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THE CONSTITUTION OF A NEV FRUCTOSAN 
ISOLATED FRO:I YUCCA LÌOHAVENSIS, SARG. 

I PURPOSE 

This work was undertaken as an outgrowth of a 

7h. D. thesis done by Dr. Benjamin Stark ( 24 ) on the 

plant Yucca rnohavensis, Sarg. In his thesis he was raainly 

concerned with the saponin content of this plant. He gave 

in his work the approximate analysis of the plant, and the 

/ references to work already clone on the yuccas. 

In his analysis he observed that the reducing sugar 

content of an aqueous extract of the stem was about 4 

(based on dry weipht), and after acid hydrolysis or enzy- 

rntc hydrolysis, the reducing sugar content increased 

to some 45%. FIe ascribed this increase to be due to su- 

crose. 

Preliminary experiments carried out by the writer 

proved this not to be the case, but thn.t the increase in 

reducing sugars on acid hydrolysis was due to the presence 

of a polyfructosan which--like sucrose--showed no reducing 

properties. A literature survey showed that many compourds 

of this general type occurod widely spread in nature-- 

several having already been characterized. Inulin is the 
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best known example of such a compound, and corresponds 

to starch which is built up of glucose units. 

It was thought to be worth while to ectend this 

study, and to characterize this compound as fully as 

possible. 

A short report of the existance of this compound, 

along with sorne of its pronerties, has been published in 

the J. Am. Cham. Soc. ( 5 ). 



II ÏNTRODUCTION 

The fructosaria, also knowr as levulosnris, anhydro- 

fructoses, poly-fructosans, fructose anhydrides, and 

1evns, hnve been knovm since the middle of the nineteenth 

century. They aro compounds formed from tìe polymerize- 

tions of fructose, and are composed of from 2 to ;3 units 

of fructose. Their carbon and hydrogen analysis agree 

with the general formula (06H1005)x, and are therefore 

comtlete aihydricles. That is, every molecule of fructose 

present has lost one molecule of water in the condensa- 

tion. As mentioned, inulin is the best known example of 

such a compound. Haworth and coworkers (6,10) have 

shown this compound to be a polymerizod anhydro fructo- 

furanose, the linkages being at positions i and 2 of the 

fructose chain. See Figure 1. 

--o_c--------o H2C-_o 1i2Ç-._.0, 

H0çH-1 
HOÇH HOCH I 

ç 

iIÇOH 1190ff ii0H 
I 

nç-o nc-o nc-o 
H2COII H2OOH 

Figure 1 



Pasteur (13) is possibly the first worker to 

isolate and analyze one of these substances. He isolated 

it from a carbohydrate culture of a slime producing bacteria 

and assigned to it the formula C12H2UO1O. 

The presence of these compounds is not confined to 

any one grouì. ofplants. The fructosans have been reported 

to occur in cereals, bulbs, grains, leaves, fruits, treos 

and grasses. They have also been produced by enzymatic 

synthesis (2,9,25). 

These compounds are thought to serve as food mat- 

erial for the plant. Colin and Belval (3) while investi- 

gating the changes occurin, in the stem of the whet plant, 

observed that after the plant had formed spikes, that the 

stem contained an alcohol insoluble substance which on acid 

hydrolysis yielded fructosa. Immature wheat grains con- 

tamed 6% fructosan and an equal amount of starch. As the 

grain approaches maturity, the starch content increases to 

5U-6U, and the fructose content drops to about U.4. This 

is in agreement with the findings of other workers. Schlu- 

bach and Koenig (2 0) found the fructosan "Graminiri" in the 

unripe rye grain. According to thesc authors the ripe 

grain contains only traces of this material. 

The formation of these compounds in a plant seems 

to arrive from the glucosc molecule which is converted to 

the fructose molecule and then condensed in the anhydro- 



fructo-furanose form. Tiis possible mechanism has not 

as yet been proven. 

Bcteri are known to produce those compounds, 

and the enzyme responsible for the production of one such 

fructosan, "levan" has been isolatEci from Bacillus mesen- 

taricus by Hibbert and coworkers (9,12). It has been re- 

peatedly shown that the bacterial production of those com- 

pounds necessitates the prosnco of fructose in the 

furanoso form, such as exists in the sucrose molecule. Seo 

Fiure 2. À mixture 01' glucose and fructose as a medium 

will not give rise to the fructosans. 
OH 

112Ç0H 119< H2ÇOH1 
HÇO1 Ç- HÇOP 9< 
HO ÇH HO CH HO CH HO 9H 

ECOH HOH HOH HÇOH 
.dÇ U 119 0 I-IC O HCOII 

1120011 1120011 1120011 

Glucose Fructose Glucose Fructose 
(furanose) (pyranose) 

Sucrose 

Figure 2 

Structure of Fructosans: 

Hans Schiubach and his coworkers (14-23) have been 

outstanding in this particular field of carbohydrate chem- 

istry. They have published a great number of papers on 

their findings, and have summarized their work in two 

articles (16,17). 



Schiubach contends that there are two main cias- 

sos o:C these compounds; the inuljflt? group and the "Phlein" 

group. These groups differ in the manner in which the 

fructose molecules are linked together. In the "inulin" 

group,which consists of the fructosans, asparagosin (15), 

sinistrin (22), and irisin (19), the fructose molecules 

are conectod. through the i and 2 positions. 

In the "Fhlein" roup (16), which consists of 

secalin (14) and levan (9,12), the fructose molecules are 

connected through the 2 and. 6 positions. See Figuro o. 

o 'J -- 

110 H HO91 
1Ii licou 

uQ-o 
112C0H 1120011 

Inulin Type 

Figure 

1120011 1129011 

Pblein Typo 

The structures o1 these compound.s are still not 

completely understood, but as the methods and tools for 

attacldng such a problem are extended, new light will be 

thrown on the structure of these complex carbohydrates. 

Yuc can 

The compound which we have isolated from the yucca 
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plent appears diíferent from any compound. of this type 

reported in the literature. Je have named this compound 

"yuccan" in agreement with the plan suggested by Hibbert 

(12), thus keeping it analogous to type compounds--araban, 

xylan, levan, dextran and etc. 

In )enera], the properties of yuccan are similar to 

the properties of other fructosans. Thus, it is a hygro- 

scopie, \hite, tasteless powder with no crystalline prop- 

erties. It is soluble in water, pyridine and 70% alcohol 

and insoluble in all general organic solvents. It forms-- 

as do the other fructosrns--addit,ion products with barium 

hydroxide and ethyl alcohol. It does not form rin addition 

product with calcium hydroxide. It will not reduce boiling 

fehling's solution. It is hydrolyzed very rapidly to fruc- 

tose by boiling 0.03 N acid riflL much more slowly by the en- 

zyme invertase. 

In compririn, the physical properties of yuccan i,jth 

the physical properties of other fructosns reported in 

the literature, it was found to compare most closely with 

the fructosan, "graminint isolated by Schiubach and Koenig 

(2u) from immature rye kernels. It has the same general 

properties and is composed. of ton fructose units. The 

optical rotation of yuccan and of yuccan acetate, however, 

serve to differentiate it from graminin. A comparison of 



the properties of grainin and yuccan Is iven in Table I. 

TABlE I 

Yuccan Graminth (20) 

1\ioltthg point 170-185°C. 

725 JD -30.0 _4000 

Iiole culer weight* 1660 1494 

Solubility in water very soluble very soluble 

Solubility in piridine soluble soluble 

Exposed to air white hygro- white hygro- 
scopie powder scopie povder 

Addition product with 
ethanol 

% Ba In the Barium salt 

Max. dagree of hydrolysis 

Reduction with Fehling's 
solution 

Iructose determination 

Taste 

positive 

22.4-23,5 

96 (#) 

negative 

l002 

Tasteless 

positive 

9l, C') 

nega t ive 

st e less 

<J25 

of the acetate 
t) Ifl chloroform -14.6e -7.2e 

Melting ioint acetate 70-85°C. 

Mol. .t. of acetate 2941 C") 2736 (-) 

(*) Letermined cryoscopically in water. 
(.í) Determined by the Schaffer-Hartmann method. 

(t) Determined by Bertrand's copper method. 
(t') Determined cryoscopically in camphor. 
(-) ietermined cryoscopically in benzeme. 



III EXPERIMENTAL 

Isolation of Yuccan 

Dr. Benjatnin Stark (4 ) in 1940 had. subjected 

a sample of yucca stem * to the following treatment: 

The stern was stripped of ts bark, cut into small 

pieces, dried at 6000. and then ground in a small burr 

mill. The dry meal thus obtained was exhaustively ex- 

tracted with petroleum ether, ether, absolute alcohol and 

70 alcohol, in the order given. The extract from the 70% 

alcohol, constituting 40% of the dry stem was used in this 

s t udy. 

Jhen a sample of this extract was treated with hot 

concentrated barium hydroxide, and. a smell amount of al- 

cobol was added, a copius white precipitate immediately 

formed. 

The following procedure was thon set up in order to 

purify end to test the homogeneity of the material from the 

70% alcoholic extract: 

Twenty grams of the extract were dissolved in water 

and the solution made up to 100 ml. To this uas added ari 

equal volume of hot concentrated barium hydroxide suspen- 

sien containing 20 g. of the hydrated base. .7hen 200 ml. 

Samples furnished by Truesdail Laboratories, 
Los Angeles, California. 
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of' 95% ethanol were added to this mixture a heavy precip- 

itate settled out. After cooling, the precipitate was re- 

moved and washed with 10% ethanol. 

This material was suspended in luO ml. of water, the 

barium removed with carbon dioxide, and the filtrate de- 

colorized with 1 g. of charcoal. The compound was again 

precipitated with barium hydroxide and. the treatment re- 

peated. 

To remove the last traces of barium, the solution 

was treated with a small amount of dilute sulfuric acid 

until one drop would cause no further turbidity. By in- 

creasing the alcohol content of the aaueous solution, the 

product was fractionally precipitated into three gummy 

fractions. It is important to precipitate the compound 

with alcohol in order to separate it from the small excess 

of F12304. If the solution is left even slightly acidic, 

the compound will completely hydrolyze to fructose. 

The precipitate of each fraction was dissolved in 

a minimum of water and placed in a vacuum oven at 60°c. 

7hen the solutions reached a syrupy stage, ethanol was 

added, causing the formation of a gummy mass which dried 

to white powder. These fractions all behaved similarly on 

the melting point block, had the sanie molecular weight, and 

the same optical rotation. Yield 42%. See Table II. 
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TABI ]i1 

Fraction 

I II III 

:.eiht gni. 1.84 3.24 3.3'? 

alcohol 76% 81% 88% 

Ii. F. 180-190 180-190 180-190 

Eol. weight lu 1660 1630 

26 31.0° 30.00 30.0° 
'JD 

(The molecular weights and optical rotations 
are corrected for alcohol and water content.) 

Properties of Yuccan 

Yuccan is a tasteless, '.hite povider v:hich contains 

7-8 moisture when dried under average conditions of humid- 

ity. This was determined by heating a sample at 60-70°C. 

in a vacuum oven until there was no further loss in weight. 

This required about 48 hours. 

It is very soluble in water, giving a clear solution. 

It is insoluble in most organic solvents, with the excop- 

tion of pyridine. Yuccan ives a negative test in boiling 

Febling's solution, arid gives no coloration with iodine. 

It is readily hydrolyzed by dilute acids to give fructose, 

as indicated by the Seliwanoff test. No hydrolysis was 

observed when it was treated with a heavy suspension of 
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Fleischman's yeast for 20 mirutes at 3000. Sucrose under 

sitTlilar conditions was hydrolyzed in a m2tfor of 10 seconds. 

Io1ecu1ar Weight of Yuccari 

Initial molecular weiht measurements gave a value 

of '7u0 (cryoscopic - 1120) for the fructosan and 2,800 

(cryoscooic - camphor) for its acetate. Since these values 

:ere not in harmony, it appeared that yuccan had formed an 

addition product vjith ethyl alcohol. This .v. s confirmed 

by chemical analysis accordin; to the method of Friedman 

and h1as ( 7 ). The molecular weight when corrected for 

the alcohol content (4.0%), was 1660. 

This method is essentially the disti ilatiori of the 

alcohol into standard potassium permanganate, oxidizing 

the alcohol by heabing, adding potassium iodideto the ex- 

coas permanganate, and titrating the liberated iodine with 

standard potassium thiosulfate. The difference between 

the amount of thiosulfate used. in a sample iith alcohol in 

it and. a blank represents the amount of alcohol present. 

The alcohol found to be easily liberated from 

yuccan by evaporation of its aqueous solution. Samples 

of the fructosan from this treatment gave a molecular 

wei;ht of 1720. Since the compound wìs labile, it was 

necessary o carry out ail evaporations in a vacuum oven, 

at 6000. The dry alcohol-fructosan complex was cuite 

stable. After heatin&: in n vacuum oven at 7000. for 24 
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hours, the compound still contained 4% ethanol. Further 

heating at 120°c. for 24 hours in an ovon reduced the 

alcohol content to 1.2%. 

Analysis: 

Calculated Found 
(06111005)10 

C 44.4 43.9 

H 6.23 6.29 

Lo1. Vt. 1621 1660 

Hydrolysis of Yuccan 

In order to obtain optimum conditions for hydrol- 

ysis the fo11oing was conducted: 

Twenty milligrams of yuccan were made up to 100 ml. 

of solution. Aliquota containing 0.4 mg. of the fructosan 

were placed in tubes and made 0.03 N. with H2SO4. These 

tubes were heated at 1UU°C. for definite intervals of time, 

and the amount; of reduction then measured by the Schaffer- 

Hartinan method. Eaximum hydrolysis (96%) was found to oc- 

cur in 20 minutes while longer boiling decreased the re- 

duction value. In 60 minutes the reduction value was 88%. 

Fructose determinations of the hydrolysato using 

the method of CoIley C ' ) indicated 1i0% conversion at the 

time of maximum reduction. . 1easuronents of the optical 
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rotation of the hydrolysate gave a value of 91 of the 

fructose calculated to be present. Cotnparable runs with 

both sucrose and fructose, undergoing the same treatment 

gave values of 93% and 94% of the theoretical. 

Glucuronic acid was suspected as one of the hydrol- 

ysis products on tho basis of carbon and hydrogen values, 

and other considerations ( J. Determinations of the 

acid content, after hydrolysis with standard acid, indi- 

cated no formation of acidic compounds as a result of 

hydrolysis. This was determined by back titration with 

standard base. 

A preparation of the osazone of the hydrolysate 

disclosed the presence of only glucosazone. Id.P. 2U5-206°C. 

Preparation of the Barium Salt 

The barium salt was prepared free from barium car- 

bonate in the following manner: 

Pure fructosan was dissolved in a small amount of 

water and an excess of saturated barium hydroxide was 

added. The slightly turbid solution was filtered by suc- 

tion, taking precaution against the passage of air through 

the filter. Alcohol Q5S added to the now clear aqueous 

filtrate, and the snow-white granular precipitate was 

filtered immediately by suction. The precipitate was 

ed first with 50% ethanol, and finally with 95% ethanol. 
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The barium salt was then allovjed. to air dry and was final- 

ly dried completely in a vacuum oven st 50°C. 

Two different samples prepared in like manner con- 

tathad 22.4 and 23.5% barium. Assuming 3 B0 units per 

molecule the molecular woig;ht of the fructosan appears to 

be 1500 and 1600 respectively. This is i fair areemerit 

with the values detormined cryoscopically in water. The 

barium salt of the fructosan is soluble in water. 

Preparation of the Acetate 

The acetylation was carried out by slightly modify- 

Ing the method of Haworth ( 11 ) . Three grams of the dried 

fructosan were added to 35 ml. of pyridine and shaken at 

30°C. until dissolved. Thirty ml. of acetic anhydride were 

added slowly with stirring. The white precipitate which 

formed was easily redissolved. The mixture was allowed to 

stand at room temperature for eighteen hours. The straw 

colored mixture was then poured into 500 ml. of ice water. 

The white precipitate was filtered, washed, dried over 

phosphorous pentoxide, and again acetylatod. 

Two oxperiment6 were attempted using 1 and 3 gram 

samples respectively. The weight of the products obtained 

from the osterification indicated 30 free hydroxal groups 

per molecule. Yields calculated on this basis were 101.6% 

and 100.2%. 
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Acetyl determinations were perforod usina a modi- 

iction of Armstrong nd Arup's method (:1). About thirty 

mg. of the acetate were dissolved in 5 ml. of alcohol and 

7.5 ml. of 0.1 N sodium hydroxide (002 free) were added. 

After several hours of shaLing at room temperature, the 

excess base was titrated with 0.1 N sulfuric acid. The 

results obtained using this procedure aru given in Wableill. 

TABLE III 

Compound No. of Time of Theo- Found Average 
Detns. Shaking l'etical Devis- 

CH300 %CH300 tion 

Glucose pentacetate 6 .5 hrs. bò.1 57.0 0.2 

Gi cose 1 3 hrs. 0.0 1.2 

Gi cose 1 5 ha's. 0.0 2.2 

Su rose octacetate 4 4-8 hrs. 50.7 50.6 0.1 

Su rose 4 :3-24 hrs. 0.0 0.0 

Yu. can acetate 5 4-15 hrs. 45.9 45.4 0.2 

Yuccar 3 3-5 hrs. 0.0 0.0 

Analysis: 

0a1cu1atd Found 
(C6H1005) 10(011200-J 30 

C 50.0 49.8 

H 5.59 5.61 

(d113Co-) 44.8 45.4 

Lol. 't. 2881 2790 
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iothy1atior of ! Fructosan 

The methylation was carried out accordiri to the 

method of I-iaworth and Percival ( L). 4.17 g. wore dis- 

solved in 50 ml. of acetone and boated at 55°o with 26 ml. 

of methyl sulfate and 72 ml. of 30% sociiuni hydroxide for 

90 min. with vigorous stirring. Both reagents wore added 

simultaneously io 10% portions at io minute intervals. 

The acetone was removed in vacuo. The remaining solution 

was extracted with four 25 ml. portions of chloroform, and 

the extract then evaporated in vacuo. Fifty ml. of acetone 

were added to the partially methylated chloroform extract. 

The methylation was repeated five times before the methoxyl 

contest became constant. 

To obtain the pure methylatod derivative, the final 

chloroform extract was washed repeatedly with distilled 

water and dried over anhydrous sodium sulfate. The salt 

was then filtered off and the chloroform removed by evapor- 

ation in vacuo. The product was a heavy yellow oil which 

was soluble in ether, chloroform, and alcohol. Yield 1.6 g. 

Analysis: 

Calculated Found 
(C61i1005)1u(CHo)30 

C 52.9 52.6 

H 7.88 8.Ul 

CH3O- 45.b 4o.6 
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Fructosan From Another Yucca Stem 

In order to compare the fructosan obtained from 

Stark's yucca stem another sample was obtained from the 

desert in Southern California. This was subjected to the 

following treatment: 

The bark was stripped from the stem and it uas 

sliced into pieces about 1/4 inch in thickness. The 

pieces were weighed wet and were then dried in a vacuum 

oven at 70-800C. The moisure content was found to be 

72.9. 

The dried material was then ground in a burr mill 

and the meal was extracted with boiling water. The slight- 

ly yellow aqueous extract was decolorized with charcoal, 

filtered and evaporated in vacuo to a syrup. The syrup was 

treated with a large amount of alcohol which precipitated 

a gurmy brown material. This was dried in a vacuum oven. 

The tan powder obtained represented 58' by weicht of the 

origina]. dry meal. It wa further purified by the barium 

hydroxide treatment. ioleculsr weight and optical rotation 

were determined on the now almost white fructosan as well as 

the molecular vei ht of the prepared fructosai acetate. See 

Table IV. 

The molecular weight of the fructosan was deter- 

mined 'ay the cryoscopic method in water. The molecular 

weight of the acetate was determined by the Rast method in 
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TABI2 

Mol. :t. Fruetosn . . . . . . 3150 

Calculated (05H1005)20 . . . . . . . . . 3244 

Mol. Fructosn Acettte 45u0 

(Ja1cu1ted (C5111005)20(CH2CO-j60 . . s . 5760 

25 
Fructosn 

.'(]j i . . s s e S s 

_36.00 

c&mphor. The high temperature necessary tp melt tbe 

mixture probably caused tho Fructosn acetate to decorn- 

pose into two ten unit fragments. This was substantiated 

by repeated me1tin. of the mixture. The molecular weight 

fell from 45U0 to 2650 where it remained constant. Thís 

value is in good agreement for a lu unit molecule. See 

Table V The molecular veight determinations on yuccan 

TABLE V 

No. oi times 
melted 

i1o1. t. 

1 45u0 

2 3600 

3 3250 

6 2720 

9 2650 

11 2650 

* Value obtained from the first melt. 
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acetate did not show this variation in molecular 

weight. 

A Comparison of the Two Yucca Stems 

The dry meal from both yucca stems was used. for 

the analysis. The two samples will be designated as 

yucca i and yucca 2, referring to Stark's material and 

to the new yucca stem. 

Five gm. of the dry meal was suspended in 250 ml. 

of distilled water. This ivas warmed to 70-80°C. and the 

mixture was shaken to insure thorough extraction of the 

fructosan from the pulp. After cooling, the mixture was 

filtered and 10 ml. of the filtrate was made UP to l0 ml. 

This solution was analyzed for reducinb sugars before 

hydrolysis arid after hydrolysis and for fructose after 

hydrolysis. See Table VI The water content of both 

yucca stems wa almost the same. 

TABI 

tlyucca "Yucca 2" 

Reducing sugar 
Unhydrclized á.6 5.0 

Feducing sugar 
Hydrolizod 59.0 52.'7 

Fructose content 55.0 52.5 



IV SUIARY 

1. A new fructosn has been isolated from the plant, 

Yucca mohavensis, Sarg., and. has been designated 

as, 'yuccari." 

2. The physical properties of this compound have been 

studied and compared \vitb the fructosan graminin. 

. Analysis of yuccan, its acetyl derivatïve, anu its 

methyl ether derivative, indicates that it is a 

compound composed of ton fructose units. These units 

are connected together in such a manner as to produce 

a complete anhydride which has the general formula 

(c61110o 

4. The water content and sugar content of the yucca plant 

is given, and a comparison is made between two dilferent 

plants. 

U. A second yucca plant yielded a neve fructosan which had 

twice the molecular voight of yuccan. It is therefore 

composed of 20 fructose units. 



V CONCLUSION 

This study could be extended by exhaustively 

methylating yuccan, hydrolizing this derivative, and. 

studying the rnethylated fructosc units. ibis work, 

when completed, would place yuccan in one of the two groups 

sugested by Schiubach. 

The compound isolated from the new yucca stem might 

be further studied in the same manner. 

Commercially, the yucca plant could serve as a 

source of fructose. The sugar content of the wet stern 

amounts to about 15%, and since the stern weighs between 

three and four pounds, each stem would yield about 0.5 lus. 

of fructose. 
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