J. Agric. Food Chem. 1990, 38, 383-387 383

Reichert, R. D. Quantitative isolation and estimation of cell wall
material from dehulled pea (Pisum sativum) flours and con-
centrate. Cereal Chem. 1981, 58, 266.

Reichert, R. D.; Tyler, R. T.; York, A. E.; Schwab, D. J.;
Tatarynovich, J. E.; Mwasaru, M. A. Description of a pro-
duction model of the tangential abrasive dehulling device and
its application to breeder’s samples. Cereal Chem. 1986, 63,
201.

Sefa-Dedeh, S.; Stanley, D. W.; Voisey, P. W. Effect of storage
time and conditions on the hard-to-cook defect in cowpeas
(Vigna unguiculata). J. Food Sci. 1979, 44, 790.

Shibuya, N.; Nakane, R.; Yasui, A.; Tanaka, K.; Iwasaki, T. Com-
parative studies on cell wall preparations from rice bran, germ
and endosperm. Cereal Chem. 1985, 62, 252.

Singh, K. B.; Erskine, W.; Robertson, L. D.; Nakkoul, H.; Williams,
P. C. Influence of pretreatment on cooking quality parame-
ters of dry food legumes. J. Sci. Food Agric. 1988, 44, 135.

Sosulski, F. W.; Dabrowski, K. J. Composition of free and hydro-
lyzable phenolic acids in the flours and hulls of ten legume
species. J. Agric. Food Chem. 1984, 32, 131.

Stanley, D. W.; Aguilera, J. W. A review of textural defects in
cooked reconstituted legumes - the influence of structure and
composition. J. Food Biochem. 1985, 9, 277.

Varriano-Marston, E.; Jackson, G. M. Hard-to-cook phenome-
non in beans: structural changes during storage and imbibi-
tion. J. Food Sci. 1981, 46, 1379.

Vindiola, O. L.; Seib, P. A.; Hoseney, R. C. Accelerated devel-
opment of the hard-to-cook state in beans. Cereal Foods
World 1986, 31, 538.

Received for review May 12, 1989. Accepted September 12, 1989.
This research was supported by grants from the Saskatchewan
Pulse Crop Development Board, Saskatchewan Agriculture-
Agriculture Development Fund, Regina, and Saskatchewan
Research Council, Saskatoon.

Registry No. K*, 7440-09-7; Ca%*, 7440-70-2; Mg?*, 7439-
95-4; P, 7723-14-0; PA, 83-86-3; lignin, 9005-53-2; low-methoxyl
pectin, 9049-34-7; water, 7732-18-5.

Changes in Nonvolatile Acids, Sugars, Pectin, and Sugar Composition of
Pectin during Peach (Cv. Monroe) Maturation

Glenn W. Chapman, Jr.,” and R. J. Horvat
R. B. Russell Agricultural Research Center, USDA—ARS, P.O. Box 5677, Athens, Georgia 30613

Changes in soluble sugars, nonvolatile acids, pectin content, and the sugar composition of isolated
pectin were determined during Monroe peach maturation from 80 days after flowering (DAF) until
about 2 weeks after the beginning of fruit drop (130 DAF). Sucrose and sorbitol showed the largest
changes of all carbohydrates measured. Quinic was the major acid in immature fruit but rapidly
decreased during maturation. Malic became the major acid during final growth stages, and the increase
in malic acid to citric acid ratios closely paralleled the time at which sucrose reached maximum lev-
els. Total pectin levels increased linearly in immature fruit but leveled off about the time sucrose
began its second sigmoidal increase. The carbohydrate composition of pectin also changed more dur-
ing the linear increase in total pectin but remained fairly constant after total amounts leveled off,
The time at which sucrose levels and malic acid to citric acid ratios reached maxima and quinic acid
levels were lowest could be used as reliable indices of peach physiological maturity.

Most research conducted on compositional changes dur-
ing peach maturation has focused on soluble solids, total
sugars, reducing sugars, and titratible acidity as reliable
indices of physiological maturity (Sistrunk, 1985; Kader
et al., 1982). With improved analytical techniques, indi-
vidual sugars and nonvolatile acid components have been
determined during maturation on a variety of peach cul-
tivars (Ishida et al., 1985; Sandhu et al., 1983; Chalmers
and van den Ende, 1975; Li and Woodroof, 1968). These
studies give a more realistic approach to the biochemis-
try involved in fruit maturation and the relationship of
the levels of sugars and acids to physiological maturity.
However, there is very little information available in the
literature on the changes in individual carbohydrates and
nonvolatile acids relative to peach maturation in culti-
vars grown in the Southeastern United States. Also, infor-
mation is lacking on the development of pectin content
and composition during peach maturation. The pur-
pose of this study was to monitor the changes in these
components during maturation of Monroe peaches. Con-
sistent relationships between one or more components
may provide reliable indices of peach physiological matu-
rity.

MATERIALS AND METHODS

Plant Material. Peaches were obtained from trees (cv. Mon-
roe) grown at the University of Georgia Horticultural Farm (Wat-
kinsville, GA). The trees were about 4 years old and received
adequate rainfall and/or irrigation during the summer of 1988.
Twelve peaches were hand-harvested at intervals during mat-
uration (June 20-Aug 15), starting at 81 days after flowering
(DAF) until about 2 weeks after the beginning of fruit-drop
(130 DAF). Individual peach diameters (long axis) were mea-
sured with a vernier caliper to ensure sample uniformity. The
average fruit weight (10-12 peaches) was also obtained.

Sugars and Nonvolatile Acid Determination. Two rep-
licate samples of about 5-6 g of fresh mesocarp tissue were diced
with a sharp knife and ground with a mortar and pestle in 75%
ethanol. The tissue was allowed to extract for 10 min, brought
to a final volume of 25 mL (75% ethanol), and then filtered
through Whatman No. 4 filter paper. Aliquots of the extract
(0.5 mL) were dried under a slow stream of dry nitrogen and
sugars and nonvolatile acids determined by capillary GLC as
previously described (Chapman and Horvat, 1989).

Pectin Extraction, Determination, and Carbohydrate
Composition. Fresh mesocarp tissue (10-15 g) from each har-
vest was prepared as above and allowed to extract for 10 min
in 150 mL of 75% ethanol. The extract was filtered and the
pulp washed with three portions of 150 mL of 75% ethanol

This article not subject to U.S. Copyright. Published 1990 by the American Chemical Society
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Figure 1. Changes in fresh weight and total pectin in Monroe
peaches during maturation. Pectin is expressed as total amount
extracted from whole peach based on fresh mesocarp tissue.
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Figure 2. Changes in sugars and sugar alcohols during peach
maturation.

with use of a coarse sintered-glass filter under vacuum to remove
all soluble sugars. The washed pulp was quantitatively trans-
ferred to a small beaker and extracted with 25-30 mL of 0.03
M HCI at 85 °C for 1 h to remove peach pectin (Baig et al.,
1982; Gierschner, 1981). The acidic extract was filtered through
four layers of cheesecloth and the volume measured in a grad-
uated cylinder.

A 1-mL portion of this extract was diluted to 25 mL in a vol-
umetric flask. Pectin determinations were essentially the method
of Blumenkrantz and Asboe-Hansen (1973), except volumes used
for color development in these determinations were 1.0 mL of
sample, 6.0 mL of H,80,/0.012 M Na,B,0,, and 0.1 mL of
0.15% 3-phenylphenol (0.5 N NaOH). Also, the tubes could be
cooled in a water bath (room temperature) rather than with
ice, without affecting results. The amount of peach pectin deter-
mined was based on standard curves prepared with the above
reagents, citrus pectin and p-galacturonic acid (Sigma Chemi-
cal Co., St. Louis, MO).

Peach pectin for carbohydrate composition was precipitated
from the acidic extracts by adding absolute ethanol to make
75% ethanol-water solutions. These solutions were refriger-
ated for 2 h and then centrifuged at 10400g for 10 min. Pellets
(pectin) were initially dried in a vacuum oven at room temper-
ature and then over a stream of nitrogen. The pectin was dis-
solved in 10~15 mL of 0.1 M acetate buffer (pH 4.3) for enzy-
matic hydrolysis. The concentrations of the pectin solutions
were determined as above, and it was found that at least 2 mg/
mL was necessary to obtain consistent carbohydrate composi-
tion during enzymatic reaction. Aspergillus niger pectinase (EC
3.2.1.15) and Trichoderma viride cellulase (EC 3.2.1.4; Sigma)
were used for the hydrolysis of peach pectin. The former was
dialyzed at 3 °C overnight against 200 volumes of 0.1 M ace-
tate (pH 4.3) to remove significant amounts of mannose found
in this preparation. Pectin (1.0 mL) was hydrolyzed by using
two enzymatic systems, one with pectinase (0.2 mL, 20 units)
only and the other with pectinase + cellulase (5 mg, 20 units)
at 30 °C for 45-60 min. The reactions were terminated by addi-
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Figure 3. Changes in major nonvolatile acids during peach
maturation.
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Figure 4. Changes in the malic acid to citric acid ratios dur-
ing peach maturation.

tion of 3 mL of absolute ethanol to precipitate unhydrolyzed
pectin and protein. The mixture was filtered through What-
man No. 4 filter paper and dried thoroughly with a stream of
nitrogen. Individual sugars were determined as oxime-trime-
thylsilyl derivatives and identifications confirmed by GC/MS
as described previously (Chapman and Horvat, 1989).

RESULTS AND DISCUSSION

The fresh weight increased from an average weight of
24 g (81 DAF) to 128 g at 140 DAF (Figure 1). There
was a significant drop in fresh weight observed between
140 and 143 DAF. The total level of pectin increased
from 81 to 123 DAF (Aug 1), then increased slightly until
140 DAF, and then decreased by 143 DAF. Approxi-
mately during the same period (123-137 DAF), sucrose
levels showed the greatest rate of increase (Figure 2). This
could be interpreted as the final fill-stage of Monroe
peaches, since the slower increase in pectin levels may
indicate the end of mesocarp cell growth; however, the
cells could still be in an active fill-stage since sucrose
levels increased significantly between 123 and 137 DAF
{second sigmoidal; Figure 2).

The major soluble sugars and sugar alcohols found in
Monroe peaches were sucrose, sorbitol, glucose, and fruc-
tose (Figure 2). Xylose, galactose, and inositol were also
detected but were <0.1% and, therefore, not reported.

From 81 to 95 DAF, sucrose levels changed very little.
The first sigmoidal increase in sucrose occurred between
95 and 109 DAF, followed by little change between 109
and 123 DAF. The second sigmoidal increase occurred
between 123 and 137 DAF (Figure 2). This pattern in
sucrose levels during maturation closely parallels double-
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Table I. Carbohydrate Composition of Monroe Peach Pectin after Hydrolysis with Pectinase from A. niger during Fruit

Maturation
composition at days after flowering

sugar® 81 87 95 104 109 117 123 126 130 134 137 140 143
arabinose 8.2 6.5 7.7 6.3 6.3 4.8 7.9 7.2 7.1 4.7 6.3 6.8 5.2
rhamnose 2.5 1.9 2.9 2.2 2.4 2.8 2.1 2.6 2.9 3.0 3.1 3.7 3.2
galactose 18.8 19.2 29.6 13.7 8.8 10.8 7.1 6.2 8.9 7.0 5.5 8.1 6.6
mannose 2.0 1.2 2.2 1.9 1.7 2.7 1.9 2.1 2.2 2.2 1.9 2.7 2.2
glucose 39 2.1 3.7 3.5 17 3.0 1.4 5.9 3.2 3.5 2.1 6.1 5.2
GalCOOH® 64.5 69.2 53.9 72.4 78.3 76.2 79.5 7.7 75.2 79.5 81.0 71.9 71.3

¢ Percent individual sugars of the total sugars obtained after hydrolysis. * GalCOOH = galacturonic acid.

Table II. Carbohydrate Composition of Monroe Peach Pectin after Hydrolysis with Pectinase + Cellulase (T. viride) during

Fruit Maturation

composition at days after flowering

sugar® 81 87 95 104 109 117 123 126 130 134 137 140 143
arabinose 6.0 6.3 5.4 5.8 6.0 4.9 8.1 6.4 55 5.0 6.1 5.9 4.3
rhamnose 1.8 1.7 1.9 1.9 2.3 2.6 2.3 2.3 2.4 2.8 2.8 2.3 3.1
galactose 27.6 20.7 21.4 15.8 124 15.6 11.3 13.2 12.7 9.5 9.2 10.0 10.3
mannose 1.6 1.0 1.3 1.5 1.7 2.0 1.9 1.8 1.9 2.2 1.8 1.4 2.0
glucose 21.8 11.1 7.5 125 12.2 15.0 8.8 13.2 12.8 11.5 8.1 12.9 104
GalCOOH? 41.1 59.2 62.5 62.4 64.7 60.2 68.0 61.5 65.4 69.9 71.9 67.2 70.9

¢ Percent individual sugars of the total sugars obtained after hydrolysis. * GalCOOH = galacturonic acid.
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Figure 5. Gas chromatographic profile: A, oxime—trimethyl-
silyl derivative of authentic galacturonic acid (peaks 6~12) (peak
13 is phenylglucose, internal standard); B, oxime-trimethylsi-
lyl sugars from enzymatic hydrolysis of Monroe peach pectin.
Peak identification: 1 = UNK; 2 = arabinose; 3 = UNK; 4 =
rhamnose; 5 = UNK; 6, 7 = isomeric peak of galacturonic acid;
8 = galactose; 9 = mannose; 10 = glucose; 11, 12 = galacturonic
acid; 13 = phenylglucose.

sigmoidal growth curves observed in most soft and stone
fruit varieties (Chalmers and van den Ende, 1975; Romani
and Jennings, 1971).

Sorbitol levels increased to a maximum at about 109
DAF, remained fairly constant until 130 DAF, and then
declined for the rest of the maturation period (Figure 2).
Sorbitol and sucrose are thought to be biosynthesized in
leaves and then translocated to the developing fruit from
a variety of plants (DeVilliers et al., 1974; Bieleski and
Redgwell, 1985; Ishida et al., 1985). Radiolabeling exper-
iments also suggest that some of the sorbitol is con-
verted into sucrose in peach mesocarp tissue (Ishida et
al.,, 1985). Therefore, the drop in sorbitol levels we
observed 130 DAF may indicate the final production of
sucrose in mesocarp tissue, since sucrose levels reached
maximum levels at 137 DAF and dropped significantly
about 1 week later (143 DAF). The levels of glucose and

fructose remained fairly constant during the entire mat-
uration period and were almost identical in amounts.

The major nonvolatile acids quantitated were malic,
citric, and quinic acids (Figure 3). Succinic acid was also
found at all maturity stages, but the levels were <0.1%
and were not reported. Initially, quinic was the major
acid extracted but rapidly declined from 81 to 126 DAF
and then remained constant for the rest of the growth
period (Figure 3). Citric acid levels remained constant
until 109 DAF and then also declined. However, citric
was the major acid from 109 to 117 DAF. Malic acid
levels remained fairly constant until 123 DAF, increased
rapidly for the next 7 days (130 DAF), and then declined
for the rest of the growth period (Figure 3). After 123
DAF, malic became the principle acid and, conse-
quently, the malic acid to citric acid ratio steadily increased
to a maximum (Figure 4). Increases in malic acid to cit-
ric acid ratios have also been observed during ripening
of other peach cultivars both on and off the tree (Li and
Woodroof, 1968). The time of maximum sucrose levels
at 137 DAF (Figure 2) almost coincided with the maxi-
mum malic acid to citric acid ratio (Figure 4). If it is
assumed that maximum levels of sucrose occur precisely
at the time mesocarp cells reach full development, then
these measurements could be used as a reliable index for
physiological maturity in peaches.

The major sugars found in Monroe peach pectin after
enzymatic hydrolysis with either enzyme system were ara-
binose, rhamnose, galactose, mannose, glucose, and galac-
turonic acid (Tables I and II). The identification of oxime—
trimethylsilyl sugars in these preparations were based on
GLC retention times and also confirmed by GC/MS (Chap-
man and Horvat, 1989). We have found that most reduc-
ing sugars yielded two GC peaks by the analytical pro-
cedure described. The peak ratios were about 4:1, with
the larger peak being used for quantitation of a given
reducing sugar. Galacturonic acid yielded four isomeric
peaks with this procedure (Figure 5A); however, it did
not interfere with the other sugars of interest (Figure
5B). The larger two peaks (11 and 12, Figure 5B) of the
oxime-trimethylsilyl galacturonic acid were chosen for
quantitation since their peak areas could be summed by
the Hewlett-Packard 3392A integrator. Xylose and fucose
have also been reported in significant levels from other
fruit and plant pectins (Carpita, 1989; DeVries et al., 1981;
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Baig et al., 1980). We observed these two sugars in only
trace amounts from pectins isolated in this study.

At early stages of maturation (81-123 DAF), the rate
of increase of pectin levels in mesocarp tissue was high-
est (Figure 1). During this same period, the sugar com-
position of pectin also showed a greater compositional
change. The percentage of galactose decreased signifi-
cantly, while galacturonic acid increased up to 123 DAF
(Tables I and II). The percentage of glucose also decreased
significantly in the dual-enzyme system (Table II). As
the total amount of pectin appeared to level off (123-
143 DAF, Figure 1), the sugar composition of pectin
appeared to change very little during this same growth
phase (Tables I and II). However, the levels of malic
acid and sucrose continued to increase substantially from
123 to 143 DAF (Figures 2 and 3).

Significant differences in the sugar composition of pec-
tin were observed when the polymer was hydrolyzed with
either pectinase alone or with pectinase + cellulase. The
major difference between the two hydrolytic reactions
was an increase in the percentage of glucose in pectin
composition in the system with both enzymes. Galactu-
ronic acid was the major sugar hydrolyzed from pectin
in either enzyme system. Galacturonic acid percentages
increased from about 41 to 65% at an immature growth
stage (81 DAF) to about 77.4 + 3.0% with pectinase and
68.2 £+ 3.7% with the dual-enzyme system at more mature
stages (123-143 DAF, Tables I and II).

The percent hydrolysis could be computed based on
measured pectin concentrations and from quantitative
sugar data obtained after enzymatic hydrolysis. The aver-
age percent hydrolysis of pectin with only pectinase was
about 27%, while the dual-enzyme system yielded about
47%. Several pectin samples were also hydrolyzed with
2 N trifluoroacetic acid at 130 °C for 2-3 h, but yields
were consistently low (10-12%). The results would indi-
cate that pectinase + cellulase yielded a more complete
hydrolysis of pectin. Several samples of isolated peach
pectin, at various growth stages, were also incubated 72
h with only cellulase. Results of several reactions revealed
no significant increase in free glucose. Therefore, the
hydrolysis using both enzymes may yield a more repre-
sentative carbohydrate composition of Monroe peach pec-
tin than when hydrolyzed with only pectinase.

The results also suggest that small polymers of cellu-
lose may be covalently attached to the main polygalac-
turonic acid chain during early fruit development, since
higher percentages of glucose were obtained after hydrol-
ysis.

The percentages of rhamnose and mannose in pectin
changed very little during maturation, and the levels lib-
erated were nearly identical by either enzymatic system.
These results could indicate that only pectinase was respon-
sible for their release (Tables I and II). The individual
sugars obtained from both hydrolytic reactions were con-
verted to micromoles based on the total amount of pec-
tin extracted at each maturity stage. From these data
the molar ratio of galacturonic acid to rhamnose was 26:1
from 81 to 123 DAF and 21:1 from 126 DAF to the end
of the maturation period. Rhamnose is thought to be
incorporated periodically into the main galacturonic acid
chain, and the galacturonic acid to rhamnose ratio has
been reported to be 25:1 from pectins isolated from sev-
eral plant sources (BeMiller, 1986). Our results substan-
tiate these findings.

On the basis of results of this study, parenchyma cells
of the mesocarp continue to increase in sucrose after cell
walls cease to grow since total pectin appears to level
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off. Likewise, the sugar composition of pectin remains
fairly constant during the final stages of peach matura-
tion. The time during maturation when sucrose levels
and the malic acid to citric acid ratio reached their max-
imum could be used as reliable indices of physiological
maturity in this peach variety. Other components that
are easy to analyze and could also be used for this pur-
pose would be the time during maturation when quinic
acid levels were lowest. Although significant changes were
observed in pectin levels and its sugar composition dur-
ing maturation, this component would not be suitable as
an index of maturity because analytical techniques are
tedious and time-consuming.

More studies are needed to determine whether maxi-
mum sucrose levels and the malic acid to citric acid ratio
do indeed indicate physiological maturity in peaches. The
relationship between photosynthesis, translocation, and
water availability also needs to be better understood, since
these are the primary factors controlling and producing
changes in these components, which ultimately affect fruit
maturity and quality after harvest.
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Studies on Vegetables. Investigation of an Arabinan from Parsnip

(Pastinica sativa)'

Igbal R. Siddiqui” and John P. Emery
Food Research Centre, Agriculture Canada, Ottawa, Ontario, Canada K1A 0C6

An arabinan isolated from parsnip was shown by sedimentation studies to be homogeneous, and meth-
ylation revealed a highly branched structure. Hydrolysis of the fully methylated polysaccharide yielded
2,3,5-tri-O-methyl-L-arabinose (11 mol), 2,3-di-O-methyl-L-arabinose (20 mol), 3-O-methyl-L-arab-
inose (trace), 2-O-methyl-L-arabinose (7 mol), and vr-arabinose (2 mol). The general structural fea-

tures of the arabinan are discussed.

Arabinans are widely distributed in the plant king-
dom, being found in, among other things, seeds, vegeta-
bles, and fruits. These polymers tend to fall into two
groups: those that are associated with pectins and may
be released by alkaline degradation during the isolation
and fractionation procedures and those believed to be
natural homoglycans such as those found in mustard, soy-
bean, rapeseeds, and parsnip.

In order to eliminate the possibility of degradation due
to B-elimination, very mild conditions were used for the
removal of starch and subsequent fractionation and puri-
fication of an arabinan from parsnip. The present com-
munication deals with the general structural features of
this polysaccharide.

EXPERIMENTAL SECTION

The general experimental methods have been reported pre-
viously (Siddiqui, 1990).

Removal of Starch. The 80% ethanol insoluble residue (60
g) (Siddiqui, 1990) from parsnip in 0.2 M acetate buffer (pH
4.50) (2.5 L) was treated with (800 mg) amyloglucosidase
(Aspergillus orysae; Sigma). The surface was layered with tol-
uene, and the suspension was stirred for 48 h, at room temper-
ature. The digested material was dialyzed (Spectrapore mem-
brane tubing, diameter 32 mm, molecular weight cutoff 12 000-
14 000) for 48 h against running tap water and 4 h against distilled
water. The sample following concentration to a thick slurry
(1.5 L) was added to ethanol (4 volumes) and allowed to settle.
The clear supernatant was removed by siphoning and filtra-
tion, and the insoluble residue was washed with ethanol and
acetone and air-dried for 24 h to yield a dry fluffy residue (25
g).

The clear supernatant was concentrated to a small volume
and freeze-dried to yield the 80% ethanol soluble fraction (1
g). Acid hydrolysis of a portion (5 mg) with 72% sulfuric acid

* Contribution No. 816 of the Food Research Centre,
Agriculture Canada, Ottawa, Canada.
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Table I. GLC and CI-MS Data for Sugars from
Methylated Arabinan

ret time
(acetate), molar CI-MS mode of
compound min ratio [MH?)] linkage

2,3,5-trimethylarabinitol 0.77 11 279  L-Araf-(1—~
2,3-dimethylarabinitol 0.86 20 307 —5)-L-Araf-(1—
2-methylarabinitol 0.93 7 335  —3,5)-L-Araf-(1—
3-methylarabinitol 0.95 trace 335 —2,5)-L-Araf-(1—
arabinitol 1.00 2 303  —2,3,5)-L-Araf-(1—

(general methods) showed mainly glucose and arabinose with
traces of galactose, mannose, xylose, and uronic acid.

Fractionation of Polysaccharides. The polysaccharide (~1
g, ethanol soluble fraction) was fractionated on a column (3 X
35 cm) of DEAE-cellulose (borate form) (Neiekom and Kuen-
dig, 1965). Elution with water (600 mL), with collection of efflu-
ent in 10-mL fractions, yielded two water-eluted fractions, W,
(tubes 15-27, negative rotation) and W, (tubes 29-50, positive
rotation). Gradient elution with 0-0.5 M sodium metaborate
(1 L) gave an acidic fraction. The neutral fractions were dia-
lyzed (20 h against running tap water, 4 h against distilled water)
and freeze-dried to yield materials W, (124 mg) and W, (154
mg). The borate fraction was acidified with acetic acid and
similarly recovered following dialysis and freeze-drying to yield
acidic material (180 mg).

GLC of alditol acetates prepared from the hydrolysates of
W, and W, following reduction and acetylation (general meth-
ods) showed arabinose (83.2%), galactose (7.4%), glucose (8.2%),
and mannose (1.2%) in the former and arabinose (16.9%), galac-
tose (2.3%), and glucose (80%) in the latter.

Further Purification of the Arabinan. Fraction W, (119
mg) was fractionated on a column (2.5 X 30 cm) of Sephadex
G-75 (Granath, 1965). Elution with water, with collection of
effluent in 10-mL fractions, yielded fraction 1 (tubes 1-25, pos-
itive rotation) and fraction 2 (tubes 27-45, negative rotation).
Fraction 2 (68 mg) was recovered following concentration and
freeze-drying.

Paper chromatography of a hydrolysate revealed arabinose
with a trace of glucose.
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