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Abstract. The effect of different concentrations of hydrochloric acid on the qualitative an
quantitative content of carbohydrates in humus fraction hydrolyzates was investigated. Three
humic acid preparations were subjected to the usual procedure for obtaining fractions of humic
and hymatomelanic acids. The carbohydrate content of the hydrolyzates was determined after
their chromatographic separation on Whatman 1, using the Partridge system and detection
with acid anilin phtalate. The results showed that the qualitative carbohydrate content in the
hydrolyzates of most humus fractions of samples used was identical. With increasing acid con-
centrations the amount of hydrolyzable carbohydrates usually increased, the total amount of
carbohydrate in the hydrolyzate not exceeding 49, . The difference in the carbohydrate content
as between hydrolysis with 0-9N and 5-3N HC! was sometimes fourfold. A higher content of
hexoses than of pentoses was generally found.

The problem of composition as well as formation of humus substances
has been frequently approached in the past and even at present receives
considerable attention. Among the variety of compounds found in samples
of humic acids, one should also mention the carbohydrates. The question of
the presence of carbohydrates in humus substances is still not quite clear.
The carbohydrate content found is generally low, most authors considering
it as an admixture (KoNova 1963).

The results of our earlier work (HavRANEKOVA, TicHY 1966) where we
examined the dynamic changes in the carbohydrate fraction of humus frac-
tions, as they are formed by gradual humification of spruce wood by the
fungus Fomes marginatus, point to the important role of carbohydrates in
the humufication process. It is the aim of the present communication to
consider in detail the content of carbohydrates in the high-molecular frac-
tions of humus substances.

Material and Methods

Three samples of humus substances were chosen for this work:
Sample I: humus acid (produced by the Institute for Scientific Research of
Coal, using northern Bohemian humolite).
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Sample II: Humussdure Riedel-de-Haen, Batch Nos. 58217 11047 27651.
Sample III: Humussiure Riedel-de-Haen, Batch Nos. 11657 11048 27651

(the starting material for these preparations is unknown).

For estimation we used 1 g of thoroughly ground sample. After dissolving
in 150 ml 0-1N-NaOH, the humic and hymatomelanic acids were precipit-
ated by an addition of 0-5N-H,SO, (pH 3). After filtration the components
were separated on the basis of their different solubility in 969, ethanol. The
fractions were converted to sodium salts and dialyzed against distilled water
until the disappearance of alkaline reaction.

Five ml of the fraction solution were mixed with 1, 2 or 6 ml of 369, HCl
and distilled water added to make the volume 11 ml. In this way, a series
of solutions of rising HCl concentrations was obtained (0-9N, 1-8N, 5-3N),
Hydrolysis took place in a sealed glass ampoule in a boiling-water bath
for 4 h. After filtration the hydrolyzates were dried in vacuo over KOH.
Sugars were extracted from the residue with anhydrous pyridine (MarL-
PRESS, MORRISON 1949). After removing pyridine, the sugars were dissolved
in 1 ml of 109, isopropanol. The carbohydrate content in the hydrolyzates
was followed by paper chromatography; they were separated on Whatman

Table 1
Sugar content of hydrolyzates of humus fractions
) Sugar content of fraction 9 con- | 9% con- Total
Sample Frac- HCl in % of dry weight tent of | tent of | 3P0
tion N hydrate
XY AR MA GL GA | pentose | hexose | "4~ %
09 | 010 001 005 009 002 0-11 0-16 0-27
HU 1-8 0-13 0-01 0-06 0-12 0-03 0-14 0-21 0-35
53 | 022 008 023 024 008 0-30 0-55 0-85
I
0-9 018 0-03 0-18 0-13 003 0-21 0-34 0-55
HY 1-8 0-27 006 0-08 0-18 008 0-33 0-34 0-67
53 0-67 020 0-40 067 0-13 0-87 1-20 2:07
0-9 0-94 012 0-31 094 012 1-06 1-37 2-43
HU 1.8 | 088 011 0-28 1-15 0-11 0-99 1-54 2-53
5,3 1-40 031 109 116 0-12 1-71 2-37 408
I
0-9 0-06 0-02 0-10 029 0-01 0-08 0-40 0-48
HYy -8 | 020 004 0-23 031 010 0-24 0-64 0-88
53 0-51 010 064 070 0-26 0-61 1-60 2-21
0-9 0-38 006 006 0-14 - 0-44 0-20 0-64
HU 1-8 | 0-35 005 010 028 — 0-60 0-38 0-98
53 | 092 018 036 055 0-09 1-10 1-00 2:10
III
09 | 009 002 007 009 0-06 0-11 0-22 0-33
HY 1-8 | 012 003 0-09 011 0-08 0-15 0-28 0-43
53 | 030 009 017 023 0-10 0-39 0-50 0-89

Abbreviations: HU humic acids, HY hymatomelanic acids, XY xylose, GL glucose, AR.
arabinose, GA galactose, MA mannose.
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Fig. 1. Changes in the content of pentoses, hexoses and total carbohydrate in hydrolyzates of
humus fractions in dependence on the concentration of the acid used. — A: fraction of
humic acids, sample I; B: fraction of hymatomelanic acids, sample I; C: fraction of
humic acids, samples IT and III; D: fraction of hymatomelanic acids, samples IT and ITI.
Abscissa: HCI (N); ordinate: sugar content in %, of fraction dry weight. O sample I, II
@ sample ITI, — — — — pentoses, — . — . — . hexoses, — total carbohydrate.
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Fig. 2. Content of sugars in hydroly-

zates of humus fractions of
sample I(a), II(b) and III(c).
The values show the 9 of su-
gar content found in hydroly-
zates treated with 0-9N-HCL
Abscissa: sugar content in 9% ;
HU humic acids, HY hymato-
melanic acids, A hydrolyzate
after 1.8N-HCl, B hydrolyzate
after 5-3N-HCL.
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No. 1 paper in n-butanol-glacial acetic acid-water (4:1 :5), developing
four times in the descending direction. Carbohydrates were detected with
acid anilin phthalate: during the fourth run 29 phthalic acid was added to
the mobile phase, the dry chromatogram was passed through 29 aniline in
ether and heated in an oven for 3—4 min at 105° C. The quantitative sugar
content was assessed by visual comparison of the colour intensity and the
size of the spot with a standard scale of a mixture of known sugars (HaIs,
Macexk 1959). The error of the method used was 12—159%,.

Results

The sugar content of hydrolyzates of humus fractions is shown in Table 1.
The qualitative monosaccharide content was almost the same in all frac-
tions. The hydrolyzates were found to contain xylose, arabinose, mannose,
glucose and galactose. In addition to the identified sugars, the chromato-
grams contained 1—3 spots with a low Ry which could not be identified.
With the detecting agent they gave a red-brown colour. The substantial
fraction of pentoses was represented by xylose, that of hexoses by glucose.

Fig. 1 shows the content of pentoses, hexoses and the total carbohydrate
in hydrolyzates of fractions of Samples I—IITin dependence on the extent of
hydrolysis. The sugar content is expressed as a percent of fraction dry weight.
The carbohydrate content in hydrolyzates of fractions of Sample II was
higher than in the corresponding fractions of Sample III, even though the
preparations had the same commercial designation and were produced by
the same firm. Both samples were characterized by a higher content of
hydrolyzable carbohydrates in humic acid fractions. On the other hand,
Sample I contained more sugars in the fraction of hymatomelanic acids.

A number of fractions contained more hexoses than pentoses. The ratio
remains identical even after more potent hydrolysis, with the exception of
humic acid fractions of Sample ITI. The same ratio of hexoses and pentoses
was found in our previous paper (HaAvRANKOVA, TicHY 1966) in the hydro-
lyzates of most high-molecular fractions of humus substances obtained from
spruce wood at various stages of decomposition. The material was decom-
posed by the fungus Fomes marginatus under laboratory conditions.

The rise in sugar content of hydrolyzates with increasing HCI concentra-
tions is best seen in Fig. 2. The sugar content in the sample with the lowest
amount of added HCI (1 ml) was taken as a basis for the per cent calcula-
tion of the sugar content in each fraction. The content of the individual
sugars in fractions did not rise parallelly with the increase in the concentra-
tion of the acid used for hydrolysis. In some hydrolyzates of Samples II
and IIT the content of galactose increased substantially when using this
type of calculation.

Discussion

The content of sugars in hydrolyzates of high-molecular humus substances
found in the present paper was low: it attained at most 49, (fraction of
humic acids, Sample 1I). In most cases it varied between 0-3- and 2-59%,
depending on the extent of hydrolysis. If one considers the possibility of
decomposition of split sugars in the presence of the acid, on the one hand,
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and the relatively high stability of humus substances toward the effect of
acid, on the other, it is disputable whether the conditions used were suf-
ficient for releasing most of the sugars intact and it is not clear what frac-
tion of sugars may have been destroyed during hydrolysis. This circum-
stance is to be pointed out in connection with the problem of non-uniform
increase in the sugar content of hydrolyzates with the acid concentration
increase.

The work of some authors indicates that sugars represent a component,
the presence of which in the hydrolyzates of humus substances of different
origin is characteristie for the sample. We should cite here the works by
ForsyrHa (1947) and by RouLer (1963) who determined sugar content in
low-molecular fractions of humus substances. The sugar content in the
high-molecular fractions of humus substances from soil was determined by
CouLson and co-workers (1959); Ly~or and collaborators (1957) determined,
in addition to a number of monosaccharides, several related compounds
(uronic acids, sugar alcohols, amino sugars and sugar methyl derivatives).
HavrAngkovA and T1cHY (1966) pointed out the presence of sugars in hydro-
lyzates of humus substances obtained from decomposed wood. The sugar
content found in humus substances is usually very low. If one considers
the theories accounting for the origin of humus substances in nature from
carbohydrates (e.g. from carbohydrates and amino acids; ENDERS 1942) or
from oxycellulose (MARcUSSON 1926), one might assume that the fraction
of sugars in the composition of humus substances will be higher. Mar-
CUSSON (1926) states that treatment of humic acids of decomposed wood
with concentrated hydrochloric acid yields as much as 209, of sugars, i.e.
a much higher content than could be established in the present and analo-
gous papers on humus substances of different origin.

When studying the properties of humus substances one need not know
their source with much accuracy. What we are interested in is to establish
the properties that are common to all substances considered as humus ones
and on the basis of such properties to define more closely the humus sub-
stances proper.

The results of this work showed again the difficulties in looking for a suit-
able standard to be used for studying the properties of humus substances.
With commercial preparations, even of the same name and producer, one
should not assume an identical quantitative content of the various com-
ponents.
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Byl sledovén vliv vzrastajici koncentrace kyseliny chlorovodikové na kvalitativni a kvanti-
tativni obsah glycidii v hydrolyzitech humusovych frakei. Ze tii preparati humusovych kyselin
byly obvyklym zpusobem ziskény frakee huminovych a hymatomelanovych kyselin. Obsah gly-
cidtt v hydrolyzatech byl urten po jejich chromatografickém rozdéleni na papife Whatman 1
za pouZiti Partridgeovy soustavy po detekei kyselym anilinftaldtem. Vysledky ukézaly, Ze kvali-
tativni obsah glycidit v hydrolyzatech vétiiny humusovych frakei uvedenych vzorki byl stejny.
Se vzrustajici koncentraci kyseliny se obsah hydrolyzovatelnych glycida obvykle zvySoval,
pti tem¥ celkovy obsah cukrt v hydrolyzatu nepfeséhl 4 %, . Rozdil v obsahu glycida pfi hydrolyze
0,9 a 5,3 N~ HCl byl v n8kterych pfipadech az étyfndsobny. Obvykle byl zjistén vyssi obsah hexos
nez pentos.

A. Tasranxosa, Hadenpa ¢usmonornu pacrenmit m Ouosorum nousst, Hapmos yausep-
curer, IIpara: OTHoCHTENBbHOE COAEPiKaHue YIVIEBOIOB B COCTaBe BemlecTB rymyca. — Biol.
Plant. 9 : 102—108, 1967.

UccnegoBaiioch BIUSAHAE BO3DACTAOIUX KOHIEHTpAUME XJIOPHCTOBOLOPOAHOH KHCJIOTHI
Ha K4YeCTBCHHOE U KOJIMYECTBEHHOE COJCPMKaHMe YIVIEBOJOB B THJIPOJIM3ATAX IYyMYCHBIX
gpaxunﬁ. W3 1pex mpemapaToB TYMYCHHX KHCIOT OIx OOBMHEIM ¢moco0OM HOJIy9eHE!

PaKONA I'YMUHOBHX H I'MMAaTOMEJIAHOBHX Kuca0T. CofepikaHue yIieBOJOB B TAAPOJIN3ATAX

EIJI0 ONIPeJIesIeHo Iocjle mX Xpomartorpadudeckoro paspgesenns Ha Oymare Yorman 1 ¢ upu-
MeHEHHeM CHCTeMEl pacrBopuTeneidl Ilatpmxa m ferexnum aHmiamH(TaaTOM. PesysbraTh,
NpHuBejieHHbe B ralinme u HA rpafmKax NMOKa3ajd, YTO KAa9eCTBEHHHIH COCTaB YIJIEBOJOB
B THApojH3aTax OoJBIIMHCTBA TyMycHRIX (paxnuii o6pasmoB Obur ogmAAKOBEIM. C BO3-
pacraomeil KOHIEHTPANueHl KHECIOTH KOJMYeCTBO yIEBOJOB OOHHYHO NOBBIIAIOCH, UPHYeM
obmee comep:KaHIe YIMIeBOJOB B rEApOJH3ate He HpeBHCwIo 4%. Cofepsanme yrieBoyioB
npa rEpoause 5,3 HOPMAIBHOM XJI0PHCTOBOOPONHON KUCIIOTOH OBIIO B HEKOTOPHIX CJIyYasax
B 4 pasa Gombuimm, wem npu rupposnuse 0,9 HopMaabHOR KncsoToi. O6sMA0 GRUIO yCTaHOB-
sieso GoJsibIoee cofiepsaEme TeKcod, IeM NEeHTO3.



