucose znd varies in different
individuals. The inconsistzncy of the threshold for levulose
renders the older method of testing liver efficiency bty urinary
exzminstion inaccurate.

Folin znd Berglund (52) (1922)found ihat levulose rroduced
no hyverglyceria ip the normal individuzl to whom they gave 2060
gramns. From the resulis of this experiment they conclude:

1. That levulose is not directily converted into glucose
ty the liver, or else the blood sugar would have Irisen.

2. That levulose did not appear in the urine beczuse,
like glucose, it 21so has = renal threshold which tke rare cases
of levulosuria iilustrate.

3e That the rarvidity of its cissnreazrance Ifrom ine blood
is "beyond possibility of vlausitle explanztion in terms of
metztolism processes.”

Tl. Spence and Brett, Lzncet II, 1362(1521}
52. Folin end Berglund, J. Bicl. Chem., 51:213(1922)
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4e That the interpretation of tne fzte of absorbed
levulose is as follows: -
*The liver retzins fructose as well zs every other usable

sugar to a grezter extent in proportion to its weight than do
the generzl tissues suck as muscles. But such retentions by &
the liver are never €ven aprroximztely quantitaetive, znd z large
fraction of zbsorbed sugarsy zcs:sibly the grester pazrt, gets by
this organ. Other tissues, such zs the muscles, tzke up sugars
from the plasma of zrterizl blood, znd it is this general atsorp-
tion whick prevents excessive accunmulations of sugzr in the blood.;
Bul tissue sugar like blood suger is normsally and predorminantly '
glucose, zartly teczuse the major part of our carbohydrate food
is made up of glucose, partly teczuse all otker usable sugars ;
are gradually converted into this essential sugaxre The tissues i
being relatively well stored with glucose znd empty of other
sugars, such as fructose, may well be able to absorb these other
sugars from the blood so nezrly completely that the venous blood
used for our znalyses shows only traces. 7The glycogen formation i
? mzy or may not begin immediaztely, and at g8ll events meed not be |
the immediate cause for the rapid disappearance of levulose from
the bloode. Levuiose héppens to be an excellent glycogen former,
tut that this is not the irmediate czuse of its disappearance
from the blood is strongly indicated by the results which we
} havé obtained with a much poorer glycogen former-~galactose."

5« That the above facts znd interpretations suggest the i
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} possibility of making wore extensive use of levulose in diabetes,

isince past failures may have been due to impurities in the levu-

' lose which the early experiments avoided because bzased on tke
?purest obtainable brands.

6« Thzt the "tissues of the dizbetic person should contain

Emuch higher concentrztions of glucose than tissues of normal per-
gsons, and this is the irmedizte reason why the blood sugzr rises
Eso nigh after the intake of glucose ir any form. The high con-
icentration of glucose in the tissues would probably have litiie
or no effect on their absorption of fructose. ZFrom the giving

of fructose we should, therefore, get z ruch higher concentrz-

tion of total sugar (glucose plus fructose) in the tissues with-
out any materizl increase in the sugzr of the blood. Because
;of this nigher concentrztion an increased utilizetion might well
Qtake place. Continuous or excessive use of fructose would, of

. course, defest the purpose of the treatment, because graduzlly
éthis would become equivalent to the loading of a«ll the tissues,
~with glucose, and, beczuse of the large bulk of the tissues, an
:excessive amount of glucose would pour into the blood and be
Eieliminated with the urine. 3Such z series of results has, now-

' ever, no bearing'on what would happen Irom smzll doses of pure
%fructose given at carefukly regulated intervals. F¥or under sach
conditions there is not only a large concentrztion of sugar in

:the tissues in relation to the level of the tl:o0d sugar, but

' there is 2l1so the possibility that nascent glucose is more easily
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utilized than ordinary, preformed glucose. At least, it seems
safe to say that until the effects of pure fructose on diabetics
bave been czrefully investigated from this standpoint tke sub-
Ject kas not been exhausted.®
Carpenter (53) (1922) noted no definite change in the res-

piratory quotient in four experiments when 25 grams of levulose

were given by rectum, tut after 50 grams of levulose, ithere was

1

.an increase of 0.03 to 0.05 in two experiments after 1 to 2

i
¢

%hours, and in =2 third experiment an increase of 0.15 within 3
éhours of the injection.

Desgrez, Bierry, and Bathery (54) (1922) stzted tnat the

iinvestigation of levulose helps to correct some of the accidents
iof metabolism. Its use in the dizbetic in general furnishes a
%means cof forstalling znd combzting the eliminztion of B-hydroxy-~-
?butric acide The cartohydrate tolerance of the diabetic teing
%known, it suffices to add to the rztion of phosphate and Vit-
%amin B, levulose ecguivzlent to the maximum amount of carbohy-
idrates waich the patient is able to zssimilzte.

v Bornstein znd Eolm (55) (1922) reported thzt 100 g. of

. levulose ingested by mouth begins to oxidize in 5 to 8 minutes,
;while the blood sugar rises but little, if any.

1 Joslin (56} (1923) made extensive investigations with lev-
‘ulose. He surmarized his results as follows: "Fifty-one ob-

‘'servations upon the effect of levulose were made. As a rule

the quentities ingested were well utilized, (the levulose
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utilized, as comsuted from the carbohydrate balznce was:
mild czses 100%. moderzte cases 995, severe cases 88%) though
of 41 experiments with 19 severe czses, in only 9 did tce urine
remzin suger iree.

Levulose increased tke metzbolism of the dizbetic patients
from 5 to 32 per cent, znd or the =zverage 17 .e€r cent. This was
;slightly greczter toen that found ir this Laboratory withk rormzls
under similar conditioms, znd persisted at =z nigher level for a
égreater period of time. In pzrt, the wide veriztion in response
?of‘the diabetics to levulose is explaired by the quantity of
glevulose given, since this varied between 28 and 100 grzms or
V¢80 and 2.5 grams per kilogram of body weight. Wnile variations
?in the cuantity of levulose zdministered per kKilogram of tody
‘weight affected tne met: bolism, the guotient waé effected to a
‘much less degree€.
| The increese in metzbolism following the ingestior of levu-
Slose wilk severe czses was greater tnan witn moderzte or mild
cczses or with normzl irndividuzls.
| The post-absbrption guotients obtzined in the exveriments

wrich served zs basal for the levulose experiments veried tetween

$3. Carpenter, Am. J. Fhysiol., 59:440(1922)
54. Desgrez, Bierry, and Ratrnery, Compt. rend
£€5. Bormstein, =znd Folm, Biochexm. Z., 130:209
5€. Joslin, loc. cit., {Reference 15)

.y 175:536(1922)
{1c22)
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g 0«70 a2nd 0.91, but levulose procduced thke same effect upon the
? respiratory quotient and metabolism when the bzsal quotients of
; the patients were low as wren they were highe.
The :average quotients of the diabetics for the second half-
; hour after levulose was 0.84 and tnereafter it fell steadily and
for the most part uniformly to the basal gquotient of 0.79 in
the fifth nalf-hour. Subsequently it was below the standard,
in contrast to normasls in which the increase in the guotient
continues into tne ninth half-houre.
_The respiraztory quotient rose considerably above 1l.00 in
4 experiments with 2 cases after the ingestion of 1.885 to 1.90
grzms of levulose per kilogram of body weight. The two patients
with tue nighest respiratory quotients were also highe.

It appears impracticable to explzain the qﬁotients atove
unity otner than as due to a conversion of carbohydrate to fat,
tonough such a conversion may take plzce at lower levels.

One pztient receiving similar gquantities of ievulose upon
three successive days showed average increases in quotient above

basal of 0.08, 6.09, and C.1l7, respectively.

The average percentage of blood sugar before taking levu-

lose wWas the same as that 24 hours later or 0.19 per cent.

In 8 experiments‘the blood sugar averaged 0.23 pexr cent before
ievulose was given. About three or four hours after the levu-
lose was taken{ it was 0.3C per cent, increasing values being

found in z1l but two experiments.
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In eight experiments levulose znd fat were taken bty four
severe cases free fromzidosis and the metabolism increased
16 percernt. The respirztory quotient rose from 0.83 to 0.88
with an average rmaximum quoteint of 0.92."

Desgrez, Bierry, and Rethery (57) (1923) reported tuat the
transitory influemce of insulin was favorea and prolonged by a ;
bzlznced diet. The addition to suchn a diet either of Vitamin B
or levulose or z mixture of these two substznces allowed z
grezter interval of time between the injections of insulin, and
increased the efficiency of 2 Single dose. These conclusions
were based on the 24 hour output of ketonic substarces and of
B-hydroxybutyric zcide.

Folm, (58} (1923) states that levulose is immeciztely
utilized by man, normal dogs, and by cogs with'an.Bck fistula

(with hardly any rise in the blood sugar).

Schatti (59) (1923) took blood samples from a norzzl in-
dividual after ingesting 20 g. carbohydrate 13 to 15 Lkours
after z standard meal. Ee a2lso examined the urine in each

case, znd from the results osbtzined ke zrranged the following
sugars in order of decrezsing alimentary hy.erglucemia:

glucose, levulose, sucrose, lactose, znd galactose. Ie stated
levulose was excreted more guickly and in larger azmounts thah

glucose.

57. Desgrez, Bierry, and Rathery, Compt. renc., 1%7: 795(1923)
S8. HOlm, Se GESe hptlo L‘.ed., 37¢ 43(1920)
59. Schatti, Biocnem. Z., 143:201(123)
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teyer-Bisch (860} {1924) reported that the ingestion of
100 g. of levulose by normzl individuals and ty repatopatnics
lezGs to an increzse in the concentration of serum protein
(L1+2%) and to z simultaneous increzse in the hemoglotin con-
centretion usuzlly within 15 minutes.

In aiztetics, concentrztion of ine blood-after ~€vulose i
occurred in only 50% of the cases. Diuresis often occurs and
in suck cases there is zlso z ioss in body weight.

Xugzsuye (61) (1925} rerorted thot the Tise in tlood sugar
following the ingestion of levulose is generslly much less than
tcat after glucose. In toe fasting orgunism the ingestion ox
levulcose may czuse ihe bloo@—sugar level to rise somewiat higher
thanr in one on z normal diet, while on = protein-fat ¢iet, levu-
lose exerts no influence on the blood sugar level. The ingestion
of eitcer glucose or gszlizctose in the fasting condition causes
but = sligkt increuse in trke .iver glycogen, wrile levulose con-
tricutes consideratly to raising the glycogen content of the
liver toirn in Tfasting and on a protein-fat diet.

ibelin and Boldener (62) (1925) state€ itkhat the ingestion
of levulose does not lezd to a significant hyperglucemia in
normal individuzls. A hyperglucemia is produced in diabetics,
btut not when insulin is given simultazneously. ievulose Goes

not recuce tue hyverglucemia thzt results frox insuiin poisoning.

6C. keyer, Bisch, Klin. Wochschr., 3:60(1924)
6l. XEagasuye, J. Biochemistry(Jjapan), 5: 449(1925)
62. Abelin znd Goldner, Klin. %ochschr., £:1733{1925)

rioeae e eme e s e ammee 4 ek .
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Ymerigue {63} (1925) reported tnst pure inulin given to
rice, rats, and guinea pigs was assimilated in smzll or mod-
erate quantities, bul was completely assimilated when the whole
vegeteble (Jerusalem attickhokes) was given.
Root and Baker (64) (1925) reported their results from

€xyerirents using Jerusalem artichckes in the treztment of dia-

tetes. Dicbetic patients who used them for six months were
benefited. Glucosurez wzs neither induced or increzsed where
already present aznd in some cases urine wes rendered sugar free
woen artichokes were substituted for other cerbohydrates.
Fatients were zble to increase otner comgonents of diet and gain
weignt with oniy slight increase of insulin doszgee. The respira-
tory cuotient was increased in zll cases, also_the tlood sugar
increzsed.

Snapper, Grunbaum, and Van Creveld (65) (1926) reported a

i v g AT AR e ¥ Aot ma  mm e seae e as e e o o

case of genuire levulosuria in a seventeen year old girle. The |
iood sugar content was not increased and did not rise even
following the administration of fructose, no diabetic troubles

WeEre .resente

Cori (66) (1926) presented curves showing the rate of
glycogen formation in the liver of the rzt during the zbsorp-

tion of glucose, fructose, znd gzlactose. Tne first two were |

£3. Emerique, Ann. physiol. phys. chim. biol., 1:123{12925)

Crem. Lbstr., 20,2522(1925)
€4. Root =znd Bakxer, Arch. Internal. ¥ed., 36:126{1$25) ;
65. Snapper, Grunbaum, znd Van Creveld, Kederland. Tijdschr. i
Ceneeskunde, 70, I, 1600{1926), Chem. Abstr., 20:3730(1925)

o g o e emrn
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gshown to be on a par as formers of glycogen cespite the sliower
éabsorption of fructose. 7The maximum sugar retention by the
:liver occurred in four hours znd zmounted to 174 of the total
iabsorbed with glucose and 39% witk fructose.
‘ Kronenterger and Radt (67) (1927) reported that experimental
;evidence points to an eurly and rzssive appearznce of levulose.
éin the blood on feeding this carbohydrzte. This was ascrited
:to 2 rapid resorption of the sugzr.
§ Cori znd Cori {68) (1927) found that a2 surpius of insulin
§leads tc an increcsed oxidation of fructose in Trets.
| King (69) (1927) reported z study of the levulose tolerance
itest for hepatic e€fficiency. A series of 53 cases snowed tre
gtest to be consistent gnd reliable.

Dunton {7¢) {1927) recormended the Jeruszlem artichoke
and milk as a good possible combinztior for furnisning tone-
tuildirg materials. Ee suggested tzut Znulin is probzbly not

aveilable to the human orgenism and therefore, the artichoke

| sbould be & desirzble crop for iisbetes and obesity.

| Bodey, Lewis, end Euber {71) (1927) reported that the ad-

66, Cori, J. Biol. Chem., 70:577{1926), Proc. Soc. Expti.
Biol. MFed., 23:455(1926)

67. Xronenberger znd Rzadt, Biochem. Z., 190:161{1927)

68. Cori and Cori, J. Biol. Crem,, 73:555(1927)

69. KXing, Lancet, I, 385(1¢27)

70. Tunton, Forcast, 34:295, 296, 352(1927), Expt. Sta.
Record 58:290{1527)

71.. Bodey, Iewis znd Huber, J. Biol. Chem., 75:715{1527)
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- ministrztion of fructose or inulim in butter o0il %o fasted

~ rzts led to 2 deucsition of Lepatic glyccgen.

Cizccio (72) (1927) tried the effect of levulose on

 byperglucemiz. Xormal znd starvec dogs were given intraperi-

toneally small doses of fructose znd glucose, 30 minutes after-

wards lzrge doses of glucose were given Ly moutk. 3lood sugar

E cdeterrinztions rade zt intervals showed clearly that fructose

|

{

exerts =z definite inkititing zction on glucose hLjperglucemize.
The innibiting action is protzably connected in some way with
the internal secretion of the pancreezs.

Steinterg (73) (1927) divided the organs into four groups

&S regarcs their power to utiiizé levulose:

l. ZXeert, rancrezs, znd smzll intestine using it but to
sligntest extent.

Z. Skeletal muscle and kicdnrney using it about as readily
zs glucose.

Se Szlivary glands intermedizte to Xo. 1 znd Ko. 2

4, Liver and lung assimilzte levulose more reacdily than
glucose;

Cori and Cori (74) {1928) stated that the configurztion

of suger determines the rate of zbsorption and mode of utiliza-

tion in the animal (rat) body.

72. Ciaccio, Bull. soc. ital. biol. sper., 2:1025(1$27)
73. Steinterg, Arch. ges. Foysiol.{72. Chem. Abstr., 22:
(Pfluger?s) 217:686(1927) 2601(1928) )

74. Cori and Cori, J. Bicl. Chem., 76:755(1928)
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Ctilization 4 hours
Rate Absorption Oxidized Liver Body
Glvcogen Glycogen

' Glucose 100 44% 18% 25%
Fructose ' 51 365 38% 12%
. Dihydroxyacetone 65 51% 217 15%

Turcaiti (75) {(1928) reported thet levulose nay be trans- :
formed bty the tloou of dizbetics. Ee experimented on ihe glu- é
colysis of glucose, zné levulose in tke blood of normzl dogs and
those with exgerimentzl ciabetes. Glucolysis in normal tlood
after 6 hours ranged from 27% to 59%. On the addition of levu-
lose the glucolysis was grezier than on the adcition of glucose.

In diabetic blood the glucolysis was generally liess than that of
normzl blood. GUpon the addition of glucose the giucolysis was

decreased and in some cases disappeared. Upon the addition ef %
levulose to diabetic blood the glucolysis was generally diminished,§

tut in some cases it was unchanged or increasede.

Solarino (76) (1928) found that inulin produces in dogs a
variable but definite hyperglucemia, it has an inhibiting action ;
on glucose hyperglucemia not as marked as starch, but comparatble v
to that of levulose.

Carpentexr and Root (77) (1928) kept a diabetic patient for

75. Turcatti, Compt. rend. soc. biol., 98:175(1928)

76« Solerino, Bolle. soce itzl. biole. Sper., 3:108(1928)

(Chem. ABsStre., 22:2621(1928).)
77. Czrpenter, Root, Arch. Internal. Xed., 42:64(1928)
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s8ix days on a diet of eggs, meat, vegetatles, butter, oil,
tran, znd bzked potztoe. On five dzys Jerusalem artichoke
furnished 100 g. of the carbohydrates or 95% of the bydrolyz-
able sugar, on the sixth day it wzs replaced ty potato. The
average daily intzkXe wzs 76 g. protein, 271 g. dry nitrogen

j znd fzt free substance. The zverzge dzily azbsorption (feces)
wes 50 g. protein, 40 ge. fat, 205 g. cz=rbohydrzte, or z total
of 1500 czlories. GCGlucosuriz was ztsent on the zrtichoke diet.

: Replaéement of artickoke by potztoe was fecllowed by glucosuria,
increzased tlood suger, nitrogen excretior, znd hezt production.
The sympiots disappeared when the articnoxe diet was resumed.

Corley (78) (1929 reported some experiments on the meta-
bolism of levuliose. Ke found that after internal zadministration
of levulose to rzbtits, it zppeared in the blobd in smzll amounts
and mild poisoning with nepétotoxic sgents had little influence
on tke amount .of levulose in the blood after internal ingestion.
After intravenaus injecdtion of 2 g. levulose per kilogram of
tody weight levulose rractically disappeared from rztbit tlood
in 90 minutes and liver poisons had littie influence on tre rzte
of disposal except in massive doses. If injected simultzneously
with insulin, levulose protected the rabbit from the effect of
ingulin without there teing any striking infiuence on the rate
of removal of the circulating levulose. Insulin shock was
observed on several occasions and levulose disappeared more

rapidly from the bloocd if insulin wzs given subcutareously or

78. Corley, J. Bioi. Chem., 81:81(1929)
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intravenously an hour or more previous to thke intresvenous in-
Jection of levulosee.

Solerino (75) (1929) found that inulin fed in 5 grazn quan-
tities to stzrved dogs produced a hypergiucemiz. Inrulin showed
marked iqhibiting action on glucose hyperglucemie, being com=
parable to that of levulose.

Bertram (80) (1929) reported that peroral aéministration
of levulose results in a less marked rise of blood sugzr than
the same amount of dextrose. Although levulose is zbsorbed
more slowly, it is oxidized more guickly. He stated that insulin
is not essential for the utilization of levulose and suggested
z number of possible explanzations for the differences in the
me tabolism of levulose and dextrosee.

Vestcott and Wise (81) (1929 reported that a dizbetic
patient was unabtle to utilize dried ertichoke powder. They
stated thet the glucose itolerance wes not increased znd thet
articnokes nave o zCvantage as a diatetic food.

Silberstein znd Vachstein (82) (1925) stated that feeding
levulose to rabb;ts has in no instance produced a typical imsulin
effeét. Some ¢3ags showed insulin production following oral

administraztion of levulose while others did not. They discussed

7%. Solarino, Arch. sci. biol., 13:31(1929), Chem. ibstr.
23:2761(1929)

80. Bertram, Z. ges. €xptle. Mecd., 64:295(192¢)

8l. Westcott, and Wise, irch. Internal. ¥ed., 44:362(1929)

82. Silberstein znd Wackstein, Biochem. Ze., 213:301(1929)
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the fact that levulose is not an adeguate food for carnivara.
Arujama and Tzkzhasi (83) (1929) listed the assimilation

per 100 grar:s body weignt of various carbohydrates znd mixtures

i of carbthydrates, giving levulose the value of 0.5 ge., sucrose

C.76 g+, glucose 1l.04, maltose 1.5 g., and inulin 1.56 g. The
urine of rats fed inulin reduced only a2fter hydrolysis. The
to;erances for maltose, glucose, sucrose, and levulose Wwere
given as about the same. They stated that maltose, fructose,
glucose, stzrch, =znd dextrin lezazd in nutritive value followed
bty salzctose, mannose, arabinose, xyliose, lactose, szccharose,
insulin and glycogen.

Carpenter and Fox (84) (1930) reported that the maximum
respiratory quotient wes found mostly during the second kalf
Lour after levulose was given to humen subjecis. They pre-
senfed gqnsiderable dgta on the gaseous exchange of the subjecd

as affected by levulose.

83. Arujama, Tzkahesi, Biochem. Z., 216:269(1929)
84. Cerpenter, Fox, J. Butritiom, 2:359(1930), ({(Chem.
Abstr., 24:2784(1930):)
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The Discovery and Methods of Prepsration of Inulin and
Levulése.

' Since trne main portiorn of this pzper is to deal witkh the
Jerusalem artichoke as the source of inulin and levulose, con-
necting refexrences would be approprizte. The first written
notice of the Jerusalem artichoke was by Champleirn (85) who
reports seeing it in the gardens of the Indians at ¥Mallebarre
(now Kznset Ezrtor, Czpe Cod, Ezss.) on July 21, 1605. A sub-
stence wos found by Rose {(86) in the rhizome of eleccmpane (In-
ulz helenium) in 1804, whick was named "Inulin® by Thomson (87)
in 18ii.

Funcke (88) is sometimes erroneously credited with the dis-
covery of inulin. His work appezred, however, in 1810, in which he§
found thet he could prepare the geculiar "starch" from z water
extrzct of the root of Inule helenium.

In 1813 and 1814, John (89) reported 36.7% inulin in inula
or elecampsne and 40% in anacyclus officinzlis Hayne.

De Claubry (90) published nris study of inulin'in 1815. Ee
reviewed the previous work, adopted the rname inulin and prepared
‘it from roots by. extracting with hot weter, filtering, eVaporating,;

&nd adding cold water. Ee described its properties, believing it

85. ‘hemplein “Toe Voyages and Lxpiorations of 3. De Champ-
lain", C. Scribner's Sons, Vew York, p. 53 (1022)

86. KRose, Neuse Allg. J. Cheme, 3:217(1804), Xickholson's
J. of ¥=t. Pnilos. Chem. znd the Arts, 11:97(1804;,
Gehlen's J. III:217{1804). Nririnal not seen. Taken
from Barding (Reference 147).
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to be similar to starch. It formed an insolutle compound with
Barium, was insoluble ir cold water and solutle in Lot water:
was precipitated by etkyl zlcohol, and could be oxicized with
nitric acid to malic, cxzlic, ard scetic acids. He found it
aifficuit to sepzrate from filter paper if zllowed to cry.

Pzyen {91) first preparec inulin from the dzblia bulb in
1823, Ee suggested zs = metnod: to pulp the tuibs, mix with
water, add 1/2% CaCOg, boil i/2 hour, filter and ,ress, rewask
end re Tress tue residue, evaporete the combtined fi_trutes to
/4 tueir originzl volume, clerify with certon, filter and
evzporcte. Ee called the inulin "danline’. |

Inulin was found in the Jeruszlem artichoke ty Bravonnot
(92) in 1824. He ottained 8.88 grams of what hLe thought to
be inu.in from 500 grams of artichoke tubers. ZIZe believed
Fayen's “"dakiine" to be inulin.

Liebig (93) (1832) cornfirmed tkhe ztove observations of
Braconrot.

Xarquart (94) (1834) reported the prepzration of inulin

from ¢anlias and =ytickokes but éid not ¢detailil his method.

87. Thomson, System d. Chemie, 5:744(1811)

88. Funcke, AnL. de Chemie I 76:98(1810)

8%. John, Chemiache Tzbellen ces Pflanze arzlysen,
¥urnberg. Schrzg p. 17(1814)

90. De Clzubry, ALn @€ Chemie I, 94:200(1815)

Sl. Payen, <. Frarm. Chim., II 9:383{1823)

92. Braconnot, Ann. Chim. phys., 25:358(1824)

93. Liebig, Ann. 2:235(1332)

94. Xarcuart, ibide., 3:10(1834), itid., 2(1834)}
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Pernell (95) (1841) worked on tue constitution of inulin.

Crookewitt (96) (1843) was the first to observe thet inulin
could te converted to ar uncrystzilizable sugar by heating for
fifteen hours in =z water solution.

Soubeiran {97) (1843) discovered that dextrose was notthe
sole procduct of the nydrolysis of sucrose. He found thet a i
levo-rotziory sugar which fermented readily was also formed.

Woskressensky (98) (1846) used chicory as the raw materizl
for toe prepzrztion of inulind Ee used 380 grams of the powdered
root znd obtained 110 grazms of inuiin.

~ Bouchardat (c9) (1847) differentiated tetween inuiin and
dextrin ¥y tkeir specific rotztions znd ty the difference in the
sugars they yield on acid hydrolysise.

Dubrunfaut (1009 (1847) observed that one component of
bydrolyzed sucrose could be isolated zs an insoluble calcium
salt. This discovery was to become the basis for the prepara-
tion of levulose for many years, and =zt tne present time still
rolds the most promise of becoming the successful method for
purifying levulose sirupse ;

Dubrunfzut stzted that zs early as 1830 he had noted the

presence of this component sugar in invert sugar, that it rotated

gS. Parnell, ibid., 39:213(1841)

96. Crookewitt, itide, 45:184(1843)

97. Soubeiran, J. d€ Fhzrm. I 4:3347{1843
58. Woskresseﬁsky, Je prakt.Iaiem., 37:309(1846)

99. Bourchzrdat, Compt. Tend., 25:274(1847)
100. Dutrunfaut, Ann. Chim. phys., 21:169(1847)
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negatively three times =5 strongly as invert sugar and fermented
more slowly then glucose, thus betraying its presence.

Dubrunfaut (101) (1847) in z second article confirmed kis
former chbservations, stating tnat the presence of = strongly
levo=-rotztory sugar could be shown as glucose crystzllized or
was fermented out of invert sugar. '

Dubrunfzut (102) {1856) presented his proof that invert
sugar.was con.osed of two sugars, oné dextrose, and tue other
identiczl with the sugax formeily prepared from inulin.

Dubrunfaut (103) (1869) gave in detail kis technigue for
the séparation of levulose from dextrose as tke czleiur lev-
ulosate. He used 100 cc. of sirup contzining ten grams of
previously invert.d éugar,_added six grams of powdered czlcium
bydroxide at a low temperature with stirring. The rrecipitated
calcium levuloszte was filtered off znd the filtrate 25 well
as the precipitzte treated with oxalic, suifuric or carbonic
acid until neutral. The sugar thus ottained in the Tiltrate
bad a final rotation.of +52° z2nd was dextrose, the suger from
the precipitate rotzied at zbout -45% The method was des-
cribed a8 being very relizble. The levulose was not obtained
in crystzlline forme.

Ferronillat and Savigny {104) (1869) prepared inulin

from the daklia bult. Treir metnod was to ypulp the bulbs,

10l. Dubrurfaut, Compt. renc., 25, 307(1847)
102. Dubrurnfaut, itid., 901(1856)

103. Dubrunfszut, ibide, 69:1366{186%)

104. Ferrouillat s Savigny, itid., 68:157.{18¢¢)
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btoil with water for one hour, filter, precipitzte with lead
acetate, fiiter, remove the excess lead with nydrogen sulfide,
concentrzte and allow to stznde.

Iragendorff (105) (1870) published a review of the pre-
vious work on inuiin. This was z very complete study of the
subject with mazny references given. Ee recommenced especially
tne dahlia or chicory root zs a source of inulin, suggesting
thzt one nzif to one nour extrzction witn weter wes sufficient.
He also cescribed & nethod in which ke pressec the deniiz tulbs
and preci.itatec itne materizl frzctionally witn zlcorole.

Loscoeur and lorelle (106) (1878) prepzrec¢ inulin from the
dehiia, inula nelenium, znd chicory, znd reporiec the specific
rotztions ancd cnemiccl properties to te identicel from the
three sourcese. |

Pe ligot (107) (1880) described = modification of Dubrun-
faut's method for tie separation of levulose from dextrose.
a2 six tc eight per cent solution of invert sugar wes agitated
with an €xcess of lime at O°C., tue calcium levuloseste thus
formed filtefed.off end decomposed with oxalic zcid. & sample
of tne dried levuloszte znalyzed to be C;2H,0.,, 3Ca0. Xo
crystzlline levu.ose wzs obtzined.

Jungfieisch and Lefranc {108} (1880) revorted tne crystal-

105. Drzgencorff, "Xomograph on Inulin", E. Schmitzdorff,

St. Petersburg, (1870 .

106. Loscoeur, lorelle, Compt. rend., 87:216(1878)

107. FPeligot, ibid., 90:153(1880)
108, Jurgfleisch, lLefrznc, Bulle. soc. chim., II, 343675

(1880), J. gharm. cnim., V, 43437(1880), Compt. rend.,

93:547(1880

e qps et s rm et mas e e gm
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lizztion of levulose for the first time. They gave a review
of previcus work, crediting Berthelot with giving levulose its
nzme€e. Treir sirup was prepzred bty Peligot's modificestion, of
tke Dubrunfzut method. (103). The concentrated sirup was

wzshed repeatedly with sbsoclute zlochol znd was eventuzlly

. sufficiently wcoter free to crystallize when abzndoned. Fine

éilky needles were obtserved to form slowly. These writers were
tie first to observe tkat thne specific rotation of levulose
varies.materially with differences in temperaturee.

Kiligni (109) (188C) geve 2 long historical review of
previous work on inulin. He prepzred a2 crystzliine sugar iden-
tical in properties with Dubrunfzut’s levulose t_, Lydrolyzing
inulin in weter. He gave the finzl specific rotation as -82¢
to =93% and clzimed a 96.7% conversior of irulin to levulose.

Girard (110) (1880) described = method for ithe rreparztion
of crystalline levulose whick wzs essentially the Dubrunfzut
nethod. He hydrolyzed a 10% sucrose solution (700 g. SUCTOSE )

in . eventeen hours at 60° C., with 20 cc. HC1l per liter of

. solution. The soiution was cooled to -50C, and six grams of

lime added to each ten grams of sugar. The mixture wzs zgitated

' while the ‘temperature was neld below +20 C. The resultirg

%'precipitase wzs pressed out in a hand press, susrended in water

" a2ndé decomposed with oxalic ecid, whick wes found to te sreferatle

- to carbonic acid. Tne final concentration was mace by freezing

109. Kiliani, Znn., 205:145{1880)
110. Girard, Bull. soc. cuim., I, 33:154(1880)
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and very white levulose resultec.

Berzfeld {111) (1884) obtained 75 g. of levulese (rota-
tion -94.7) from 2250 g; of inulin by denyrating phis sirup
with etnexr and alcohol.

Lehmann {112) (1884) prepared levulose from inulin by
acid hydrolysis and from invert sugar by the lime precipita-
tion method, in order to compare tze reducing properties of
the suger from the two sources. He gave meny bibliographical
citetions.
~ Vinter (113) (1887) reported the specific rotatiom of
levulose to be -71.4° in a 20% solution at 20° C. and reasoned
fror this thzt invert sugar consisted of four -parts, devulose
and ithree parts dextrose.

Fonig znd Schubert (114) (1887) reported thke crystalliza-
tion of levulose from inulin. After hydrolysis with sulphuric
acid, barium hydroxicde wecs added, the filtered sirup concsntsated
and alcohol added. The following year the sszrme authors (11E)
gave the specifig rotation of their levulose from inulin as
-115.936° at 200 C. They very positively ¢ eclared invert sugar
to te a2 mixture of equsl parts of dextrose zna levulose.

vieizaaekxer (116) (1890) described in detail tne method of

111. Herzfeld, Z. Ver. duet. Zuckerind., 34:430{1884)
112. Iekmann, ibid., 34:593{1884)

113. Winter, ibid., 37:796(1887)

114, Fonig and Schubert, kKonatsh., 8:5295(1887)

115. Honig and Schubert, itid., 9:562(1888)

116. W%eizsaeker, J. Fabr. Sucre, 34(1890)
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Jungfleisch because of difficulties encountered by some in the
preparztion of crystzlline levulose. 100 g. of pure sucrose
wzs boiled for O rinutes in one liter of distilled water con-
tairing one grzm of concentrzted E;SO,. The solution was
cooled to 32°C., 50 g. Ca(OH), added, and the mixture stirred
for two minutes tefore filtering. On cooling the filtrezte
the calcium levulosate abpeared. This was filtered off after
24 hours, decomposed wnile suspended in wzter at 30°C. by oxalic
acid to exzct neutrality, filtered and concentrzted in vacuo.
Thie resulting very thick sirup was dehydérated with zlconol and
tue levulose ratizer readily crystallized.

Wiechmenn (117) (18$l) reported the prepsration of some
levulose from inulin after hydrolysis with sulfuric acid.

Tanret (118) (1893) found botn irulin and'levulose present
in the juice extracted from the Jerusalem artichoke. Ee isolated
anc estimated the zmount of each of the several condensation
products of levuiose presente.

Schering {119) (1893-1894) published his work on levulose.
Fe secured z patent upon what wes essentially the old Dubrunfaut
method of precipiteting tkhe lime levulosate and treating it with

carbon dioxide. He used molasses as the raw meterizl.

Young (120) {1898) reported tnzt inulin could be precipitated

from wetexr soliution ty the addition of megnesium or armonium sulfate.

117. Viechmann, Zeit. Rubenz. Ind., 41{n. f. 28)331{1891)

118. Tsnret, Bulle. soc. chim., (3)9:227,622(1893), Compt.
rend., 117:50(1893), J. Fuarm ckim., V3:28,57(18¢3},
Compt. rendes, 116:514(18%3)
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Wolff (121) (1899) mzde inulin from chicory in which
he estimated 12 to 13%. Ke heated 100 g. of the pulped root,
with 2 1ittle C2C0; added, in one liter of water, toiled for
tgn minutes, ypressed out the liquors, evaporated the filtrate
to 100 - 200 CCey znd precipitated the inulin by the aidition
of e€ight volumes of 90% alcohol. Upon reprecipitztion 2.3 g.
was Obtuinede. WoOlff suggested the use of inulin for reeding
c¢izbetics. Le stated tkret the dried chocory root contained
wt least 50% inulin.

Dean (122) (1804) published an extensive work on inulin.
de compared Tanret's .zethod of, preparation with Dragerdorff's
=nd, starting with tne same zmount of raw materizl, prepared
14 g. of inuiin with 2 specific rotztion of -36.8° by the former,
end 22.5 g. Witk @ specific rotation of ~34.2°, by the iatter.
Le tried most of the metrnods previously published. His usuzl
metuod was to boil the pulpéd roots with wotcr containing CaCOg,
express the juice, clerify with lezd, a2nd precipitate inulin
with alcokol or by freezing. |

The Levulose Company of England (123) was granted z patent
in 1905. Inulin and levulose were prepared by hezting the

pulped raw material to 50 - 70°C. to dissolve out the ipulin,

11S. Schering, Oest. Hung. Z. F. Zucherind., 22:108(1863},

Zeit. Rubenz. ind., 33:72{1894)

. Young, J. Fhysiol., 22:401(1898)

121. wolff, Ann., ‘him. aral., 4:157(189¢), itid., 187.

122. Dean, Amer, Cheéme Joy 32:69(1504)

123. Levulose Co. of Eng., British Patent 353,870(1905)
Chem. Abstre., 1:1075{(1905)



- 45 -

teking care to kxeep the solution nmeutral, filtering, getting
rid of zlbuminoids by centrifuging, recovering inulin by freez-
ing, and finzlly transforming it into levulose by acid hydrolysis.

 Stein {124) (1908) criticized the old Schering and Dubrun-
faut methods zs expensive and difficult, = d suggesied the prep-
arztion of levulose fror the dzhlia contzining 10 - 12% inulin,
or chicory root contzining 6 _ 11%, or the artichoke. He sug~
gested stearming the pulp after tie dditiorn of sore lime, filter-
ing, clarifying the }juice, snd freezing. The inulin thus crystal-
ized could bve certrifuged, kydrolyzed with dilute acid «nd con-
ceutrzted to sirup. Various uses of levulose were listed.

tdler (125) (1909) prepared diglucose benzidide, diarabinose
tenzidide and dimzltose benzidide by toiling the respective
sugars witu benzidine znd aicohol. XNo crystzlline derivative
could be obtzined for levulose. He suggested thzt it was Tossitis
to sepurate glucose from its mixtures with levulose by meané of
benzidine, thus purifying the levulose. Excess of the bases
sbould be employed, and that wioick remains uncombined cquld
subseguently be precipitated by sulfuric acid.
Bierry, Zenri, and Ranc {126) (1810) tried tne effevs

of ultravioiet rays on d fructose zané reported it to be completely

decomposed into formzldehyde a2nd carkon dioxide.

124, Stein, loce cite., (Reference 10)
125. Adler, Bere., 42:1742(1909)
126. Bierry, Henri, =nd Ranc, Compt. rend.k 151: 016(1910)
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‘Pernbach and Schoer (127) (1912) described a method of
procduction of levulose by biochemical methods. An anerobic
bacillus, czlled “"gommobzcter" was discovered, which, in nu--
tritive medium,szttacks sucrose apd gives z gum, which is
precipitzted bty zlcokol, zcetone or Ba(OE)s. This gum,
(epproximately 50% of the sucrose is used) is hydrolyzed ty a
trace of zcic to the same weight of levulose. The gum is ppob-
ably 2 levulan. It is rroduced only from sucrose. Although
tce first action is an inversior of the sucrose, no gum is ob-
tzined from invert sugar or azr equimoleculayr mixture of cextrose
zné levulose. The other half of the sucrose is changed into
volatile apnd gaseous procuctse.

Rane (128) (1914) reported agsin the action of untraviolet
rays on levulios€.

Kef (129) (1914) treated 4 fructose with various azlkaline
substances and reported the dissociztion otservede.

Wolff (130) (1916) found a substance in the roots ofithe
danlia and chicory whick rzpidly coagulzted the inulir in
suices from these roots. He named the sudbstance inulo-coagulose.

Daniel (is1) {(1S17) wes issued a2 patent on the prepatation

of inulin and ievulose.

127. ZFernbach and Schoer, Compt. rend., 155: 84{1912)
128. Ranc, Biochem., Z., 64:257(1914)
129. Kef, Ann., 403:204, 383{1%14)
130. Wolff, Compt. rend., 162:514(1916)
131. Dzniel, British Psztent, 109, 813(1917)
(Chem. Abstr., 12:156{(1917):)
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;, vThis callec for the production of imnlim first, from
1vegetéble saps, the saps being purified from zlbuminous matter
'fetc., by nezting with alksline reagents such as the hydroxides

of Fa, X, XH,, Ba, Sr, Ca, or lig, or the carbonates of ¥z, K,

end g, or Pb(Ac)z. The purified saps may then be concentrated
to obtain tiie ipulin, wikich msy be converted to levulose.

Teniel (132) {(1918) obiained znother patent an a process
of preparing inulin from plants in =z form suitatle for thera-
peatic use. Xe specified keeping tne soluticns strongly alkslire.

Irvine and Steele (133) (1920) made inulin fromd&hlias for
toeir investigation of its relation to levulose. They separated
it by freezing, weshed it by decantztion (whick is as effective
for freeing it from ash as dizlysis), and reported tke specific
rotetion as -34.21°.

Herzfeld znd Klinger (134) (1920) gave briefly a metnod for
prepering inulin in pure form whick did not differ markedly from
previous methods. |

Wolff and Geslin (135)'(1920) discussed some of the prop-
erties of inulin zné changes in its‘physical state. They found

that inulin prepzred from chicory or daklia was more soliuble

in water thah thzt obtained from cther sources after .it kzd been

precipitated from alcokol.

132. Daniel, Swiss patent 77,857(1918): (Chem. Abstr.,
13:164(1919) )

133, Irvine and Steele, J. Chem. Soce., 117:1474(1920)

134. Herzfeld and Klinger, Biochem. Z., 107:268(1920)

1:5. ¥%olff and Geslin, Bull. soc. chim. biole., 2:19(1920)

g e e e e
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¥illeman (136) (1920) proposed the production of levulose
sirup from the Jerusalem artichoke, suggesting thzt the
yield wes large per acre ard the inulin content from 12 - 1l4%.
He gave cértain:figures as to production, etc., to attiract
commercial znd industrizl attention.

Dzniel (137) {1921) recormmended the manufacture of levu-
lose from chicory roots which give good yields per acre. Ee
suggested using tkhe exhausted chips and leaves as stock food,
converting the molasses into a coffee substitute and into dye-
| sturr.

Pringsheim snd Aronowsky (138) (1921) made inulin from
danlias and chicory by Dregendorff's method. They reported a
specific rotation of ~36°: An attempt to purify commercial
inulin by Tonret's Ba{OE)p method fziled.

Bourquelot and Bridel (139) (1921) studied the products
of fermentztive hydrolysis of inulin and concluded that inulin
contzins fruciose but no glucose molecules.

Ezarding (140) (1922) pﬁ‘blished what ne classed as “the
first real departure from the much imitated technique of Du-
brunfaut®, for the preparation of levulose. His method was

based upon the use of glacizal acetic acid as =z solvent

136, Willaman, Science, 52:351({1920)

137. Dzniel, loc. cite., {Reference  9)

138. Pringsheim and Aronowsky, Ber. 54B:1281(1921)

13S. Bourquelot and Bridél, Compt. rend., 172:946(1921)
140. Hzrding, <. fme. Chem. Soc., 44:1765(1922)
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in the preparation of glucose from levulose. The method inelud-
ed the récovery of tkhe glucose. Sucrose was the raw material
used znd levulose was obtzined in yields of 25.5 to 28% of the
weight of sucrose tazken, znd the dextrose in yields of 36 to
37.5%. Harding stressed that the method was successful on a
laborztory sczle onlye.

The same year Willaman gave (141) specific directions for
the preparetion of inulin from the Jerusalem artichoke. KHe
ground tne tuters as fine =s possible, and put tkem into boil-
ing water corntzining c#lcium cartonzte. ¥or e€ach kilo of tubers
ne used 1300 cc. of water and 30 g. of CallOg. This was boiled
15 to 20 rminutes, the juice exirzcted with & press, reboiled
with 1000 cc. E,0 and 10 g. of CaCOg, extracted and extracts com-
bined. The _uices were clarifiec with leazd acetzte, avoiding
2 large €xcess, znd centrifuged or filtered., The lead was re-
moved with amponium oxalote and centrifuged zgain. The clear
liquor was then treated with decolorizing charcozl if necessary,
ané evaporzted under vecmum to a content of 40 to 60% solids.

The sirup was allowed to cool slowly, then kept at O to £oC for
several hours, thoroughly stirred with an equzl volume of ice
water and centrifuged. The crystals were then redissolved in
about 3 voiumes of water, filtered hot, conrncentrzted to about
iwice tne volume of original crystzls, and zllowed to crystallize

in the cold as before. The crystals were agzin stirred with

141. Willaman, J. Biol. Caem., 51:275(1922)
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ice water, filtered on paper or silk tolting cloth with suc-
tion, keeping everything cold. ZIhe crystals were washed with
cold water, then with 20, 50, 80, and 95% alcokol =and €ther,
znd dried in an oven at 100°C. (The specific rotztion should
te =33° at least. It is useless to try to obtzin =z higher
rotztion thazn -38% or =-399.) Willaman stzted that Jerusalem
zrticnoke tubers zre not z satisfazctory materiazl for {he prep-
srztion of true inulin, althnough they zre good for the study
of *.z whole group of inulin substzances. He supported Dean's
(142) hypothesis that inulin is z roup of sukstances with
large loosely bound molecules, zné not a single substznce. EHe
suggested the Sollowing as a pdssible procedure for the mznu-
facture of levulose sSirupe

ze Bxtrezction of juice by diffusion.

-~
PN
g
¢ -

te Clarificztion ty means of lime, phosproric acid, and
carton.

c. 4Aecid hydrolysis of egll the inulin todies.

d. ZFPrecipitation of éa-fructosate. .

€. Decomposition of Ca-fructosate and evaporatidn
of tne fructose solution to sirup.

Fringsheim and Iassmann (143} (1922) worked with inulinm,

determining the molecular weight of inulin acetate.

Pringsheim and Aronowsky {144) (1922) stated tuzt imulin

142. Dean, loCe Cit., (Reference 122)
143. Pringsheim and Lassamann, Ber. 55B:1409(1922)
1l44. Pringsheim and Aronowsky, ibid., 1414(1922)

et e e e
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in solid form and ir its collocdizl solution is an association
procduct of a triply polmerized znhydrotri-fructose.

¥icksch (145) (1922) discussed the advantages znd uses
of levulose (fruit sugars) recently prepzred from ckicory.

Daniel (146) (1922) obtzined = izatent for the clerifica-
tion of juices from the dahlia roots. The juices are ieated
to ztout 800 for 30 to 90 minutes znd trected with Fapgllg sol-
ution in excess, filtered =nd exaporzted to crystazlliize tue
inuiine. COg may te used o precipitate the impurities tefore
fiitrztion.

Earcing {147) (1923) presented annistorical skeich on the
discovery and preparztion of levuloce, ailong with an azccount
of his own work on the jreparation of dextrose znd levulose
from sucrose by a combination of ihe glaclal acetic acid rzethod
{141) and tue old Dubrunfzaut procedure. Later the szme jear
Haxrding presented elsc the uhistory of inulinm and described =z

-~
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method which e found Telizvie Tor preparing iC to 19

oA

inulin from the dried commercial chicory root. Ee suggested
this as the most easily zccessible scurce for ordinary LUrpPOSES,
znd statecd toct the method could be applied to 100 pounds of the

gried root at a tlme. The netrhod wos described as follows:

145. Xicksch, Z. ges. Kohlensaure Ind., 28:263{1922)

146. Dzriel, U. S. Pz=tent 1,399,544(1922): Chem. Absir.,
10.850(1922)

147. Earding, SugaT, 25:406(1923) itid., 636{1923). &
portion of tLe present sunmary was taken frox these
two historical sketches.
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One Xkilo of finely ground chicory root is mixed with 3 liters
of water, and ti:is mixture boiled for one hour and filtered.
Zepezated trizls aemonsirated tcat tre bydrolysis during this
boiling is not sufficient appreciably to effect the ultimate
yield so no carbonate is zdded. The chnicory residme is tho»-
oughly wesned with hot wazter, and the juice finally expressed.
The filtrzte, after cooling to a2t least 40° Cey 13 trezted with
basic lezd zcetate solution to complete precipitation with the
slizktest Lossitle excess, znd trne precipitate is separated
ty filter iressing. The zddition of = little Xorite, and some~
times z few cubic centimeters of bzsic lead zcetate solution
gust before passing hydrogen sulfide, practically alwzays pre-
vents the formaziion of tie troublesome collodial precipitate.
£ little CzCOg may be zdded anc sufficient Norite to decolor-
izq &S much 2s possibles £11 the color will not usually dis-
epp€are +ine filtrete is concentrated to =z volume of zbout 500
cc. and 2 volumes of 80% zlcohol added. If placed in the cold
over nighnt 10 to 15% of inulin settles out tefore rorning. The
ash may be lowered €ither ity dialysis or bty washing by decantation.
Reprecipitation as follows also tends to reduce the ash content.

Ore rtundred znd fifty grams of crude inulin are dissolved
in one liter of not 40% =2lconol. %hen solution is complete,
Norite is addeé, znd the solution snouléd filter clear and color-
less. Two liters of 80% alcohol contazining = little HXOg, (about
1% by volume) are added, and the solution is set in the ice btox

over nighte. The inulin settles out, is filtered off and dried

e e o mi & e e e e s e e e s
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in vacuo at 95%F., and the yield on reprecipitztion is zbout
70%.

Jackson, Silsbee, and Proffitt (148) (1924) announced that
wbite crystzlline fructose kad teen prepared from the Jeruszlem
artichoke (and could possible be made similzrly from the danlia
and chicory) by extrzcting the juice, tydrolyzing with dilute
E2S04, defeczting with lime, filtering, precipitating ine Ca-
fructosate, czrtonzting, filtering, zré evzporzting tue sirup
in vzcuo to 91% solids, crystalliziag in motion, centrifuging
and drying. The first massecuite gave 515 by weight as crystals.
A second crop of write fructose was obtained by dropping the
purity further to 69. The artichoke juice contzined 10.7 - 12.4%
fructose mostly in polymerized form and 80 - 85% of tnis was
obtained as crystalline fructose.

In 1925, Bates {149) wrote concerning some resezrch work
on dextrose znd levulose, giving the progress of the investiga-
tions of the Bureau of Stznderds.

In 1926, Lippmann (150) reported an interesting incident
of only theoreticzl importznce. Ee found after a long autumn
not spell suddenly followed bty an unexpectedly sharp frost,
that z large nurber of large, half-ripe tomztoes still hanging

on the plents skhowed peculizr excrescences consisting of a

148, Jackxson, Silstee, and Proffltt, Jo Ind. Znge. Cheme.,
16:1250(1924) ’

145. Bates, Facts Atout Sugar, 21:250(1925)

150. Lippmann, Ber. 59B:348(1926)
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mucilaginous nucleus permeated with a multitude of pointed
needles, which he found to te pure crystzlline fructose.

The metuod of Daniel {151) was tried on z fzctory scale
in 1926 by Foche (152). Chicory wus the raw material used.
The roots were cut in = beet slicer and extracted in a diffusion
battery at 75 - 809C. The raw juice contained 12 - 14% dry
substance. Inulin was first crystallized out aiter liming and
trezting with sulfur dioxide. Ferfectly write inulin in yields
of 2% of tke original chicory were obtzined at one factory while
6 - 8% were obtained zt znother fectory. The difference in
yields was credited to the second fzctory being better equipped.
The inulin wes mixed to a paste witn 50% water, C.1% ECl, zand
beated at 90 - 97 . for 1 1/4 to 1 1/2 hours. Kydrolysis was
considered complete when addition of azn equal ¥olume of zicohol
gave no turbidity.. The solution was neutralized by ¥aOHE to
only slight acidity, treated with "Eponite" znd filtered. A
golden yellow sirup at 80° Prix contzining 0.20% of ash was
obteined. Solutions of 84-880 Brix crystallized on seeding
and holding at 40°C,

Jackson, Silsbee, and Proffitt (153) reported also in
1926, their cetailed method for the preparation of levulose

from the Jeruszlem artichoke, and the dakblia. The levulose

151. Daniel, loc. cit., (Reference &)

152. Eoche, <. Ver. duet. Zuckerind., 76:821(1926),
Sugar, 29:181{(1927)

153. Jackson, Silsbee, and Proffitt, loc. cit.,
{(Reference 8).
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was separated from the converted artichoke juices bty the olid
Dubrunfout lime ;recipitztion metrod, revised to procuce largerxr
znd more €asily filtereble crysizls. The inulin w.s obtzinatle
directly from the dakliaz juices ty freezing, znd converted to
levulose sirups of 86 - 90% purity. A study of the solubility
of levulose in wzater indiczted the fezsibility of crystalliza-
tion from agueous solutionse They reported thft pure white
levulose is capzble of Torming agueous massecuites which can be
purged centrifugally with =z facility approazching that of sucrose.
Tbeir metnod followed vexry closely the procedure suggesied ty
¥illaman (154) in 1922.
| Schering (155) secured z patent om the preservation of the
inulin content of sliced chicory roots or carbohydrates of
other plant mzterials, ty treatment with chloroform vapor or
other necrcotic gases such as ethylene bromide, toluene, acetic
ester, COg, CO, water gzs, or ACK. Also 2 patent on the treat-
ment of zn aqueous pulp of inulin with 2 volatile organic gcid
such as formic, zcetic, or COg5 decolorizing the sirup with
Chsrcoal znd concentrating ic obtain the fructose direci. when
CO, is used the grocess is carried out in autoclaves.

irsen {156) secured z number of patents in 1927. These

covered the purificztion of inuiin by ¥g(OE)p, the purification

154, %illamsn, loce cite., (Reference 141)}.

155. Schering, Brit. Patents 206,695, Feb. 26(192¢),
272,876(1926), French patent 634,363(1927;.

156. Arsem, U. S. Patents 1i,516,164: 1,616,167: 1,616,169:
1,616,165 1,616,172: 1,616,171i: 1,615,170:1,616,166
(1527} Crem. Ztstr., 21:1026, 1027(1927)
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by Ca(0H),, CaCl,, tomeblack, znd finally Neo,COs; the hydrolysis
of inulin by tartzric acid or otcer zcids until rotztion passes
t;rough mzximum, decreases, and pesses through = second rmeximum
€ven greater than the first; obtaining fructose frorx inulin

ty ECl at ¥ to C.01¥ at 100, concentration of fructose sirup
from ;urifiedé inulin by use of less than 70% EoL0 zrd an organic
acic such as tartaric at pF of 0.05 or 0.015K; specifies tm

use of HCi at a concentration of 0.08Y for 5 minutes zt 1000 C;
clarification by adding z bzsic substance such as Xz0%, XOH,
NEZg0H o 2n zcid agueous extrzct containing inulin until the

acid extirzet contzins 0.00001 L. equivaient of zcid rer liter,
impurities tuen .recipitzted when extract is hezted znd solution
can be used to prepare opure fructosee.

In 1928, W%octerman, Rooseboowm, and Oberg, (157 revoried
that Czaleciux fructosszte, which is easily prepared ty aéding
Cz{0H): to 2 5% solution of fructose snéd zllowing to crystallize,
is partially decomposed on drying. They stated thet if fructose
is to te prepaered tne fructoszte must be worked up wunide wet,
and suggested tnczt fructose could be prepared from invert sugar
and teet molzsses.

Tce szme yeer Lrsem (158) secured two zcdditionzl patents,

tie first covering tue clerificetion of inulin tezring juice

157. dzterpzn oosebooms &and Oberg, Chem. Weelstlad
‘ 53:55?19?8 ? € ?

158. Arsem, U. S. Patents, 1,503,233: 1,663,2534(1928)
Chem. Abstr., 22:1700(1928)

——
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to form a mixture of inulin and other carbohydrztes in solu-
tion. These are then hydrolyzed to convert into fructose znd
an enzyme such as yrepsin is added to remove rrotein impurities.
The second patent specifies hydrolyzing the polysacchgrides
contained in the residue after inulin Las been recovered from
toe juice of plants suéh gs tue dazlia or thne cerusziem arti-
choke znd separzting the fructose Tormed.

Eaworth znd Lezrner (159) (1528) worked on the structure
of inu;in.

Vogel znd Pictet (160) (1928) recorded so..€ otservztions
on tke depolymerizztion of inuiin.

Scnlubzck znd Horst (161) (1528) described the synthesis
of tkhe "basic sutstarce® of inulin. |

Fringsheim, Reilly, and Donovan (162) {1929) reported
further corncerning the siructure of inulin z2nd Reilly and
Donovan (163) stzated that taneir experimentzl results pointed

to difructose anhydride as being the structural unit of inulin.

159. Eaworth znd Learner, Jj. Chem. Soc. I, 615(1928)

160. Vogel znd Pictet, Helvetica Ckim. LZcta, 11:215(1928)

161. SchRubach and Horst, Ber., 61B:2358(1¢28)

162. Pringsheim, Reilly, and Donovan, Ber., 62B:2378(1929)

163. Reiily anc lonovan, Sci. Froc. Roy. Dutlin Soc.,
19:409(1930)
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EXFERIEXXTAL

L: £nelysis of Jerusalem Artichoke Tubers. (164)

The sugars were determined by Cst's cupro-czrbonzte method
&s rnodified by Nyns (165) and reviewed by Jackson (166}, Oliver
(167), =nd Traub, Thor, Willamzn, znd Oliver (168).

Due to the unavailability of Xyns' {165) article, his
tztle with additions by Oliver is repeated nere. (Tzble II;
(167}.

The anzliyticzl results are sw.mezrized in Tzble IIl.

164, The author is grateful to Dr. E. S. Ezber of the
Eorticulture Depzrtment, Iowa Stzte College, for
furnishing the Jerusalem artichoxes and caicory
used trrougnout these experimentse.

165. Eymns, Bull. assoc. €cole sup. brassierie Louvain,
25:63(1925): (Cnem. Abstr., 19:1236(1925).)

166. Jzckson, J. 4ssoc. official £gr. Cnem., 9:178(1926)

167. Oliver, "The Bevelopment of kethods for itue <nzlysis
of Inulin Bezring Plants". (1927). (Unpubiishked
¥aster's Thesis. Copy on file Univ. of Xinn. Libr.)

168. Traub, Thor, Willaman, and Oliver, Plant Fhnysiol.,
4:123(1929).

v——— s
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Table I
Copper Volues for Glucose and Fructose in the Cupro-
Carbonate l'ethod

Columr I is for use when reduction is cérried out on a2 sand
bath, II in boiling water, III ir wzter bath a2t 48,5%-

49.0°C.
Sugar Fructose Glucose
Dextrose and lLevulose Cu Cu

' I I 111 II

g e BZ . mege e Mfe

5 14,5 14.5 11.5 12.72

6 17.5 17.5 1540 16.13

7 20.5 2045 1840 19.56

8 23.5 23.5 21.5 22.98

9 26.5 2645 25,0 26441
10 29,5 29,5 28,5 £9.82
11 33.5 33e5 32.0 33426
12 575 3740 35.0 36469
13 41.5 40.5 38.0 40.4
14 45,0 44,5 41.0. 43.51
15 48.5 £8.0 44,0 46.67
16 52.5 52.0 47.5 45,79
17 56.0 £3.5 51.0 52.50
18 59.0 5940 54.0 55.79
19 6245 630 57.5 59.00
20 6640 67.0 61.0 62.10
21 69.5 7140 64.0 6530
22 73.0 75.0 67.0 68.41
23 7640 7845 70 .0 7is21
24 76.0 81.5 730 7497
25 82.0 84.5 7645 78.21
26 85.0 8745 80.0 81.70
27 880 SG.5 84.0 85.00
28 1.0 93.0 87.5 88.30
29 94.0 96.0 9140 91.60
30 $7.0 99.0 . 95.0 94.90
31 100.0 102.0 89,0 97.8
32 103.0 10546 - 104.0 100.7
83 105,5 108.0 109.0  103.6
34 108.0 111.0 11445 106.6
35 111.0 114.0 120.0 10S.7
36 111,0 117.0 12340 113.0
37 116.5 120.0 127.0 116.0
38 119.0 12340 13045 118.3
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42
43
44
45

47

49
80
51
852
53
54
S5
56
87

39
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61
62
63
64
65
66
67
68
69
70
71
73
74
75
%
7
8
79
80

122.0
125.0
128.0
131l.0
154.0
13645
139.0
141.0
143.0
145.0
147.0
149.0
152.0
155.0
158.0
161.0
164.0
166.0
168.0
170.0
172.0
174.0
176.5
179.0
1835
184.0
186.0

-60-

126.5
129.5
13240
134.5
137.0
140.0
142.5
145.0
148.0
150.5
153.0
1555
158.0
180.5
163.0
156545
168.0
17045
1735.0
176.0
178.5
181.C

134.0
137.0
140.0
142.5
145.0
147.5
150.0
153.0
156.0
159.0
162.0
164.5
167.0
169.5
172.0
175.0
178.0

122.9
125.7
128.8
131.9
135.0
137.8
140-5
143.9
147.1
150.2
153.2
156.5
159.8
163.0
165.5
167.3
170.5
1731
176.1
179.0
181.9
184.9
18747
190.7
19347
1865
199.8
202.2
204.8
207.2
210.2
213.2
215.8
2i8.2
221.1
223.8
22645
2283
232.1
234.9
2373
239.6

U



Table III

Analysis of Artichokes Grovn at Iowa State College, 192V
Dete Dry Fruc- (Lov) Total Iructose Tructose
Veriety bate £Launl- Moipe Mat- tose CGlu- sSugar GIlucose Ty sugar
' Dug yzed ture ter co8e
Mammoth French’ ‘
White (Vaughn's 10-15 10-19 77.45 22,566 11.94 2.8 1l4.79 4,19 0.807
Seedling)
wild (Native to : ‘
Iowa) 10-28 10«23 069.00 31,00 15,02 2.02 17,04 7,44 0.881
Purple (Minn.,
seedling) Hill 9 10~20 10~24 74,31 25,09 16,04 2,89 19,55 5,76 0.851
]
Purple (Minn. o
Seedling) Iill 6 10«20 1lC=-20 75,568 24,42 1b.6L 1,99 700 1ll.23 0.918 -
]
UC SO D. A.
(Minn. Seedling) 10-20 10«25 78,53 21l.47 14,27 4,14 16.41 3.44 0.77%
Hill 11
Ue 3¢ Do L&
(Minn, Seedling) 10-20 10~25 76,83 25,17 l4.38)L 4.02 18,33 ¥.56 0.780
Hill 14
Mammoth I¥rench
White (170) - 40~20 7=3l 76,21 23,79 1l0.14d 4.32 1446 2,85 0.701

(Vaughn's seed. )

1689.
170,

Glucose refers to all sugar presont except levulose.
Trom Vaughn's Seed g£tore, Chiocago.

Sample stored in gbopvored bottle at 80°C.
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B. 4Apslysis gg_Jerusalem.Artichéke Tops

» Since the artichoke produces zburdant tops {approximate-
ly 15 toms (171) per zcre, green weight) uses will nave to be
found for tuis portion of the plant. Witk this in view the
chemiczl composition is of interest.

Traut, Thor, Zeleny, and %illaman (172) have reported their
enalysis of the tops, z2long with a comparison of other worker's
results. They confined their exzmination to the determinstion
of moisturé, ash, sugers, stcrch, pentosans; protein, znd crude
lipides {chloroform extract).

- Tne present report will include only moisture, ash, lignin,
uwnd cellulose. The szmples were prepared by grinding the air
dried siocks in a wiley mill through a 200 mesh sieve.

The lignin was determined by the method given by Schorger
(173) and zs apviied to tke corn stock by Peterson znd Tixon.
(174) Tie cellulose wes determined ty the chlorination € thod
of Cross and Bevan. {175)

B¥.

Ash - 3.61%, lignin - 14.35%. The cellulose wess determined om

ne following average values were found: Xoisture - 10.15%

the oven dried sample {100°C), and the value found to be 27.09%._§

The values for ash and lignin expressed s percentzge of dry

i7l. Schoth, Agr. Expe Sta., Oregon State Agr. College
Circular Xo. 89, 9(1925)

i72. Trazub, Twor, Zeleny, ¥illaman, Jour. Agr. Xesearch
39:551{1229)

173. Schorger, "Cnemistry of Cellulose and Wood", Vclraw-
Eill Bookx Co., New York, p.524 (19258)
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weight are 4.02% and 15.S57% respectively.

C. Tne Frepzrztion of Inulin

‘L. From chicory

z. Two hurndred grams of dried chicory chips {moist-
ure 5.2%) were treated with ome liter of water, 10 g. caleium
czrbonzte z2dded, and the mixture boiled for onme hour. The juices
were expressed in a hand press and the puip trezted with 700 cc.
of water, boiled for 30 minutes, the juices expressed znd added
to tne first extract. The couwbined extract was boiled with
Norite (20 g.) for 15 minutes, 30 g. of filter cell zdded and the
solution Tiltered on a Buchmer funnel. The juices weie quite
dzrk ir color, naving =z refractive index of 1l.3472 =t 28°C,
(10.5% =olids). This solution wes seeded with 0.05 g. inulin
and kept in an eleciric refrigerator at 89C for five dzys. Xo
crystalilizztion occurrede.

The solution was then treszted with 10 g. of scdium czrbonate,

20 g« of Korite added and kept 2t 80° - 90° C. for 30 minutes. wen-

ty g« filler cell was added and tre solution fillered on a
Buchner funnel. (The filtrztion was accomplished very guickly
with the filter cell present, but z previous trial without fil-
ter cell was unsuccessful.) The filtrate was neutrslized to

slight zlkzalinity witk HEl and concentrzted in vacuo {35 mm.

174. Peterson and Eixon, J. Ind. Enge Chems, Lnzalytical
‘Edition, 1:65(1929)

178, Cross ané Beven, Cellulose, Longmans, %reen and 20.,N.V.

London . 94(1916)
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pressure) on a water bath at 60°C. to 2 volume of 700 cc.

Trhis sclutiorn was quite dak in cclor, wmith 2 refrzctive index
of 1.3751 at 289C. (27.3% solids)

A 5 cc. sample of the inuliin contzining sclution was
trezted witkh =z few drops of a saturzted solution of ammonium
srliate. ¥o immediate preciritztior of inulin occurred. After
stznding for 8 hours at 26°C. 2 slight precipitzte was observed.

L second 5 cc. portion of the solution wes trected with a

few drops of 2z cold wzter extrzct of the peelings from Jerusalem

artichioke tubers. ¥o coagulatiorn of inulin wzs otserved even
after stznding at.26°C; for & hours.

The remainder of the solution was rlzced in an e€leciric
refrigerator 2t 8°C. and zllowed to femain for 3 days. Consid-
erzble inulin had crystallized znd was separaied znd washed
with cold weter{100C) in a centrifuge. Tne yield wes 22.4 g.
or 11,2%< The specific rotaticn of tne inulin wes found to be
-32.5%° at 20°C:

2. X¥rom the Jerusalem Artichoke

Ze The sarmple used wes tne wild veriety, nztive to
Iowa. 600 g. of the washed itubers were groundé taroug: a food
cuopper, trested with one liter of water, 2 g. of czicium
cartonzte added, -nd the mimture heated on a water bath {(100°C)
for one hour. The julices were expressed and tkhe pulpy extracted
with encther one liter portion of waler znd nexted on tae water
bzth for iwo nours. The corkired extrzcts were treated with

ten grams of scaium carbonate, hezted to boiling, and filtered

4
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tkrough a small hand filter cress. The filtrczite was cuite
dark in color. It was neutrzlized to slight =zlkalinity with
ECl znd concentrzted in vzens on z weter both 2t 63° C. to =
thin sirup. On standing for two dzys tnis siruy deposiied 8
g+ of inulin which was filtered zné washed witk difficulty om
a Buckner funznel; this amgunied to z 1.3% yield . The pro-
duct, nowever, wzs dark in color and 2 small sample yieclded
considerzble ask on ignition. & second crystallizziion from
WateTr gavVe 4.5 g. {or 0.75%) of white inulir with & re¢ latively
-low ast content.

b. The juices were expressed from 50 g. of fresk
ceruszlem artichoke tuters by meens of &« hand press, ané neated
to toiling. The €Goagulzted mzterial was filtered off and the
qooled filtrzte, which wees cuite cleszr, tut ied in color, wes
trezted with ten drops of the ¢old weter exirzci from the
Jerusaler articnoke peelings. ﬁc coagulation of inulin wes
obsexrved even zfter zllowing the solutior to stanc for 24 nourse.

D. The Preperstion of Levulose Sirup from Fresk Jeruszlem

Artichoke Tubers by direct Methods.

l. " One kilo of freshly dug tubers (Vaugin's seedlings
Oct. 10, 1929} were chopred im a chopping towl, trezted with
500 cc. of water corteining 2.3 cc. of concentrzted F,50, (to

make solution zpproximately 0.1 X¥}. This mixture was kept at

° o~ 2 . }) : s
75° - 390 ¢, on = zier bath for feour hourse. The juices were

eéxpressed in z hand press, the rulp was extracted with 2 sec-

ond portiom (500 cc.) of boiling water and the extracts combined.
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Tee total volume was then 1500 cce {pF = 3.5 = 4.0}. &

saraple of tiis solutisn war clzrified with normesl lead zceteate,
delezded with disodium phosphate and polarized in the sacchari-
meter (200 rm. tube). The otserved reading was (-14). The
solution was trested with 1 cc. of concentrated X:S0,, znd
allowed to stand until the following day. (pH = 3.2). 4
clzrified szxm_.le was plzced in the saccherimeter and the ob-
served rewding was {~15.5). fnotker 1 cc. portion of concen-

troted F,S0, wzs added znd the solution heated to 8CoC for 1/2

kour. (pF = 2.8, rotation -24). The rotztion remzined constant

at (-24) after the recting hzd been continued for 1/2 hour
longer.

The pf wzs z2djusted to S.0. - 6.0 with slaked limey 20 g.
of Forite was zdded, the solution hezted to boiling, znd fil-
tered guicklye. The filtrzte, green in color, was concenirated
to S00 cc. in vzcuo, on 2 water bzth at 609C:s, 10 g. of Norite
was added znd the solution heated to boiling. This treatment
Tailed to clarify the solution. Slacked lime was added until
the pE was 8 zrd the solution wzs kept at 80°C. for 10 minutes.
fter filtretion the solution wes still derk green in color.
The pF was adjusted to 5.5 znd the concentratior in vacuo con-
tinued. On teing r.ezted the solution sudderly turned a pale
yellow color, and became reddish-brown as it became more con-
centraeted. The thick sirup obtzined had a bitier saline taste
and ihe odor of stiroxng nelasses.

2. One kilo of tubers (same sample 2s in Sec. 1) were
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ground through a food chopper znd treatéd with 500 cce. of
water contzining 5 cce. of concentrzted K5;50,s The solution
wzs kept at 75° - 80°C. for two hours znd the juices expressed
with a hand press. (pH = 2 - 2.5, rotation -247). Slaked
lime was added to adjust the pH to‘5.5; 20 go of XNorite =added
and tue solution kept zt 80° - 900C. for two hours. After fil-
tration (in filter iress) the solution wes light green in color.
It was concentruted zs in Sec. 1, to za volume of 500 cc., becoming |
dark green in coior. Twenty g. of Norite waes zdded, the solution
kept at 80° -« 90°C. for 30 minutes znc filtered in z filter
PTESSe 4Apparently no color wzs reroved. JThe concentrziion in
vecuo wzs continued and z very thick dark sreen sirup ottzined
with a taste similar to thet from Sece 1, 2nd an even stronger
molasses odor.

3« One kilo of tubers (sample szme as in Sec. 1) were
groung througn a food chopper, nezted with one liter of water
for one nour (in Yoiling water bztn) znd juices expressed.
The pulp was extrzcted witL another portion of boiling watler
(one liter) =nd the expressed Jjuices combined with the first
extract. Five cc. of concentrzted S0, was added and thne sol-
ution kept at_80°C. for two hours. Considerable coagulation of
material was observed and tne solution left ligat yellow in
color. (pH = 2.0 - 2.5, rotation -7 in 10 cm. tube). Tne
heating was continued at 809C. for four hours and the rotation

remained constante The solution was made alkaline (pH = 8)



- 68 -
with kime and neated to 70°C.y 20 g. of Forite wes added, ¥e
solution filtered in filter press, and pF adjusted to atout
6 immediztely with Es20 (Toe totzl time the solution was

-
‘..

alkzline wes 30 minutes.! The remaining trestnent was identical
with thet in 2. stariirg with the concentrztion. Tae resuliing

sirur kel z very satisfactory coior (ligkt brown) bui z2tocut the

sere tzste cos those of 1. znd 2. ard not cuite so strong an
odor of mclzSSESe

E. Tke Conversion of Inuiin with COs.

1. Five grems of pure inulin (¥erck) wzs cissolved in
125 cc. of kot distilled water snd the solution ¢ivided into
two equal perts. Tae first portion hzd a rotction (sacchari-
meter, 200 mm. tube) of -7 zt £3°C. One mour later tne Tota-
tion wcs founé tc be uncuanged.

Tnc second portion wes pleced in o pop bottie znd trezted
witb~30§ under & yrevsure of 100 lts. with sheking {or 2 mecn-

aniczl shaker) for 15 minutes. {Texperature 23°C.) A test

(o)

showed that the rofation kad remained constant at -7. The
sheking wes continucd for znother 45 minutes with CO, under a
oressure of 100 1lbs. sgain the rotation was found tc have
remzined constant (-7 at 239C.)

2. Five grums of yure inulin (¥erck) was dissolved in
250 cc. of warm distilled water znd divided intc two €gual
parts. Tue first pari hzd & rotaiion (saccharimeter? 200 mme
tuke) of -3 at 33.5%C.; 30 minutes lzter the rotztion was

found to be unchangede.

A ey e e e oo 4t
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The second pert was placed in a pop bottle znd neated to
a texperziure of 85° - 90® ¢c. ty means of steam pessing through
a Trutter tuting coilied zrouné the brzss suield conteining the
pop totile on the mechanical skazker. COj; was adminictered
under o pressure of 100 lbs. and the kheating and shaking con-
tinued for 30 minutes. A test showed the rotztion to be the
same =5 the untrested portion (-3 at 33.5° €.)

e Five grams of pure inulin (Merck) w=s dissolved in
300 cce of werm distilled water. Tie soiution had &z rotation
(saccuazrimeter, 200 mm. tube) of -2.3 at 259C. The soiutien
was pleced in a pop iottle with COp under =z pressure of 150 -
200 1lts. with shaking at 25° C. for 30 minutes. Thre rotation
was found to be -2.4 at 250 C.

4. Five grzms of pure inulin {¥erck) was dissolved in
123 cc. of warm distilled wzter znd the solution divided into
two equel partse. Toe first part nad a rotation (sacchzrimeter,
200 mm. tute) of =-7.2 at 24° C. The solution was kepi at a
temperzture of 85° - 90°C. for 1/2 hour. Distilled wzter was
zdded from time to time to keep tne volume constant. The ro-
tation was found to te -7.4 at 24C C.

Tne second pert wes treated as in 2. above except the COg
pressure whichi was 200 1lbs. zna the time of heating and snak-
ing 1/2 hour. Tuhe rotation wzs found to be =-7.3% at 24° C.

F. The Preparation of Jevulose Sirup from Fresh Jerusazlem

Artichoke Tubers by the Lime Precipitation kethod.

a g e o s et e+ anera e eis e
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le On 2 small scale

2. Two kilos of tubers (Mzrmmoth French White Variety)
were ground tnrough a food chopper and treated with 2 1/2 liters
of water and 60 g. of CaCOge The mixture wes heated to toil-
ing and btoiled for twenty minutes. The juices were expressed
and the pulp trezted with 2 liters of wzter and tke ﬁixture kept
at toiling temper:zture for twenty minutes. The expressed juices
were added to the first extr:ct, and 46 cce. of concentrcted EC1l
was added, meking the soiution ap _roximztely C.l normzl.
The conversion wus accomplished on a wzter tath =zt 750 - eoc.
The tempe.zture wes maintainec until two successive réadings
spowed tze rotzation (saccharimeter) to be constant. Consider-
able materizl which had coagulated during the conversion was
filtered off in &z filter ;ress znd the filtrzte sllowed to
stand over night. Thne following dzy slaked lime wzs added
(pH of 8) and the solution heated at 80°C. for 15 minutes.
Yorite was added to decolorize and toe solution filtered in a
filter press. (Very high pressure wes required). The fil-
trate was a light straw colore.

The lime levulzte was precipitated in = four l. beaker
packed in ice, equipped with a stirrer. The Bureau of Standerds
(176) procedure was followed for the grecipitaztion. Lime (100g)
was slzked, diluted to 1,050 cc. and zdded in 1% portions of
70 cce €acn. {(One portion of lime wzs thus eguzl to ayprox-

imztely 266 cc. of sugar solution.! Five hundred cc.
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of wzter and one portion of lime were plzced in the beaxer
and cooled to a2 terper:ture of 1° to 2° C.s» 266 cc. of tre
clerified levulose contzining solution wzs added dropwise,
with stirring, znother portion of lime added, etc., until the
precidtatior was conmplete.

The lime levulazte was filtered on iwo six inch Buckner
funnels. Two czkes which were about one inch tuick after teing
rressec dowm were obtzined. Tnée cazxes were wasned witn iced
iiwe wzier uniil the weshings gave no trace of color. They
were pure wiite zftier tihe wasning.

Toe lire levulate was suspended in one liter of iced water
and czrboncted in sn Erlemmeyer flask with slight rressure and
shaking. Toe precipitzted CaClg was filtered on z Buczner fun-
nel, wasned, znd tre filtrate whickh was coloriess was concen-
trated in vzcuo. Ls tze concentrzaiion progressed salts precip-
itated and ine solution wzs fo.nd to be zlkaline to litmus and
yellow in colore. The pF was adiusted to 6 with phosphoric acid,
the solutiom filieéred znd the conceniration continued. The re-

sulting thick sirup (100 cc. z2tout 85% soiids by refractometer)

was light goldéen brown in color znd possessed a very sweet honey-

like taste. After seeding and z2llowing ito stand for one week
about 3 g. of lévulose crystzls were obtzined. Tae szlts from
tne water used (and 2lso gerhapys from the HgPO4 acic¢ and Ca0
present) seemed to ninder crystallization merkedly.

2¢ 0On a large scale

PR il e oo N
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Ze selve kilos of washed <uters werse
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a food chopper, placed in a stezm jacketed kettle with 16 1.
of water 2nd cooked at boiling temcerzture (1009C.} for 1 1/2
nours. Theé Jjuices were pressed out in z rand rress. {(Volume
of extrasct was 18 1.) The pulp wes trezted with 12 l. of
water and the mixture kept zt 100°C. for 1/2 hour. The expressed
Juices were added to the first extract mzking the totzl volume
28 liters, 465 cc. of concentrated HC1l was zdded (kaking the
total acidity 0.1923 normal) and the solution a2llowed to stand
for nine hours.

A clzrified sampie showed a rotation of ~4.5 at 24°C.
(seccharimeter, 200 mm. tube) Tne solutidn was therefore
Leated 2t 80°C. for 3/4 hour. (Rotation =6.4 2t 24° C.) After
reating agzin at 80° C. for 1/2 hour the rotation was found to
be constant (~-6.4) and the solution was filtered through a small
iend filter press. The solution was neutrzlized by lime to a
pH of 7 = é, kept at 2 temperzture of 80° C. for 20 minutes,
and =gain Jiltered turough the filter press. (The press had to
e clezxmed six times during the filtrztion of the 28 1. and the
time reqguired kgs 9 hours.; The filtrate was dark in color but
clear.‘
| The precipitztion of tue lime levulate was cerried out as
on the suzll scale (Sec. F l.), using a ten gallon crock packed
in ice to receive the juices.The lime (850 g.)wzs slaked and

placed in 6 l. of wzter. The lime wzs zdded in 56 (107cc.)

176. :ECkson’ Sileeey end PIOffitt, loce. Cito, (Ref’
erence 8)

[
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portions and the juices in £6 (500 cc.) portiomns. It wzs
impossitle to keep the tempercture down to 0°C. The maximum
temperature zt any tirce was 15°C. The time consuxed by the
precipitstion wus € hours.

The lime levulzte wzs filtered on z 15 inck stone suction
filter, {(recuiring 12 hours for the filtr:ztion). The cake was
wzshed with iced line weter until the washings were colorless.
The czke (pzle yellow in color} wzs suspended in iced wester

end oxzlic wcid zdded urtil the solution wes fzintly zeid %o

fo

iitmus. The precipitated czleium oxzlote was filtered out and

the slizki excess of oxszlic :cid precipitzted from the filtrste

- with lime. After Tiltering zgein the solution wes adjusted to

"z pE of 6 -6.% with HgF0, and evcporzted in vacuo {on water

i bzth at 60°C.) to & volume of 250 cc. Tne resulting sirup con-

" tzined 90% solids {refrzctometer) but was dzrk in color znd

appeared to be czramelized. It failed to crystullize afterxr

stending (seeded) for two weeks.

)}

t. Thirty pounds of tubers were trezted as in 3ec. =.

: aboveE, cooking for the first time with 18 1. of w:ter for one

' hour, =nd tne second time with 14.1 1. of wzter for 1/2 hour.

. The corkined extr:cts, amounting to 32 1., were irested with

- 350 cc. of concentruzted ECL and kept at 30°C. for one hour.

%After codling to room temperzture the solution wzs neutrzlized

%o &z pE of 8 with limey, D00 g. of filter cell was added and

the soiution carbonated to neutrality. Filtrztion wzs zccom-

plished easily and guickly on tke 15 inch stone suctiorn filter.

e e
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The filtrzte wzs dark in color tut clezrx.

The lime levulcte wes precipitated in a 20 gallon galvan-
ized cezn =5 in Z€c. z. ztove. The juices were cooled to 59C.
by passing through a gless coil irmersed in ice wzler, tefore
teing added to the reaction mixture. Tke lime (2 lks. in 6 1.
E,0) alsoc wus cooled to £ C. before addition. In this wey it
vas found possible to keep tkbe tempersziure from 4° to 6°C.
throughout tue yrecigzit:tiorn.

It cgein recuired ztout 12 hours to filter out the lime

levuizate orn tke stone suction filter. The mixture was added
te the filter in emzll cucntities, keeping tke ezcess cooled
to 0°cC.

The lime cake, which was pale yellow gfter weshing with
iced lime water, wzs suspended in iced water znd csrbonzted
(in portions) under slight yressure in & 4 liter krlermeyer
flzsk. The CzC)g was filtered out and the filtrzte zcidified
to & pH of & with prosphoric acide.

The sirup obtzined =fter concentr:-tion in vzcuo, had.a
high ash content. It was divided into two portions. Thke first
portion was concentrzted to 85% soliids, zlcohol zdced to pre-
cipitate the .szlts end the filtrzte concentrzted to 90 - $2%
sclidse. 4After five days crystzllization took vlace, yielding

10 grzms of white levulose. The sirup sfiter bei ain con-
D 8€ing ag

centratec yielded 5 grams of :evulose, siigntly yelilow ir color.

Four hundred cc. of sirup (82% solids) remained.

Zhe second portion was trezied witn alcohol before concen-

e g 1 e v e aeme e e e v
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tration, until no more grecipitztion occurrec. Tkhe precipitate
was cozgulated by stirring znd the licuid decznted. The pre-
cipitzte, tzr like in consistency, ;roved to be zn orgznic

selt (water soluble) containing calcium. The liquid after
concentr:tion in vacuo yielded 600 cc. of sirup, 93 to 94%
solids. This sirup failed to crystzllize after stzanding
{seeded) for two months.

G. The Besiccation of Jerusalem irtichoke Tubers.

l. ZZethods of drying used.

For the drying of small samples z simbple dryer was
arranged by reslzcing tie door of an ordinury electric drying
oven with znotker door, havihg en opening zt #ie Tottom in which
a 6 inck electric fan could be placed, anc =z slit at the top
to allow for circulction. Three electric hot plates were placed
in the bottom of the oven to be used when higher temperztures
were desired thazn could be obtained with the Lezting units
alrezdy in tne oven. Screen wire tzays were usede.

The tubers were prepured for drying ty slicing on a hand
vegetuble slicer (thickness of slices zpproximetely 1/16 inch)}.
A 500 g. sazple (Mammoth French white, Vaughn's seedling) was
| dried 2t eack of =z series of temperatures. The samples are
listed uere, (Tzble IV) with temperatures znd periods of heat-
ing, and will te referreu to bty number in the arzlyticzl work

whick: follows.

e e o



Table IV
Sample Temperzture (%) Time {(hrs.)
1 55 - 6C° 4.0
2 65 - 68° 3.0
3 70 - 75° 2.5
4 75 - 8° 2.25
5 84 - 85° 1.5
6 S0 - 95° 1.25
7 100° 1.0

For the drying of lerger quantities of tubers z Proctor
and Schwartz dryer was used. The dryer contzined twelve trays
(3 ft. by 1 /2 ft.). One tray was suspended from a2 bzlance
in order thzt the moisture removed per time interval could be
determined. The incoming zir was heéated by passing over steam
coils. The results of a preliminzry test to determine the time
reguired for the drying aré recorcded in Teble V. Ounly the one
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(1/16 inch thick) in 2 mechanicel slicer and spresd out quite

thinly over tke tray.
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Table V

Time “eight Tubers Temp. %n Dryer Temp. Outlet
(Binutes) (grams) (c®) fc°)
0 760 106.5 100

S 710 109 100
10 545 10¢.5 100
15 505 110 100.5
20 410 111 101
25 350 111.5 102.5
30 290 112 103
35 270 113 103
40 250 113 10348
45 230 113 104
50 210 113 104
55 210 113.5 104.5
60 210 113.5 104.5

The results of a typical run with a full charge (approx-
imztely 1000 g. on ezch trzy) in the dryer zre given in Table
Vi. The temperzture was kept below 88°C. since considerzble

czrame lization was otserved to occur =zt tke higher temperzturese.

Table VI

Tinme veight Tubers Temps in Dryer Temp. %t Qutlet ;
(Kinutes) (grzms) (c®) (c®) :
¢ 1000 60 58

10 870 78 72

20 780 84 78

30 _ 650 88 85

40 550 85.5 83

50 470 86.5 83

60 410 86.5 83

70 360 85 80.5

800 320 82.5 78

100 290 84.5 79

110 270 84.5 7845

120 250 85.5 79.5

130 240 85 79.5

140 230 85 80

150 225 85.5 80

160 : 220 86 80

170 215 83 77
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180 210 81 75
180 210 775 73
200 210 7645 71

A dryer hLas teen designed, (Figure II) and is in the
process of construction, for the continuous drying cf lzrge
amounts of zrtichkokes.

As is ine mechanicel slicer, which feeds the sliced tubers
directly into the hopper B. J. is a slide to regulzate the
éuantity of cbips introduced into the dryer. The fremework is
mzde of angle irom, AI, znd the trough E is of galvenized iron.
D is 2 six inch metal screw conveyor, 10 ft. in lengthe.

The end view shows tne trough curved at the bottom to fit
the 8crew and a screen wire G upon which the chips rest and
througn which the not zir cen te passed.

¥ is toe exit for the dried chips znd ¥ =z slide to control
tne amount of cnips removed. The screw conveyor D can be turned
at a speed of ome revolution every three minutes, or faster, by
means of e ratchet drive and gear arrangement shown. 2t this
speed itne chips will pass through the dryer in one hour; thus
approximately two bushels of artichokes may be oried per houre.

For experimental purposes the dryer is divided into three
compartments {by slides C and C') in order that three different
temperztures may te usede The temperatures employed will have
to be determined using this particular type of dryer. However,
€xperiments on a smaller scale seem to indicate that the chips

are not harmed if sutmitted to 2 temperature as high as 125° C.
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during the first stzges of the drying, but after most of the
noisture has been removed, the temperature must not exceed
80° C. or caramelization will occur.

for lzrger instzllations three units like the one in
Figure II should be employed, arranged one zbove the other so
that the exit ¥ of the top unit would feed into the hopper B*
of the second unit, and the exit F' of the second unit into
the hopper B* of the tzird unit. The top unit would then be
rnairtzined at the higher temperature. Air couid be introduced
into the lower unit zt the desired temperature (probably 80°C),
the exit air from this unit re-heated to a higher temperature
{probztly 115° C.) 2nd introduced intc the middle unit, and
the exit air from this unit likewise re-heated to a still higher
temperature (probatly 125° C.) and introduceq into the top unite.

The uvnit (Figure II} will te inclined zt =n angle in order
that gravity may assist in moving the chips zlong tke trough
toward the exit F.

The air will be hezted by passing over stezm coils and
forced through the chips by means of a Buffalo pressure blower.

2. The effect of drying Jerusalem artichkokes on the
suger content.

The washed tubers were ground through a food chopper,

thoroughly mixed, 30 g. samples tzken and either znzlyzed
directly or dried znd tken znzlyzed. Table VII gives the

data obtained. All analyses were by Ost's cupro-carbonate
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" metnod. The percentages given (which zre average velues) are
based on the 30 g. wet sample tzken in every case. 4ihe per-
centzge moisture in the wet semple wes 77.45%.

Table VII

Effect of drying Jerusalem irtichokes on the Suger Content

H
i

Xo. Sample Fercent rercent Fercent [ERatio j
Fructose Glucose Totzl _ Frucsose !
Suger “‘ot. Sugsr ;
1 “ithout drying 11.55 2.85 14.8 0.807
2 Dried at 100° C - 1 nr. 12.04 1.96 14.03 0.858
3 Tried 2t 90°C - 1 1/¢ kr.12.12 2.43 14.55 0.833
4 Dried =t 80°C - 2 /4 hr.11.90 2.51 14.81 0.803
5 Tried at 70°C - 2 1/2 nr.12.21 .81 15.02 0.812
6 Zried zt 125° - 1/4 hr.

Se¢ The effect of drying Jerusalem srtichokes on the

cozgulztion of zltuminous matter.

The moisture and tie totzl nitrogen were determined

in tue freskh tubers and in tuters dried at 75° to 80° C. for

two bhours zné also for six Lourse.

©zmples of the fresh tubers and also the cdried tubers were

extrzcted with 100 cc. of Lot water, using an extractor similar

to the one described bty Gardner and Kerone (177), and the total

nitrogen determined in the extracted pulpe.

In some cases the

i

cozgulable nitrogen (as precipitated by the -Stutzsr-Barnstein (178)§

method) was determined in the extrzct and in other cases the

177. Gardner and Kerone, J. Chem. Education, 7:593{1930)
178. Barnstein, Landu. Vers. Stat., 54:327(1500), Chem.
Zentr., I11:1037(1500)

i
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total nitrogen in the extract wzs determinec.

£11 nitrogen determinations were made by the Xjeldzhl
me thod.

The results are summerized in Teble VIII. The numbers
in parenthesis are percent albumins (N x 6.25). All per-
centages are based on the originzl wéight of the sample.

Table VIII

Ko. OSearple Percent Percent ¥ Texrcert X Percent  Tercent

lioisture wet basis dry bzsis totzl X total E
in extr. in ex-

pulp trzct
1 Presh tubers 80.4 6.403 2.06
(z.52) (12.88}
z Dried T75-80 .
for two nours 6.69 1.824 1.95
(11.4) (12.19)
3 Extracted pulp 0612 0.612
from fresa {0.75) (3.83) 29.73
tubers
4 Coagulable al- . 0.138 0.704
bumins in ex- (c.863) 4.4) 34416
pract irom fresh
Tuters
5 Extracted pulp 0.639 0.684
from samgle dried (3.99) (2.28) 35.11
at 75-80°C - 2 urs.
6 Coagulakle 21~
turmins in extrzct Q.651 0687
from sample dried (4.07) (4.36) 35.76
at 75-800C. -« 2 Lxrs.
7 Lried at 75-800C 1.S0 1.99
for 6 Lrs. 4.57 (11.88) (12.44)

8 Ixtrzcted pulp
from sample dried C.666 0.6¢7
at 75-80°C 6 hrs. (4.16) (4.386) 35.02



- 83 -~
Tzble VIII (con't.)
9 Cozgulable al-

bumins in extrzct 0.597 0.625 31.40
from sample dried {3.73) {3.91)

at 75-80°C. for '

€ hours

10 Totzl extract
from z szmple l.184 1.240 €2ecl
driec at 75- {7.40} (7.75)
80%C for 6 nrse.

11 Totzl extrzct
Irom fresn

tuters | 0.283 1.443  70.04
(1.7€1) (9.01g)

4« Tne effect of drying Jerusalem artichokes on the
ease of ciffusion.

a. Twenty grem samples of sliced fresn tubers

(77% £.0) were placeé in a series of eight 150 cc. teakers. ZFif-

Ly cce. of Lot (80-859C.) distiiled water was zdded to the
first samyle, tie bezker plzced in a2 water bzth (85-90°C.) and
keated for 10 minutes. The extract from this beaker was then
poured into the bezker contzining tne second sample, 5C cc. of
fresh wzter added and Yvotn samples were heated for ten minutes,
etc.y thus ottzining the effect of 2 diffusion bzttery on a
small scale. Samples were tzken from ezch tezker at the end
of every 10 minute period and the refrzctive index observed
as a mezsure of the total solids extrzcted. The observations
axre recorced in Table IX. The readings were all tzken at 140C.
-2t which temperzture the distilled water used had z refractive

index of 1.3336.

gy ete e wetinn mien
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Tzble IX
The Refrzctive Indices of tue Extrzctis from tne IZiffusion of

Fresh Artichoke Tubers

Sample XNo. 1 2 3 4 5] S i 8
Xo. of times g
extracted j
|
1 1e336521e3380:143448214349921.3512:1.38403143558031.3588 |
2 1e338021.3410:10343021434592:1e3491:1e0518:3143061213570
3 1e3349:1e3389:1e3400:143420:14346035145495:22.5570:1.5575
4 1e335021e3366:163371316341021e3429216343931.3530 :
5. 1.3350:1.3345:1.33568:1433574:1.3390:1.5461 ;
6 1e334131e3300:16336081e3569215405 !
7 1e33402163341:163350:143365 |
8 1e3335:163338:1+3345 ;
9 (178) =wee==31.3332 - §
10 1.3331 , i

be The same procedure as in Sece. 2. above was applied
to samples of dried zrtichoke tubers. Thée samples USEd WeTre i

from Xo. 4 (see Teble IV)e Tne moisture contenti of tnese canips

wzs found to be 6.69%. Thnerefore, 7.1 g£o. samples were taken
(the dry weight thus being the same zs in the 20 g. samples
of 2.);. In order thct the resuits might te comparztle with
those of Tztle IX, 15 cc. of water was added to each of tke
eignt sazpies before tne diffusion was stzrted. (This was
approximately tne difference in moisture content of the fresh

and dried samples.) Otherwise the procedure wzs the same ex-

cept that tne refrzctive index rezdings were taken zt 28°C.

(Ho0 = 1.3320). The results are recorded in Tatle X.

smptied und the pulp from

178. The extract from Xo. 8 wzs
s added to the series as Koe. 8
tc.

Xo. 1. £ pew sample wa
and koe 2 became Xo. 1, €
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Table X
The Refrzctive Indices of the Extrzcts from trhe Diffusion of

Dried Artichoxe Tulers

Samzcle XNo. 1 2 3 4 5] 6 7 8
No. of times : : : H : : H
Extracted : : : H : : :

1 1.3541221.350021.3880321,363281.36€121.37C0251.3730:1.3760

2 1¢3372:1.3408314347C21.356021.3642:1.37C0:1.3756

3 143330:51e3365:1e3420:13546381.3540:1,3613

4 1.333031.3341:1.338€21.3420:1.3471

5 1e3328:1e333231e3361:1.3390

5] 1.,3320:1,332931.3380

7 1.3320:21.3%28

8 1.3320

Ce An attempt was made to find the mazximum possible
density to wrick the juices couid te tuilt up by the Giffusion
of dried ertichoke tukers. Seven gram samples {(from Fo. 4,

Tatle IV) were placed in a series of 180 cce. beskers as in Sec.
2., 90 cc. of not distillied water was added to sample Yo« 1,

zrd the miiture pested on 2 water bath (85-909C.) for 10 minutes.
Tr.e refractive index of the extract was observed, the extract
was usoured into tezker contzining sample ¥Xo. 2,50 cc. of fresh
water zdded to tezker No. 1 and totk samples heated for 10 min-

utes. The refractive index of the extrsct in besker Xo. 2 was

- then observed. (Reading 2 2. below) Tke second extract from

beaker Ko. 1 was then poured into bezker Xo. 2, 30 cce of fresh.
wzter added to beaker Xo. 1, toth beckers were rlzce€ in water
tath for 10 minutes. The refractive index of the extrzct in
teaker 2o. 2 was again observed. (Rezding Zt. velow! Inen the
extrzct from tezker No. 2 was poured into bezker Xo. 3 contain-

ing a fresh sample, the extrzsci Irom Xo0. 1 poured into Fo. 2,

e o St g Lo s e~ e

o e e e
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and fresh water added to Xo. i. This process was repeated
until 17 semples had teern a2dded to the seriess The refractive
incex wazs determired in eack case only on the extract in the
last tezker of the seriesy two reszdings teing made: rezding
a. atter toe first portiocnm from thée preceding teaker nad teen
added znd rescing L. alier ine second poriion from tue rreced-
ing tesXer hzd teen added.

The refrzctive indices {at 28°C.) observed were zs follows:
1} = 1.3390: 2} = a. 1.3435, b. 1434003 3] = ==vcec=ild) = ecmaee:
53 = z. 1.3570, te =temeew- : 6} - a. 1.3610, b. 1.3530:
7) - &. 1.3760% Y. 1.3G20% 8} = @. 1.3750, b. 1.3640: 8} ~ z.

103850, b. 1037733 10)" de Wmwemmame, t»‘. 105970: ll) -2 104020’

te 1439103 12) = @e 1.4030, b. 1.3930: 13) - 8¢ 1.4070, To Lmewm=:

14) - Ze :-04130’ bo 104080: 15} - Re 104210, b. - 16) - Se
1.4040, te Lmmme-- $ 17) - 2. 1.4290.
The szmple in tezker Xo. 1 was completely exhausted after

tne fourthn extrzction. The refractive index of the last extract

(¥o. 17. a. 1.4290) corresronds to 55% total solids in the solution.

é. By using a serieg of 12 (15C cc.] tezkers zas a
diffusion battery continuously for =z period of time, and obsery-
ing the refrzctive index of the effluent the following vzlues

were found (7 g. samples { from No. 4, Tatle IV ]} were used in

each bezker): L) = 1.3550: 2) = 1.3540: 3) - 1.3530: &) =1.3540:

5) = 1.35303 6) = 1.3490: 7) = 1.3490: 8} - 1.3530: 9} - 1.3490:
10) - 1.3500.

ld



- 87 -
The refractive index of 1.3500 corresponds to 15.25%

of totzl solids. |

€. <fifteen Gooch funnels were connected toge ther
in scries by u:zing drilled rubter stoppers in tke mouth of
ecCu. 3Jeven gram samples (from Yo. 4, Tzlbe IV) were rnlzced
in ezch funnel, Lot distilled water (heated by pessing through
a coil ylizced in a weter bath at 90° C.} was forced through
‘the“serigs zna tue refrzciive index of the effl.esnt otserved.
"hen a new sample was added as Ice 15, Fo. 1 was emptied, and
koe 2 teczme 0. 1, €tCe.y, thus cperating a=s z diffusion bat~
tery. -=nougk weler wes zllowed to run until the ﬁew semple
was covered {Xo. 15), then turned off for two minutes, zard
&llowed to stand, then zgezin turned on until tke extract from
¥o. 15 was repiaced. The refractive indices otserved ( at 28°C)
WETE 2S follows; 1) = 1.3490: 2) = 1.3510: 3) - 1.3500:
4j = 1.3495: 5) - 1.3500: 6) - 1.3515: 7) ~ 1.35003 8) - 1.3490.

f. An experimental diffusion battery (Fig. III} kas
been désigned and constructed, capeatle oI extrzciing re:sonably
large cuantities of chips. Zight cells, or more if desired,
similaur to the oue ilillustrated are connected in series, and in
order to extract witn a hot solvent all the cells are immersed
in & tank of kot water, heated by 2 steam coii. ZXach cell is
135 inckes high, & inches inside aiszmeter, and constructed of
gzalvanized iron. The cells are comnected together by means of
pressure tubing.

5. The levulose total sugar rztic in dried Jerusalem

e ————r—aT —amaie o e
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artichokxes zfier storage.

2. A szmpie (Xo. 3, see Table IV) of dried czips
%zs znalyzed for ievulose and total sugzr by Ost's copper
czrtonate metood =t the time of drying. The vzlues found were:
moisture - 6.1%, levulase - 34.51%, glucose - 7.85%, total
sugar - 42.36%, retio levulose-totzl sugar 0.814.

Tre sample wzs kept in a stoppered tottle for 5 months :and
thie znzlysis repected. The vzlues found were: moisture -
6.21%, levulose - 34.35%, glucose ~ 8.03%, total suger - 42.38%,
ratio levulose-totzl sugzr -~ C.810.

6. Tne effect of ¢rying Jeruszlerm artichoke tuters
on the solubility of undesirztle constituents.

2. The total extractzble solids znd zsh (sulfzted)
were determined on s sample of fresh artichoke tuters. The ex-
tréction w2s made as in G 3. above. The vzlues found were:
Totzl soliids 13.85%, Ash 1.13%.

Thne determinstion was repeated on the same sample zfter
drying at 75 - 80°C. for 4 hours. Iercentzges given are based
on the originzl wet sample weight. Total solids = 13.05%,
ish 1,045

BE. 7The Frepsration of Levulose Sirups from Dried Jerusslem

o —

Artichoke Chips by Zirect Metrod
200 g. of dried artichoke chips (these chirs were cdried
efter naving teen in storsge for 4 months) were treated with

ore iiter of distilled wzter, toiled for 30 minutes, and juices

o e € A 8 P Samnp =  teoim e e o= e
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expressed in a hznd presse The pulp was trezted agzin with

700 cc. of wzter and heazted for thirty minutes. The extracts
were combined (2.1), 30 g. of Norite, and 20 cc. of 23.6 X,
K550, added and the mix'ure xept zt 60 - 80°C. for 1 hour. The
solution was filtered throuugh 2 6 inch Buchner funnel (filtered
in 4 minutes.). The filtrate wes zlmost wzter clear. Twenty
ge of Norite was added znd the sol%;ion wzs made fzintly alka-
line to litmus with slzked lime. This rixture wzs stirred for
10 minutes, (the temperzture never exceeding 45°C.), then fil-
tered turougn a Buchner funnel (filtered in 10 minutes). The
filtrzte, wuich wazs water clear, was immediately made slightly

acid to litmus witk I'pS0, znc zllowed to starnd over night. The

preciyitated salts were filtered off and tke solution concentrated?

in vacuo (30 mm. pressure) on = water beth =t 609C. As the con-
centration progressed salts were found to preciritzte %bd it was
necessary tq/stop the distillctior ana fiiter tefore continuing
the cqncent;ation, One hundred and ten g. of sirup (92% solids
by refrac%ometeri wes ottzined. The sirup was iigkt trown in
color, znd élthough quite sweet, it possed tne crzrzcteristic
szline tasfe noticed In the sirups mede previously from fresh
Chipse

The sirup wzc znalyzed for ash and sugers rresent. The
following datz were obtzined: ABh - 5.14%, levulose - 50.23%,
glucose - 29.82%.

I. The Preparation of Levulose Sirup from Dried Jerusalem

srtichoke Chips oy the Lime Precipitstion Kethod.

e e et ety At i £ =
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Two hundred ge of dried artichoke chips were extracted
as in Sec. H. Twenty g. of filter cell was added znd the ex-
tract limed to a pH of 7.0 - 7.5 at & temperzture of 40 -~ 450C,
After stirring for 5 minutes, the soiution was again filtered
on the Buchner funnel (time 15 minutes). The clarification
was very successful, the filtrate teing pzle yellow in color.
The filtrzte was guickly cooled to z temperzture of 0°C. by
plzcing it in & tecker packed in an ice-szlt mixture.

3ixty ge of lirme wzs siszked, mzde up to a volume of 200 cc.
and cooled to 0°C. The lime paste was poured slowly, with stir-
ring, into the clecritiec filtrote. The rzte of zddition of the
lime paste wzs governed by the temperzture of the mixture. At
ro tiﬁe wes the temperzture allowed to exceed 5%.. Atout 10
minutes was required for‘the yrecipitetion. The séﬁrring We S
wzs continued™or 10 minutes, then the gyrecigitzted lime
levulzte sepcruted by mezns of = centrifuge, and washed with
iced lime wzter until ithe wasibings were free from color. The
Cake wzs white.

The cake ¥zS czrtonzted and thn€e sirup conceﬁtrated as in
Sec. F. 1, 52 g. of light colored sirup (refrzctive index
1.5130 = 90% soliids) wzs obtzinec. The sirup crysteliized in
24 hours without beeing seceded, jielcing 8 g. of white levulose

crystzlse.

Je Sosking Fresh Jeruszlem Artichoke Chips in ¥Wgter Before Use.
l. Effect of sozking chips on the levulose-glucose ratio.

2. The fresh tubers were sliced and 30 ge. samples
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weighed. The levulose znd glucose were determined in the

fresk chips. Other samples were allowed to sosk in 100 cc.

of wzter for varying lengins of time znd =zt different tempera-
tures, and tne sugars determined btoth in the extract and in the
chipse The resulits sre recorded in Table XI.

» In another experiment 500 g. of fresh siiced tubers were
soaked in 1000 cc. of distilled water at 10 - 15°C. for 1 1/2
hours. Upon analysis 4.4 g. of levulose and 2.79 g. of glucose
were found in the extract, while 18.39 g. of levulose and 10.62
&+ 0f glucose remzined in the chips.

2. The removzl of salts from fresh artichoke chips by
soaking in water.

2. 30 g. samples of the fresu sliced tuters {tzken
from storage in July) were allowed to soak with 100 cc. of dis-
tilled water for 24 hours, and for 48 nours at 8°C. The ex-
tract was poured off into a 200 cc. volumetric flask, the chips
washed witni. tohree 20 cc. portions of distilled water, tne wash-
ings added to the extract and the solution made up to volume.
50 cc. aliguots of tiis solution were taken for the ash deter-
nination. The specific conductance of the solution was also
determined., -

The total extractable ash (see Sec. G. 6) was alsc deter-
mined, the aliquots tzken being the same as for the ztove
determinztions. The results zre recorded in Table XIil. The
percentzzss given are sulphated ask on the basis pf the wet

sample taken.



Table XI

Effect of Soaking Jerusalem Artichoke Tubers on the Sugur Content

Tre: tment Levulose Levulose Total Glucose Glucose Total Yotal
in extract in chips levu- in extract in ochips Gluc. Sugars
— lose . _

Fresh tubers ’

(Untreated 10.14 4,33 14.47

Chips soaked 1

hour at 29°C. 1.27 T.1%7 8.44 0.984 4,04 H.024 13.46

Chips soaked 2

hours at 29°C0 l.87 5.0 6.90 l.4 4,28 6.68 13.68

Chips soaked 24

hours at 24.28°C, 2.9 4,62 7.62 1.73 3.52 5,26 12.77

(slightly fermented)

Chips soaked 48

hours at 8°C. l.61 8439 10.00 l.34 5418 4,62 14,62
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Table ZII
The Removzl of Selts from Tubers by Soaking

Fercentage Specific Conduciznce

Total Zxtractzble Ash 1.15 2.167 x 10_3

1.11 2.125 x 103
Total Extractable Ash 1.05 1.940 x 1073
(From dried chips for 1.034 1.842 x 1073
coumparison)
Ash Extracted in 24 hours $.212 4.682 x 10”4
at 8° C. 0.184 4,385 x 1074
Ash Extrzcted in 48 nours 0.1l€8 4.139 x 1074
=t 8°C. 0.221 4,878 x 1074

X. The Preparztion of Levulose Sirup from Fresk Jeruszlem

Artichokes zfter Sozking the Sliced Tubers.

625 g. of sliced tubers were tlaced in a2 2 l. beaker,
covered with 13500 cc. of distilled waler and zllowed to soak
at a temperature of 8°C. for 48 nours. The extrzct was then
poured off, 1500 cc. of fresh wuier added znd the chips allowed
toc soak szain for 72 hours at 8°C. The extrzct was discarded
and sirup made from the chips exactly as in E. (The clar-
ification was quite easily acconplished beczuse mucn of the
color was cdiscarded with the cold extract. The sirup before
concentration was water clear.) .

60 g. of 2 golden sirup was obtained (80% solids) having
a fairly agreeable taste but still slightly bitter. The sirup
was of muck better taste and appezrzrce than any vreviously
made without usinz the lime precipitation metcode.

Upon anzlysis the sirup was found to be 45.61% levulose,
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22.61% glucose, and 3.2% ash.

Le Anzlysis of Commercizl Ievulose

Two brands of levnlose were obtained and anzlyzeé by
Ost's copper carbonate method.

The first brand, labeled "Levulose for Disbetics", was
found to be 83.98% levulose znd 18.19% "glucose'.

The second brznd, labeled *Levulose", was found to te
87.61% levulose and 12.11% glucose.
¥+ Digbetic Tolerznce for Levulose

A medical doctor (179) who was afflicted with = light

&

case of diabetes volunteered to test his tolerance ito levulose.
The following quotztions are extrazcts from private correspondence
with the coctore.

“*Being z diabetic myself, {z mild case), I became inter-
ested in your work. I found my condiiion about 1& months ego.
‘I have never used insulin, and can linit the output of sugar
pretty well by diet, though any indiscretion will czuse it to
re-appéar, and am having some trouble in keeping my weight and
strengtn up on the limited diet necessary. Can I be of any
assistance to you as a trial patient? I nave practiced medicine
for 48 years, and am aged 76 years. Ky general health is good,
and also my strength."

The doctor was furnished with sowme levulose {the second

17%. The writer wisnes tc thank Dre F. S. Smith . D. of
Nevada, Iowzy, for making this test.
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brzndé arnelysis reported in Sec. L). He reported later as
folilows:

*I had teen living on a restricted diet, very little carbo-
hydraté. KXo potztoes, stzrck, white bread or suger, znd could
keep myself free from sugzr in the urine most of the time. I
used vhole whezt bread, grzhzm crzckers, Posti’s Bran, all the
milk products, nezt, fzts, fish, e€ggs, znd founc I could utilize
about o tezspoonful of suger twice z daye.

I nad found this to te my linit (renal threskold) for pure

0

czrbohydrates. Of course, trere is soie czrbuohydrzte in ihe
diet given atove.

with the use of levulose in the szme zmount or over added
I could keer sugar free, snd would geir in weight. I feit

stropger znc rore "peppi".

)
<

I wr couvinced that with plenty of levulose I could build
ug oy weight, strength, znd €ndurznce.

I eould ;rotstly do the same with plenty of other czrbo-
kycrztes znd use of insuiin. I 6o not wisz ever to te otliged
Lo use thne deaily injections of insulin.

I telieve tnzt if levulosze could te procduced zt a grice

we could zfford, it would te a2 boon to the zdult diztretic.”

e b e ay A o e
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TISCUS3IOR

ilzny anzlyses of Jerusalem articrokes have beer reported
in tne literazture. The results very warkedly witkh tne variety
grown, witec the soil zrnd climete, witz tie length of growing
period, sznd with the period of storage tefore znzlysis. The
impqrtan; consicerztion from the stendpoint of tue isolstion
of levulose Is the levulose-itotel sugzr ratio. czckson, Silséee,
and Zroffitt (180} found this ratio to te from 0.6%5 to 0.870
in a lerge series of anzlysese <they nade no rention of the
varieties usecd, giving only tke date of znalysis. 7They appar-
ently found no spprreciztle decrease in total sugars or in the
levulose~totzl sugar ratio in tubers left in storage cover the
winter until June 10.

Skoemaker (181) reported levulose-totzal sugar ratios
rznging from C.746 to 0.926, without giving scecifically the
varieties analyzed.

Trzut, Thor, Willaman, =nd Oliver {182) made an extensive
study of the storage of ariichokes and found that from the time
of mzturity in the fz2ll up to the end of January tuere is a
consistent aecrease in the fructose-glucose rztio, znd the
fructose~total water soluble cerbohydrzte ratio under =zl1l1l con-

ditions studied. They concluded that from the standpoint of

180. Jzckson, Silsbee, Proffitt loc. cit., (Reference 8)

181. Bhoemaker, loc. cit., (Reference 11)

182. Traub, Thor, Willamsn, Oliver, loc. cit., (Refer-
ence 168)
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fructose mznufacture, hervesting, and use scouid tzke place
neaxr the time of maturity in Kovember urder Linnesots con-
éditionse.

Traub, Tjor, Zeleny, and Willamar (183) found much lower
levulose~total sugar ratios, ranging from 0.165 to 0.69. They
reported that the Yammotk French ¥hite variety raunks righest,
followed by U. Se. D. Ae., Fortland, znd tke purpie variety.
This is of interest because the data of Tatle IIX (ssc. L)
were obtained using tubers grown from seedlings cbizined from
these writers (Kinresota) and it will be noticed theat of the
varieties aztove mentioned, the jurple variety ranks nigLest,
followed by the Nammoth French Write znd the Te S. Do ie
seedling. A4lso the ratios and the total suger conternt are
much higher than found b; the ztcve writefs.

The present data is in accord with tke ctservetions of
Trzub, Thor, Willaman, and Oliver {182) that the levulose-
total sugar ratio decreases wzen the tubers are alilowed to
remain in storzgee.

Chicory seems t0 be favored by some writers (182) as a

source of levulose. 1Iis chief zdvantage lies in the fact that

inulin can be obtzined in reasonably pure form and converted
directly into levulose, thus avoiding the troublesome lime

levulate precipitation. While the single experiment reported

183. Traut, Tnor, zeleny, and Wiilaman, loc. cit.,
(Reference 172)

Pr——— e e w s e =
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(Sece C. 1) gave & poor yield of inulin, it is probable that
with & more refined technique the yield could be improved.
From an zgriculturzl standpoint chicory is less desirable
than the Jerusalem artichoke.

The attempt to obtezin inulin from the Jerusalem zrtichoke
(Sec. C. 2 a) was made in order to see if this wild variety
: contzined the seme rztio of inulin to levulins as had been re-
| ported for other verieties. The result substzntiates the
earlier work of Tanret (184) and Willaman (185), thzt it is
3 imprecticztle to obtzin inulin from this source.
Since z specific “"inulo-cozgulase™ has teen réported {186)
? to te present in the peelings of the dazhlia and chicory tubers,
; it was interesting to determine if this enzyme is present in
- the Jerusalem artichoke. (Sec. C 2 t). It is evidently eithner
’ absent, or there is insufficient inulin present in the arti-
§ choke juices to be cozgulated.

The absence of tris enzyme in the Jerusalem artichoke may

' account for the low ratio of inulin to the nore soluble levulins.

The enzyme may be of importance in the isolation of inulin
from tue daklia or cuicory juices, since this coagulation would
" be more simyple than the usual concentration or precipitation

ty zlcokole At the time of this writing dzhlia and chicory

184. Tanret, loc. cit., (Seference 118)
185. Willaman, loc. cit., (Referende 141)
186. Wolff, loc. cit., (Reference 130)

i
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tuters were not avzilatle for z trizl experiment.

The experiments in Zec. D. illiustrate the impossitility
of ottzining an edit_e sirup directly by extrzction znd clar-
ification of the Jjuices from the Jerusslem artichoke.

One of thue difficulties observed during the prepzrztion
of the sirups wes thzt during the concentrztion CaSf, contin-
ually precipitated and it was necessary to filter intermittently.
If the conversion could be accomplished bty means of some vola-
tile acid tnis difficulty would te overcome since the neutral-
ization by lime would be unnecessary, and therefore, no salts
formed. %ith tzis in view, an attempt was made (Sec. E) to
convert inulin with CO,. Schering (187) Las obtained = patent
for the use of COp in the conversion of inulime.

Fractical temperztures ené pressures were used znd reason-
etle time zllowed for conversion to zt least start, dbut no con-
version wihztever occurred. This result was to te expected in
view of the fact that Jackson, Silsbee, and Proffitt {180) found
inulin to be more then tuirteen times as resistant to hydro-
lytic action as czne sugar.

It seemed unnecessary to try higher pressures than 200
pounds since Xoore {(188) has shown that COp solutions reach a
minimum and constznt pH of 3.2 -~ 3.3 2t 9.5 atmospheres of

pressure.

187. Schering, 1ioc. cit., (Reference 155}
188. xoore, "Solution Studies on Carbon Dioxide", (1928)
(Unpub.ished thesis. Copy on file Iowa State Coi-

= - .‘.{-f"‘
L€ 2T,



- 101 -

The only successful method known at present for obtaining
pure levulose from Jjerusalem artichokes is by use of the lime
precipitation process of Dubrunfaut (190). The Bureszu of
Standzrds (181) method of making the precipitation was found
to be éuite satisfzctory on smzll scale preparztions, (Sec. ¥ 1),
but VETY tedious znd time consuming if applied to larger quan-
tities of materials (Sec. F. 2 a; and 2 b).
- The necessity for the immedizte utilization of suger beeis
has 1png bteen a handicap to the beet sugar industry. Si0Tage
of the beets being impractical or entirely unsuccessful, the
most nzturzl solution to the problem would be to dry the beets.
The tendency, however, has teen to build the factories suffici-
ently large to dispose of the enrntire crop of beets in season
(usually ztout three months) and close down for the remainder
of the y?ar. This nzturzlly czused the investment of large
sums of money wkich would have been unnecessary if the nature
of the crop was such that it could be used by a2 much smaller
plant running throughout the year. Only within recent years
has the successful znd grofitzble desiceation of sugar teets
been zccomplished. Trhe protlem with its history znd solution
is discussed by Owen (191).

The advantages claimed for the drying processes are: 1.

$he juices obtained are purer and much more concentrated than

190. Dutrrunfaut, loc. cit., (Reference 100)
191. Owen, ®"Desiccztion of Sugar Beet”, His Egjesty's
Stationery Office, London, (1927).
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those obtaired from the fresh beet. 2. The zrocess of sugar
manufzcture is materially shortenede 3. It zllows smzller
plents to run the entire year. 4. It reduces shipping costs.
(Iocal drying stutions remove both dirt zné water.)

Tris same probliem is a nztursel fore-runner of the levulose
industry. Only one reference has been found in the Literature
on the drying of Jerusalem artichokes, anc that one azppeared
since the present work wes carried oute. Xichols {192) described !
conditions for the drying of artichokes evidently for the
purpose of using them as foode.

The drying of sugzar beets is compliczted by the fact that
inversion is liatle to occur during the zrocess. This difficulty
is rot encountiered in the drying of artichokes since conversion
rust take clace before levulose can b€ preparede. : !

Jerusazlem artichokes can te dried without haﬁming tke
czrbobydrates present {(Sec. G. 2) provided tkzt the finzl temp-
erature coes not exceed 80°C. The chips should be wnite when
drye. If they axe caramelized the totzl sugzar is found ty anal-
ysis to have decrezsed, btut the levulose to have remazined un-
chznged. Carzmelized chips, however, give extracts wiich are
more difficultly clsrified. The tempersture during the first
stages of drying may be as high as 125°C. without injuring
the c:iips.

The drying of Jerusalem artichokes coaguiates the zlbumin-

162 Xichols, Fruit Procucts, J. aznd Am. Vineger Ind.,
9:71(1929), Chem. Alstr., 2£4:440(1930)
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ous matter (Sec. G. 3) znd czuses an increzse of zbout 5%
of tne total sibuminoids to be retcined by the pulp upon ex~
traction. The drying also renders the soluble albuminous
matter wore easily coszguldsble, and thus simplifies clarificz-
tion of the extract. Prolonged hecting (after dryinglat 75-
80°C does not increase the amount of coagulation.

The drying of artichokes breuks down the cell structure
and mekes diffusion more e€zsily accomplished. The maximum
ottzinzble concentrztion in tie extrzction of fresh tubers is
about 17.5% solids, while with dried tubers an extrzct of
zbout 55% solids was obtzined (Sec. G 4).

Owen (191) staves tnat "from a superficial exsminztion
of the dried product (beet) and the juice.extracted toere-
from, it seems probable that the heat conditions during drying
reve an effect in rendering insocluble otherwise soluble pectic
matters. This appears to have = direct result in ovroducing
2 much more e€asily filterable snd purer juice.”

A determination of the totzl extractable solids (Sec. G.
6) from toth the fresh and dried artichoke tuters fzils to
account for any apprecizble amounts of pectic matters having
been rendered insolutle.

The levulose-total sugar ratio remgins unchanged in dried
Jerusalem artichokes when stored for 5 months (Sec. G. S5j.

While the salt content of tue dried chips mazkes the rro-
auction of editble sirup by direct extraction impossible (Sec.

H.) the clarificztion for the lime levulate precipitztion is
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more easily accomplished than from fresk tubers, zrd the
sirup ottained (Sec. I.) is sufficiently pure to crystallize
in 24 Ttourse.

The lime levulate is easily precipitated by simply add-
ing the cooled (0°C) slaked lime to the cooled (09C) juices,
with stirringe. While the resulting precipitzte would undoubted-
ly be difficult to filter, it is easily separated by peans of
e centrifuge. Centrifuging has the added advantzge that it
keeps the lime levulate cold and prevents decompdsition of the
SUgzT

A pzxrtl of the szlts mey be removed from fresk Jeruszlem
artichokes by socaking in water (Sec. J.)e This process also
TEDOVES some ievulose znd glucose, zlmost in equal amountse.
This would indicate that the glucose is §resent perhzps, in
the form of sucrose. If this is the cgse it is conceivatle
thzt bty sozking for the iroper time ancd zt the optimum temp-
erature, encugh of the glucose mighkt te removed to zllow the
levalose obtained by c irect extraciion to crystallize. OF
CoUrseE, so@e levulose would be lost with the zlucose, but it
could be recovered ty the lime precipitation process, or voth
the glucose and levulose might be Termented. It was impossibie
to determine the optimum conditions for i{he zbtove process
because the only available tubters had been ir storzge for 8
months and the levulose-glucose ratio hzd decreased to such an

extent that the results would be of no vzlue.
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The data obizined, rowever, indiczte that the sozaking
would heve to teke place at 2 low tenperzture since levulose
is zprarently converted to glucose {Tzble XI), probebly by
enzyze action, zt room temperztures. It waoula be of bio-
logical interest to know if tnis is z true conversion of
levulose to glucose or simply &z conversion of levulose to
other recucing subtstunces. The znzlytical procedure used
designated zll reducing substunces, except levulose, zs
& lUuCosE" o
atlie ZII gives enougk date thet curves may te rplotted
in order thot tze zsz content of juices over limited renges
may be cdelerxzined by the conductivity method, provicded thet
the Jjuices are prepared in tne menner descridbed (Sec. J. 2)

These datz will be valuable wher the study is continued
using fresnly dug Jeruszlem articnokes. The conductivity
wethod is very convenient and has been applied to beet sugar
and beet juices by Lenge (193) and Zunden {(194), znd to cane
products bty Zerban (195).

Sirup prepzred by direct extraction of pre~sozked fresh

artickokes {Sec. K.) is of superior quality to any previously

prepared by cdirect methods.

193. Lange, Zeit. Ver. deute. Zuckerind., 60:355(1510}

194. Lunden, itid., 75:763(1925)

195. <erban, "Facts abtout Sugar®, 21:278(1%26},
ivid., 21:1158, 1162{1926), ibide., 22:990
(1o27).
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Since so many contradictory reports are found in the
literature (see Eistorical FPart) relztive to the disztetic
tolerance for levulose an opportunity to have 2 medical
doctor {z diztetic himself) give it 2 test was welcomed.
(Sece ¥}

The probztle ressorn for tre contrzdictions in the lit-
erature is toe fact thzt many of the tests were made witk
levulose of unknown cuality (a2t lezst the report, in many
cases, fzils to state the cuzlity!. The znzlysis of levu-
lose frox two sources indicates thet if commercial brends are
accevted, without znalysis, variztions ir results zre to be
€eXDECtede.

In many of the tests rerorted excessive azmounts of leve
ulose were ingested. The present csse i$ of irterest ir
snhowing the effect of levulose ir =zmounts that would normzlly

te usede.

gy e s e
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SUNXARY

Arnalyticzal dztz of value in the commercial utilizatiorn
of Jeruszlem artichokes have been determirned.

The optimum conditions for the drying of Jerusalem
artichokes have been determined, and many advantages of dry-
ing the ertichokes tefore the isclztion of lievulose kave been
provene.

The vrocess for the preperation of crystaliine levulose

from tne dried Jerusalem artichoke ckips has been presented.

A preliminary investigation of the possitility of removing.

the undesirzble sugars and salts from Jerusalem artichokes by

dialiysis hzs been made.
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