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INTRCDUCTICE
Corn syrups are produced by acid or acid-enzyme conversion of corn
starch, Starch hydrolysis by acid or acid-enzyme is random and the products

]

are glucose and glucose oligosaccharides of various degrees of polymerization.
Starch hydrolysaties are marketed on the basis of the "dextrose egulvalenti!

(D. E.) of ize syrup. "Dextrose equivalent" is a measure of the reducing-
sugar content of a product calculated as dextrose and expressed as a percent-
age of the total dry substance,

The use of corn syrups and sugars has increased in the United Staties
during the past twenty years despite a decline in the over-all conswmption of
carbohydrates in foods, The ever increasing demand for corn syrups by food
and nonfood incusiries can be attributed to its many unusual properties,

Paper chromatography has become the versatile tecinique for identifying
saccharides. Column chromatography is perhaps the best way of isolating
individual oligosaccharides. In recent years, the carbohydrate composition of
commercially available corn syrups (Table 1) has become known through the use
of paper chromatography.

Consicderable inowledge and technical cata are available on glucose and
maltose, as these are available in the market. However, no detailed informa-
tlon is available on higher_oligosaccharides (maltoiriose, maliotetraose,
maltopentacse and higher chains of the saccharides), due to nonaveilability of
these products, The only source of these polysaccharides is their isolation
in pure form from corn syrups of similar corn starch hydrolysate products,

The purpose of this research was to apply chromatography methods to isolation
of the various oligosaccharides found in commercial corn syrup and to study

certain physical and chemical properties.
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REVIEW (F LITERAT
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Trancs to anyone who could discover a way to make sugar in guanii
in 1811, a Russian scientist, G. S. C

Lo

navive plant, At abouv the same time,

Kirchoff (19), nceding gum arabic in the manufacture of porcelain and unsble

get it, tried a starch substitute, Mixing starch and water and subjecting the

sixture to the action of sulfuric acid for too long a time for this purpose
The scierntist of

of a guamy product, a sweetish syrup

he obtzained, instead,
ceuse of the shortage of sugar caused by an embargo placed on its
portance of the discovery, and the
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France, be
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of sugar from starch gquickly began. Until 19L0, acid-converted
xirese were ranufactured essentially by the Kirchoff pro-
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corn syrups and des
In 1940, starch was converted by a dual process involving both aci

cecure,
and enzyme hydrolysis (Dale and Langlois, { 7)).
or wheat starch conteins iwo fractions, amylose and amylo-

Naitive corn
The amylose 1s a straight chain structure of alpha 1—>l glucosidic
inkages

uy-

pectin, T 1
whersas the amylopectiin is chains of alpha 1—) glucosidic 1

linkages,
with branches occurring at the sixth position on approximately every twen
therefore, the alpha 1—l and the
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fifth glucose unit, Only ¢
alpha 1~ 6, are involved in the hydrolysis of starch
hydrolysis of starch is of great commercial importance., Beta

Enzyrmic hydr i
ly specific for a chain of l—) linked &&-D-glucopyranocse

anyleses are nigh i
tack occurs exclusively from the "non-reducing" end group and

units.



next to last link with the Tormation of K-maltose, Zeila-zmylase
acticn has been used to determine the peripheral chain length cf amylepectin.
Beta-amylase activity is stopped by the presence of X1-6-D gluccpyranose unit.
limylases hydrolyze the glycosidic linkages in polyszccharides and zre
hydrolases. They are more completely classified by being

to sub-group of glycosidases (or carbohydrases) and sub-sub group of
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polysaccharidases, These enzymes are named as alpha-amylase and beta-amyiase
and show cefinite variations in certain properties, such as pH and temperature
optima, thermostability and resistance to inactivation by aciaity. They are
pure, crystallizable proteins that do not require the presence ol co~enzys:

for their activity. Alpha-amylase, however, shows a higher rate of aciivity
in the presence of caleium. By their over-all action on polysaccharides con-
ponents of starch, amylases decrease in viscosily which indicates cleavage of
the glucose chains, appearance of reducing groups and formation of maltose and
dextrins in the form of oligosaccharides of varying chain length.

The action of alpna-amJlases from alflerenq Sources show a substaniizl
sinilarisy. For example, with salivary amylase, the products of action on
amylcse are oligosaccharides of DP 2, 3 and L together with high molecular
welght dextrins (Pazur, French and Knapp, (24)). ~ No glucose or olige-
Saccharides in the range of DP 5-12 are produced, With bacterial amylase,
French ( §) found the principal early low molecular weight products are of
DP 2, 3, 6 and 7 with relatively little DP L or 5 produced. French { §)
treated isolated branched oligosaccharicdes of DP L=7 with a fungal amylo-
glucosidasce, 1t converied the DP 5, 6 and 7 olizosaccharides to glucose.

Fazur and Ando (23) and Pazur and Xleppe (25) have prepared highly

purified ahflorluGObldase and have reported detailed studies on She mode of

actior of these enzymes. The amyloglucosidase hydrolyzes the oligosaccharides



Ly a multichain mechanism beginning at the nonreducing erd of the molzcule and
proceeds at & faster rate if the terminal unit is linked by an alpha=D=(1—>L)
linkage rather than an alpha-D-(1—6) linkage to the remainder of the oligo-
saccharide molecule. The alpha-D-(1—L) linkage in maltose is hydrolyzed at
about 15 times the rate for the alpha=D-(1—3) linkage in nigerose and about
28 times the rate for the alpha-D-(1—6) linkage in isomaltose. Thus,
amyloglucosidase converts starch, amylose, amylopectin, amylodextrin and a
wide variety of glucosyl oligosaccharides having alpha-D-(1—L), alpha=D-
(1—6), alpha-D-(1—>3) linkages to glucose in essentially quantitative
yields.

Beta~amylase is produced by higher plants, particularly cereals and
sweet potatees, It is a saccharifying enzyme, producing maltose as the only
sugar from the noﬁreducing ends of starch chains when acting on the branched
fraction of starch. The action of beta-amylase ceases when it reaches an
alpha (1—6) linkage, leaving so-called "beta limit dextrins,"

Hollo, Laszlo anc Toth (13) fracticnated products formed during
hydreiysis of maize-amylose by Q- and § -amylase in a column of layers of
Sephadex G-10, G-15 and G-25. Hydrolysis by (k-amylase contain products of a
high polymerization degree, The distribution provides evidence for "apparent!
single chain mechanism in the hydrolysis of natl_lral amylose., Among hydrolysis
products, small amounts of glucose were present. During hydrolysis by
C-amylase, up to 50% the hydrolysis takes place in three steps. The first
step is the formation of intermediate products (with DP L to 10) from
amyloses of a higher polymerization degree, The sccond step involves forma-
tion of products with DP of L, 5 and 6, with production of 2 few molecules
havinz a DP of 3, 2 and 1. The third and final step involves production of

low DP products.



Animal and plant tissves and micro-organisms produce amylase enzyres.
For commercial application, microbial enzymes have becone ;mportant sources,
Microbial amylases can be preduced in unlimited quantities. Commercial
enzymes are produced from molds, bacteria and yeasts, These amylase EnzZymes
irom animal, plant and microbial origins rapidly hydrolyze starch as follows.

Starch Alpha~znylase Dexitrins + Maltose

Starch Beta~amylase Maltose + Dextrins

tarch or Dextrins  Amyloglucosidase  Glucose

2 terns "liquefying® and "saccharifying" amylases are general classifi-
cations deroiting the types of enzyne action. Alpha-amylases hydrolyze alpha-
(1—2L) linkages in the starch molecules in a random manner, therefore,
liquefying starch rapidly. A considerable amount of low molecular weight dex-
trins is forned by the low saccharifying cor dextrinizing types of alpha-
anylases,

Oligosaccharides of Corn Syrups - Column Chromatogravhy

Chromatography revolutionized the study of the structure of carbohydrate
polymers, Paper chromatography has become the superior reans of identifyirg
seccherides, while column chromatography is the superior means of isolating
then.,

Tswett (37) was the first to use column chromatography Tor separation of
pigments and colorless substances from natural material., Tswett's method
ssemed to be forgotten until Kuhn and Iederer (20) separated the carotenes
and xanthophyll pigments on a column of alumium oxide and calcium carbonate.
AU thls time oply the classical methods were used for separation of oligo-
sacchar-.c o from syrups. This involved the fractional distillation of the

methyl (Hurd and Cantor, (16)) or propanyl derivatives (Hurd and Liggett,



g Colurn chromatography was epplied to resoluticn of sugar mixtures by
Tiselius (30).

Since that time, chromatographic rethods have made importent contribu-
tions (o the problens of sugar chemisiry. Both partition and adsorption
chromatography have been applied, In adsorption chromatography, a polar
adsorbent such as clay in water and z non-pelar adsorbent such as carbon in
water have been used., Quantitative analysis have been successful for monc-
saccharides and lower nmolecular weight cligosaccharides.

The pregress in using column chromatography for resclution of oligo-
saccrarides started +iien Tiselius (30 ) introduced carbon as an adscrbent for
tne cihromatography of colorless substances, Substances to be separated were
forced upward through a carbon column contained in a metal tube, Atmespheric
pressure and constant temperature were employed, Separation of the subsiances
was folloved by measurement of cnanges in the refractive index of the
efflvents at the top of the column, Tiselius (29) and Williams, Hagdanrl and
Tisciius (L) have applied this method to the separation of monc~- and di-
seccharices. This was extended to the separation of raffinose using various
cartons (Tiselius, (31)). Tiselius (32) improved the separation of the

uoers ellowing the developing solvents to pass down through Norite P-3 and
thus reducing the intermixing of the zones, Three general analytical proce-
dures have imoroved this method. They are identified by the mode of dewvelop=-
ment used, namely, frontal, elution and displacement analysis,

Charcoal Las been used industrially for the purification of sugars for
r.y vecrs. Hyashi (18) reported that charcoal, stirred in an agueous
cootone-acetic acid solution of glucose and sucrose, completely adsorbed the

sucrcse Sut left the glucose in solution, Tiselius (30) proposed that
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charcoal night te employed in chromato~raphic fashion Tor ths seperation of
glucose and lactose, Later, he employed charcozal and O.JN agueous pherol
solution to effect the separation of glucose from sucrose, and sucrose fron
maltose Ly tne displacement develovment technigque in which the corporents are
added to the column and are washed in succession into the effluent without an
interval wherein only pure dewveloping solveno is obtained. Tiselius and Iahn
(33) cdemonstrated that a mixture of glucose, sucrose, raffinose and siach-
vyose could be separated, using 0,5% agueous ephedrin as the displacing sgant,
The method of Tiselius has been used by Claesson ( 3) to resolve a mixture

of glucose, sucrose and raffinose with LY agueous phenol; and by Hontgomery,
Weakley and Hilbert (22) to igolate 641—D-g1ucopyranosyﬂ.p—B—glucose from an
enzymic hydrolysate of starch.

Whistler and Durso (4,0) suggested a modification of the Tiselius tech-
rigue whereby a mixture of mono-, di- and trissccharides could be resolved by
chromatographic adsorption on charcoal with displacement by water, 5% ethanol
and 15% ethanol in succession. The course of the desorption of sugars was
affected by the degree of dilution of the sugar mixture or by the presence of
salls such as sodium chloride, sodium bicarbonate and sodium acetate in verious
concentvrations,

Whistler and Hickson (1) isolated a tetrasaccharide from corn syrup by
column chromatography on charcoal and cellulcse, They characterized the sugar
&s maitotetraose by oxidations with hypoiodite and periodate as well as by
kydrclysis wiiﬁxg-emylase. hyarogenatlon to maltotetraitol followed by
acetylation yielded a crystalline pentadeca-O-acetyl derivative. Following
tae same technique, Whistler and Duffy (39) isolated a pentasaccharide and

characterized as maltopeniaose by periocdate and nypoiodite oxidations and by



hydrolysis with B-amylase. Whistler and Joy (,2) obtaircd chromato=
graphically pure maliohexaose by initizl separapion throuch carbon colurns
and final purification through cellulose column., Whelan (;3) used carbon
colwan chromatography to separate glucose, maltose, maltotriose, maltotetra-
ose, maltcpentaose, maltohexaose and maltoheptaocse from incomplete acid
hydrolysate of potato amylose. Separation was made with water, 7.5%, 15%,
20%, 23%, 25% and 28% ethyl alcohol, respectively, The saccharides were con-
temirated with iron, which he eliminated by washing the packed colwmn with
0.2 K-citrate buffer (pH 7.0). He packed his column by placing pads of glass
wool and cotton wool in the bottom and adding a 50~50 mixiure of charcoal-
celite as a thick slurry in water. @He used vacuum to speed the elution from
the colurn. Eluates were tested by measuring the optical rotation of each
fracticn,

Hontgomery and Weskly (21) determined the carbohydrate cormposition of

hydrol, using z carben column packed with equal weights of two types of carbon

Barker, Bourre and Fleetwcod { 1), using charcoal column; isolated
nelionexzose from acid hydrolysis products of amylose, The eluates weres fi}-
tered, concentrated, freeze dried and then analyzed by paper chromatogrzaphy.
The purity of each saccharide was: maltotriose, 96%; maltotetraocse, 95%;
maltopentaose, 96%; and maltohexaose, 95%.

Thoma, Wright and French (35) isolated oligc- and megalosaccharides of
LP 10-18 using cellulose column chromatograpiy. Thoma and French (3L) used
the maltodextrin’ saccharides up to DP 18 which were isolated by chromato-
graphy on cellulose colurns to examine the effect of chain length on the

starch-iodine complex,
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Physical and chemical properties of the oligosaccharides from corn syrup
have not been studied in detail because of lack of a suitable technigue to

isclate the saccharides in pure form.

Thompson and Wolfrom (34) established the_stru'cturer of maltotriose from
corn syrup to be L~ maltopyranosyl-D-glucose. French and others (9)
determined the specific rotation of maltoheptaose to be [G(]D ¥ 1760.

Whelan et al, ()3) determined the molecular weight of the saccharides
(P 2 through 7) using the colorimetric reagent of Somogyi (28). Whistler
(38) reported the specific rotation of maltotetraose, maltopentaocse and
maltohexaose to be [or_fSD + 176.&0, [0‘];5 + 179.L° and [U]DZS + 1820,
respectively,

Bird and Hopkins ( 2_) reported the specific rotation for maltotriose
and a hexasaccharide in water., The [cx]D were Found. T ‘pe [ OC]D . 15'80_-:=_l o
[OE] 5 + 1?701-_1 for maltotriose and hexaose, respectively,

Sato, Ito and QOno (27) isolated isomaltotriose and determined it to have
a specific optical rotation uf[o‘] 2t + 136.1 in water.

Hpover; Nelson, Milner and I'Je? (1k,15), realizing the major bottleneck to
the development of knowledge pertaining to physical and chemical properties of
these oligosaccharides, scaled up a charcogl column to pilot plant size
(8" x 6") and separated 10 to 50 g. quantities of the sugars up to a degree of
polyrmerization of 10 from acid converted LLZVD. E. corn syrup. The saccharides
-thus obtained were evaluated for their properties of density, refré.ctiire index;
viscosity, optical rotation and reducing power. Solub:jtlity‘ tested in water
indicated that d:extrose formed a clear water-white solution, Maltotriose and

maltotetraose formed clear light-yellow solution, Solutions of maltohexzose



1l

contained a small flecculent precipitate at higher concentrations, Maltohep=-
taose formed a turbid off-white solution zt high concentration which cleared
upon dilution, Solutiong of maltoheptaose were clear but opzalescent even at
the lowest concentration, Malto-octzose formed a very slightly turbid yellow
solution at high concentraﬁion which cleared when diluted, Maltononaose made a
clear water-white solution, Maltodicaose solutions were slightly yellow with
slight turbidity.

~ The bulk density of all the oligosaccharides except maltononaocse was very
low. These low bulk densities were a result of the procedure used to dry the
sample, i.e., freeze drying, Specific rotation of maltotetracse was found to
be lower than reported by other workers, This may have been due to impurity of
chloride ion in their mﬁltotetraose sample, The reducing power of malto-
pentaose reported by them was unusually high, They concluded that density,
refractive index, viscosity, optical rotation and reducing power were related
to the molecular weight of sugars.

Commerford, VanDuzee and Scallet ( L) separated large quantities of
glucose polymers up to a DP of 11 from starch hydrolysates by paper chrona-
tography. Commerford and Scallet ( 5) found constant stoichiometry for the
members of the homoleogous series higher than malfqtriose, when the results
were calculated in terms of equivalents of ferricyanide reagent consumed per
equivalent of reducing sugar, G to G had'progressively increasing molecular
reducing power. They also repo%ted tgat variation of sugar concentration
during the determination had little effect on the reducing power when sodium
carbonate was the alkali used but was important when varium or calcium

hydroxide was used,



Salen and Johrnsen {04) separated the oligosaccharides of corn syrup on
carbon-celite colummns using stepwise increase in ethanol concentraiions., They
isclated trisaccharide, tetrasaccharide, pentasaccharide,_hexasagcharide,
heptasaccharide and dextrins using 7.5%, 15.0%, 20.0%, 23.0%, 30.0% and 70.0%
ethancl concentration respectively, They used ferricyanide test to follow the
progress of separation, They also reported, as observed by previocus workers,
a2 trace contamination with a higher oligosaccharide in the elution of tetra=
penta-hexasaccharide, Further, the resolution of dextrin was not corplete
tecause of the sitrong adsorbability of dextrins on carbon-celite colurms.

Salem and Johnson (24) from the paper chromatogram study of RG velue and
chain lengtn relationships, concluded that the oligosaccharides isolated Irom
corn syrup appeared 1o be a homologous series of maltodextrin, The optical
rotation of these oligosaccharides observed by them was in agreement with the
same reported by Whistler (38). Their studies on the action of beta- azylase
on these oligosaccharidgs indicated the presence of only the 1l-4 type of
linkagze in these sugars.

The properties of the oligosaccharides, including optical rotation, RF
values of amylose hydrolysate and beta-amylolysis suggested that the oligo-
saccharides were a homologous series of amylose structures.

Salem and Johnson (26) also studied the effect of the addition of
individual oligosaccharides on bread quality, They used two lewvels, 0.5 and
1.C percent and observed slight decrease in crust color, break and shred,
symmeiry, grain and texture with‘higher_oligosaccharides and also noted that
addition of oligosaccharides enhanced rather than retarded bread crumb
staling,



13

Cormierford and Secallet ( 6) reported the values for the dextrose
cquivalent of oligosaccharides (DP 1 through DP 6), Compared with theoretical
values; they found that the actual dextrose equivalent values were about 10%
higher than expected. I—Iaytko; Burns and Weill (11) separated the malto-
qligosaccharides on thin layer plates with n-butyl alcohol:pyridine:water sol-
vent mixtures at 260 on Kieselguhr G,

The foregoing review and the present status of knowledge reveals that
considerable data (physical and chemical properties) are available on glucose
and maltose, waever; knowledge on higher oligosaccharides is still lackirng.
The only rich source of these oligosaccharides is to isolate them from corn .
syrup or starch hydrolysate and study their physical and cheriical properties,
These oligosaccharides may have potential importance for many industrial

applications if the physical and chemical properties were known.

MATERTALS AND METHODS

Preperation and Use of Carbon Columns

A chromatographic column, 6" x 121, made of pyrex glass was filled with a
rixture of activated carbon (G-60) and celite 5L5 (60:L0). The column was
packed with carbon-celite in the form of a slurry, A second column was _
charged with 50:50 mixturz of granular (20:30 mesh) and powder carbon (G-50).

The columns were washed with 1:1 hydrochloric acid solution to assure the
reroval of basic ash which might otherwise cause isomerization of the sugar
epplied later, The acid was removed from the colum by washing with distilled
water, The column was never allowed to dry but covered with a layer of liguid

2t all times.
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The colwm was charged with a dilute selution of L52 zms, of corn syrup
having 42 D. E., (Corn Products Refining Company, Argo, Illinois)., Elution of
olisosaccharides was followed in sequence by water, 5.0%, 7.5%, 103, 12.5%,
155, 17.5%, 20,0%, 22.5% and 25.0% ethancl. The surface of the colurn was
covered with four disks of filter paper to keep the surface even when solvent
was added, To speed the elution rate, Initial trials were made with vacuum
from the bottom of the colwm. However, this caused short channels and dis-
turbed wniformity of carbon in the column, Another trial was mede by con-
tinous flow of solvent from a 35 gallon plastic tank raised to a greater
2eight than the top of the column, This resulted in increasing the elution
rate from 0.5 gallon per day to about 1.5 gallons per day without creating any
channels or disturbing the carbon pack. Fractiions o? eluate were collected
in one gallon plastic jars, arranged in a row of six, The rate of elution
renged from one-two gallons per day.

Glucose and maltose were eluted by water and 5% ethenol. Eluates con-
waining glucose and maltose were tested as follows.,

Anglysis of eluant

To detect the presence of carbohydrate in the eluate, a 1.0 ml, aliquot
was mixed with 1.0 ml. of 5% orcinol and 5.0 ml., of concentrated sulfuric acid.
After placing tube in boiling water for 10 minutes, a red to brown color was
obtained with as little as 5 mg., of carbohydrate. The intensity was measured
at 4,90 m , using a Bausch and Lomb specirophotometer Spectronicr20.

The purity of eluate was tested for sugaf by a paper chromatography using
Whatman No. L filter paper. The development éolvent was propanol-ethyl
acetate-water (6:1:3). The chromatograms were developad by spraying with

silver nitrate, sodium hydroxide and sodium thiosulfate solution,
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¥ethodolony for study of properties of olirosaccharides

The isolated oligosaccharides were studied for: (1) hygroscopicity,
(2) recduecing power, (3) solubility.

Recucing power

The ferricyanide number of a carbohydrate (the number of ml. of 0.1CG0 ¥
Terricyanide reacting with one g. of substance)'was used in determining the
reducing power of starches, dextrins and syrups. The Schoch and Jensen (12)
procedure for determining the ferricyanide number was applied to glucose and
to the series of glucose polymers prepared by carbon column chromatography.
Procecdure

Reagents were prepared as cited in Appendix, Alkaline ferricyanide (25
ml,) was transferred to a reaction Tlask containing about 0,05 milli-eguivalent
of oligosaccharide dissolved in 25 ml, of distilled water, The flask was
covered with a vented cap and the solution heated to boiling for exactly 15
minutes. The reaction was quenched by cooling in tap water. Acid-zinc sul-
fate solution (60 ml.) was added to complex with the ferricyanide and to
aciaify the reaction mixture. Potassium iodide solution (20 ml,) was added
Lo reduce the excess ferricyanide and excess titrated with the standard thio-

sulfate, using the starch as indicator. 4 blank of 25 ml, of water was also

used,
Calcuiation
The ferricyanide number was obtained from the expression:

(ml. for blani-ml, for sample) x (normality of thiosulfate)
(sample weight in g.) x (0.L)

To determine the equivalents of ferricyanide consumed per equivalent of oligo-

saccharide, the following formulae is used:



{Terrieyanide rumber) x (0.1) x (Poclymer mol., weight)
1000

Hygroccopicity

Certain products, because of strong residual valence force, exhiblt
hygroscopicity, i.e., an ability to absorb large quéntities of water through
hydrogen bonding. It is not known but it is assumed that various oligo-
saccharides differ in this property as a function of chain length,

To reasure hygroscopicity of oligosaccharides, changes in weight with
time at various relative humidities were measured, The pure olizo-
saccharides from G1 to G6 were placed in aluminium dishes kept in dessicators
of krown humidity. ‘These were weighed periodically and their increase in
weight was measured.

Environment of desired humidity was obiained in a desiccator with controlled
consvant humidity obtained with sulfuric acid solutions, described in Handbook
of Chemistry and Physics (10).

Selability

water soluble and insoluble fractions of isolated oligosaccharides were

separated, dried and tested for solubility and presence of carbohydrates.

RESULTS AND DISCUSSION
The oligosaccharides present in corn syrup were separated on carbon-
celite columns, Maltose was eluted with 5% ethyl alcohol. Flow rate was one
Lo Wwo pallons per doy and the concenbration of sugar in the cluate ranged froa
a few micrograms to about 2,0 ng./ml.

Collection, concentration and freeze drying of eluate, Isolation of malto=-
TTL05C

ialtotriose was eluted with 7,54 ethyl alcohol., Maltotriose in the

eluate, in tne beginning, was mixed with maltose., The mixed fractions of



eluate were discarded and subseqﬁent eluates proved to be pure maltotricse,
Pure fractions were collected in gallon jars and regularly tested for their
purity by paper chromatography. The flow rate was cne to two gallons per day.
A total of 6L gallons of eluate containing maltotriose was cpllected. The
eluate was concentrated to about one gallon in a dairy plant, skim milk
evaporator operating at a vacuum of about 26 inchgs of Hg and temperature
about 1300F. The concentrated eluate was acidic and salt , indicating the
presence of salts and chloride ions as impurities. These impurities were
removed by passing the eluate through an ion exchange resin columns (anion and-
cation exchange resins), Approximately 10 gms. of pure maltotriose was
obtained after freeze drying the concentrated purified eluate.

Isolation of maltotetraose

Elution of maltotetraose was achieved with 10,0% and 12,5% ethyl alechol.
Initial fractions showed maltotriosg coming out with maltotetraose, but later
fractions showed pure maltotetraose, Routine testing of eluate by paper
chromatography assured the purity of the collected fraction, The flow rate
was 1.5 to 2,0 gallons per day and the maltotetraose saccharide present in
eluate ranged from 20 to 225 microgram per milliliter, Seventy-five gallons
of eluate containing maltotetraocse was concentrated_tp 1.5 gallons., The con-
centrate was slightly turbid (milky) with a pH of L.0. The concentrated
eluate contained approximately 1.5% of maltotetraose and was found to be pure

by paper chromatography. The concentrate was freeze dried and yielded five to

seven gms. of maltotetraose,

Isolation of maltopentaose

¥altopentaose was obtained by increasing the ethanol concentration to 15

to 17.5%. 1Initial eluates were contaminated with lower homologues but



sucsecuently pure fractions were collected and about 70 gallens containing
rnaltopentaose was concentrated to zbout ecne gallon, About 10,0 gns, of malto-
penizose was cbiained after freeze drying the concentrated eluaie.

]

Tsolztion of m=ltohexaose

Maltohexaose was obtained by elution with 20 and 22,5% ethanol. A
relatively large quantity of maltohexaose was eluted as a mixture with malto-
rentacse, but the last fractions of eluate contained, in about 25 gallons, pure
maltohexaose, The concentration of maltohexaosg ir the eluate ranged from L0
to 128 microgran per milliliter. About 5.0 gms, of maltchexaose was obiained

efter concentration and freeze drying.

Isciaticn of oligosaccharides from Liquidex

L second carbon colwm was filled with granular carbon and charged with
L50 gms, of Liguidex, which is a low D. E. starch hydrolysate.

Elution techniques as described above were used to iscolate the poly-
saccharides. Approximately two to three gms., of pure maltose was prepared,
The reason for the low quantity was the low content of glucose and maltose in
liguicdex, Similarly, about 5.0 gms. of maltotriose was obtaired in pure form.

This coluwin had somewhat faster flow rate than the first column, The
eluate collected per day was about three gallons, However, saccharide content
was only in ricrogrem quantities and, tnerefore, there was no appreciable
reducticn in time,

The isolated oligosaccharides were studied for (1) reducing power (2)
hygroscopicity and (3) solubility,

Reducing power, a property of analytical interest, was studied by the

Schoch and Jensen procedure by determining the ferricyanide number of glucose
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and glucose polyrers. The data obtained in these esperimenis are swiaarized

(@]

in Tatble 2 in comparison with those reporied by previous workers,

Table 2,

Ferricyanide number of glucose polymers.

vommeriord ana rresent
Scallet (5) Investization
(1) Glucose 305 331
(2) i=ltose 243 258
{2) ikltotriose 176 139
(4) =ltotetraocse 17 g
(5) Haltopentaose 123 L7.50
(6) i21tohexaose 105,5 LL.50

The ferricyanide numbers obtained for gluqose and maltose cempare
Tavorably with figures given in the literature. The ferricyanide rurmbers
reguleriy decreased as the molecular size of the oligosaccharides increased.
By the procedure used, the replication of measurements was excellent. Thae
results indicate that ferricyanide number of glucose polymers decreases as
the chain length increase from G to G .,

The reducing power of the oligosaccharides reported by different workers
¢ces not show close relationship. This may-be due to presence of impurities
in the isolated oligosaccharides. Hoover (1L) reported the presence of
chloride ions in his preparation of maltotetraose. fle also reported that the
value for maliopentaose was unusually high but no explanation was given for

this,
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Tsble 3 gives the D, E, values found for each saccharide by Hoover (1L,

15), Commerford and Scallet (6) and present investigation,

Table 3.

Dextrose equivalents (D, E.)

Saccharide Hoover et al, Comreriord Present Theorevical
(14,15) (6) Investigation values
(Ferricyanide (Lane & Eynon) (Ferricyznide
method) rmethod)
(1) Dextrose 100.08 100 100 100
(2) amltose 7L.95 58.0 4.0 52.60
(3) altotriose 61,63 39.50 LL.o 35.70
(4) altoietraose 52727 29,80 2330 27.C0
(5) Maltopentaose 53.97 2h320 15.0 21.70
{6) Izltochexaose Li, 1k 20.80 .10 18.20

The dextrose equivalept concept assumes that the reducing sugars in corn
syrup behave like dextrose. Theoretically, the D. E. of maltose should be
52.60 (the molecular weight of dextrose divided by the molecular weight of
maltose times 100), Actually, values ranging from 54 to 7L have been
reported. Whether this deviation is due to differences in the reaction condi-
tions or to inherent differences in the stoichiometry of the reaction has not
been established. The homoleogous series of D-glucose polymers higher than
maliose normally found in corn syrup is an interesting set of compounds for
stucying reactions of this type. Whether the observed difference; can be

correlated exactly with specific reactions is open to speculation, However,
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there ore meny zreas in which xnowledgze of the D, E.!'s of the individual oligc-
saccharices 1s of immediate value,

Studies on reducing power of oligosaccharides by Heover et al. (1L,15),
Commerford and Scallet (5) and our findirgs indicate that reducing power of
oligosaccharides regularly decreased as the molecular size of the oligo-
saccherides increased, However, the values reported by each worker do not
agree with the theoretical values indicating thét the isolated olig=-
saccinerides carried some impurities observad_by Hoover, This perhaps causes
deviavion of the values from the theoretical. It is therefore necessary to
apply scme purification and refining technique to these isolated oligo-
saccharides before their physical and chemical properties are established.

Hygrcscopicity

The oligosaccharides prepared from corn syrup are hygroscopic i,e., they
possess the abiliiy to asbsorb large quantities of water through hydrogen
tonding, Hygroscopicity tended to increase as the chain length increased from

Gl to Gé but the relationship was not linear.

Studles on hygroscopicity of glucose polymers (G to G ) at a relative
hurddity of 18,80% and temperature ?SOF; indicated th:thygroscopicity
increased in crder of glucose, maltotetraose; maltose, maltotriose, malto-
pentaose, maltohexaose, These data as shown indicate that glucose has mini-
mum hygroscopicity and maltotetraose (Gh) has lower hygroscopicity when com-
pared with maltose; maltotriose, maltopentaose and maltohexaose.

Lt a relative humidity‘uf 37°10¢ and terperature TSQF; hygroscopicity of
vligosaccharides increased as chain_length increased in order: glucose; nal-

tose, maltotetraose, maltotriose, malitohexaose and maltopentaose. The results

indiczte that glucose possesses the least hygroscopicity, maltotriose has
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izker Lygroscopicity than maliotetrsose and maltonentzose has higher hyzre-

scoplcity than maliohexaose, at a relative humidity of 37°1C% and temperature
_0
To T,
. s . i ,._:D _ .
tudies av a relative humidity of 56°30% and temperature 75 7 indicated

|92]

that maltotriose is more hygroscopic than maliotetracse and maltopentaose is
niere Syrroscopic than maltohexaose,

o L NI r 4 a & 0 :

&0 & relavive humidily of 70¢0% and temperature 75 F, maliopentaoss is
mere iygroscopic than maltohexaose; cther saccharides showed inereased in
nygroscopicity as the chain length increased,
ygroscopicity studies of glucose polymers (G to G ) at a relative

& 1 6
awidivy of 00% and temperature 75 F showed that maltobtetracse had the nighest
hygroscoplcity at this perticular relative hwiidiity and was followed in
cecreasing order as the chain length decreased: naltohexaose, maliotricee,
raltogenvacse, maliose and glucose.

Is is therefore concluded thati hygroscoplcity of glucose polymers depend

on relavive humidity ard temperature of the environment.

Water scluble and insoluble fractions of isolated oligesaccharides were
sepereted, dried and tested for solubility and presence of carbohydrates, The
tests indicated that the soluble fraction contained most of the polymer and
the inscluble residue which was non-carbohydrate in nature mey have been
leacned from the colurm or contamination may have arisen from processing of
the eluate at some stage during evaporation and/or_freeze drying, The
inscluble residue was colloidal in nature and had very high adsorptibn power

for ine polymers,
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SUMMARY AND COHCLUSICHNS

The chemical and physical properties of the malto-oligosazccharides are
unimown, yet it is recognized that corn hydrolysates made up of mixtures of
different oligosaccharides have various properties which must depend on the
chemical and physical properties of the individual components, It was the
object of this investigation to isolate pure oligosaccharides from a mixture
and to establish certain of their chemical and physical properties,

A modification of the Tiselius technique was used to resoclve corn syrup
saccharides by chromatographic adsorption on charcoal and digplacement by
water followed by stepwise increase in ethanol concentration., The course of
the desorption process was followed by testing the carbohydrates in the eluate
by a chemical method (phenol=sulfuric acid method). Presence of sugar in the
eluate was tested by a paper chromatographic method using Whatman No. L ﬁilter
paper., The development solvent was propanol-ethyl acetate-water (6:1:3). The
chromatograms were developed by spraying with silver nitrate, sodium hydroxide
and sodium thiosulfate solution,

The eluate fractions containing one particular oligosaccharide were com-
bired and concentrated in a vacuum evaporator. The concentrate was freeze
dried,

The isolated oligosaccharides were studied for: (1) reducing power (2)
hygroscopicity.

Reducing power and hygroscopleity of glucose polymers were found to be
related to the molecular weight of the sugars., Since physical and chemical
propertics of oligosaccharides are related to chain length, it can be con-
clucded that the oligosaccharides ;solated from corn syrup are menbers of

homologous series of maltodextrin,
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APPENDTY
Reagents
1. Potassium ferricyanide solutien:

Dissolve 16.5 g. of potassium ferricyanide and'22 g. of sodium carbonate
in water and make up to one liter (0.2 M carbonate). Age the solution for
three days and store in brown bottles away from sunlight.

2. Zinc sulfate~potassium chloride-acetic acid solution:

Dissolve 20 g. of zinc sulfate heptahydrate, 70 g, of potassium chloride
and 200 ml. of glacial acetic acid in water and make up to one liter.
3. Potassium lodine solution:

Jissolve 200 g, of potassium iodine in water and make up to one liter,
L4 Sodium thiosulfate solution, 0.05 N:

Dissolve 12,) g. of sodium thiosulfate pentahydrate in boiled water and
make up to one liter. tandardize the thiosulfate against reagent grade
potassium dichromate. 3.2 g. of borax may be added per liter of solution to
prevent spoilage,

5. Starch indicator:

Pour slowly 5 g. of soluble starch slurried in 20 ml, of water into a
Stirred boiling salt solution containing 150 g. of sodium chloride in 480 ml.
of water. The cooled starch suspension should remain stable for several

months,

All sugars (Gl to G6) were dried in vacuum oven for 2l hours at 70°C

urder a vacuum of 27 in, of mercury,
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The present investigation was undertaken to separate and identify the
oligosaccharides present in corn syrup and to study their physical and
chemical properties.

Two cormercial corn hydrolysates, one with 43 D.E. and other of very
lover D.E. have been used as a source of oligosaccharides. One chromatographic
colwm 6" x 121, made of pyrex glass was filled with activated carbon (G-60)
and celite -5H5 (60:40). The colwm was packed with carbon-celite in the fornm
of a siurry. A secopd column was charged with 50:50 mixtu;e of granular and
powder carbon (G-60). Each colwm was charged with L50 gm. of hydrolysate and
separation of oligosacchgrides was followed with stepwise increase in concen=-
tration of ethyl alcohol. Presence of sugar in eluate was estimated by a
phenol-sulfuric acid method, Purity of eluate was tested by a paper chrona-
tography. Chromatographically pure maltotetraose, maltopentaose and malto-
hexaose were obtained after concentration and freeze drying the eluate, Paper
chromatographic separation identified_these oligosaccharides as members of a
homelogous series of the malto-oligosaccharides,

The isolated oligosaccharides were studied for (1) reducing power, (2)
hygroscopicity and (3) solubility.

| Reducing power was studied by the Schoch and Jensen procedure for deter=

mining the ferricyanide number of glucose and glucose polymers, It was
observed that reducing power decreased as the chain length increases from G1
to Gé.

Certain products, because of strong residual valence forces, exhibit
hygroscopicity, i.e., an ability to absorb large quantities of water through
hydrecgen bonding. To measure hygroscopicity in the oligoesaccharides, changes

in weight under various relative humidities as a function of time were measured,



Studics on hygroscopicity indicate that hygroscopicity of glucose polymers
depenced on relative humidity and temperature.

Water soluble and insoluble fractions of isolated oligosaccharides were
separated, freeze dried and tested for solubility and presence of carboaycrate.
The tesus indicated that glucose polymers (Gl to G6) are water soluble and the
insoluble residue which was non-carbohydrate in nature was leached from colwm
or from processing of eluate at some stage during evaporation and/or freeze
drying. The insoluble residue was colloidal in nature and had very high

adsorpiion power for the oligosaccharide,



