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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 4%. The difference in the carbohydrate content 
as between hydrolysis with 0.9N and 5.3N tIC1 was sometimes fourfold. A higher content of 
hexoses than of pentoses was generally found. 

T h e  p r o b l e m  of  compos i t ion  as well  as f o r m a t i o n  of  h u m u s  s u b s t a n c e s  
has  been  f r e q u e n t l y  a p p r o a c h e d  in t he  p a s t  a n d  even  a t  p r e sen t  receives  
cons iderable  a t t en t ion .  A m o n g  the  v a r i e t y  of  c o m p o u n d s  found  in s amples  
of  humic  acids,  one should  also m e n t i o n  the  c a r b o h y d r a t e s .  The  ques t ion  of  
t he  p resence  of  c a r b o h y d r a t e s  in h u m u s  subs t ances  is still  n o t  qui te  clear.  
The  c a r b o h y d r a t e  con t en t  f ound  is genera l ly  low, m o s t  au tho r s  cons ider ing  
i t  as an  a d m i x t u r e  (Ko~covA 1963). 

The  resu l t s  o f  our  ear l ier  w o r k  (I-IAV~X~KOVX, TICH:~ 1966) where  we 
e x a m i n e d  the  d y n a m i c  changes  in the  c a r b o h y d r a t e  f r ac t ion  of  h u m u s  f rac-  
t ions,  as t h e y  are  f o r m e d  b y  g r a d u a l  humif iea t ion  of  spruce  wood  b y  the  
fungus  Fomes  marginatus, po in t  to  the  i m p o r t a n t  role of  c a r b o h y d r a t e s  in 
the  h u m u f i c a t i o n  process.  I t  is the  a im  of  the  p r e sen t  c o m m u n i c a t i o n  to  
consider  in de ta i l  the  con t en t  of  c a r b o h y d r a t e s  in the  h igh -molecu la r  f rac-  
t ions  of  h u m u s  subs tances .  

Material and Methods 

Three  samples  of  h u m u s  subs t ances  were  chosen for  th is  work :  
Samp le  I :  h u m u s  acid  (p roduced  b y  the  I n s t i t u t e  for  Scientific Resea r ch  o f  

Coal, us ing  n o r t h e r n  B o h e m i a n  humol i te ) .  
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Sample II: tIumuss/iure Riedel-de-tIaen, Batch l~os. 58217 11047 27651. 
Sample III:  tIumussaure l~iedel-de-Haen, Batch l~os. 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 0.11~-]qaOH, the humic and hymatomelanic acids were precipit- 
ated by an addition of 0.51~-H2S04 (pH 3). After filtration the components 
were separated on the basis of their different solubility in 96 ~o 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 36~o HCI 
and distilled water added to make the volume 11 ml. In this way, a series 
of solutions of rising ttCl concentrations was obtained (0.9N, 1.81V, 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 (1VIAL- 
PI~ESS, MORRISON 1949). After removing pyridine, the sugars were dissolved 
in 1 ml of 10% isopropanol. The carbohydrate content in the hydrolyzates 
was followed by paper chromatography; they were separated on Whatman 

Table  1 

Suga r  c o n t e n t  o f  h y d r o l y z a t e s  o f  h u m u s  f rac t ions  

Sample  
Frac  - 
t ion  

HC1 
5[ 

Sugar  c o n t e n t  of  f rac t ion  
in  % of  d r y  weight  

X Y  A R  MA GL GA 

~ o C O n  - 

t e n t  o f  
pen tosc  

To t a l  
% c o n -  earbo-  
t e n t  o f  
hexose  h y d r a t e  

in % 

H U  

H Y  

0.9 0.10 0.01 0.05 0,09 0.02 
1.8 0.13 0.01 0.06 0.12 0"03 
5.3 0.22 0.08 0.23 0.24 0.08 

0.9 0.18 0.03 0.18 0.13 0.03 
1.8 0.27 0.06 0.08 0,18 0.08 
5.3 0.67 0.20 0.40 0,67 0.13 

0.11 0.16 0.27 
0.14 0.21 0.35 
0"30 0-55 0.85 

0.21 0.34 0.55 
0.33 0.34 0.67 
0.87 1-20 2"07 

0.9 0.94 0.12 0.31 0.94 0.12 
H U  1.8 0.88 0.11 0.28 1.15 0.11 

5,3 1.40 0.31 1.09 1.16 0.12 
I I  

0.9 0.06 0.02 0.10 0.29 0.01 
B Y  1.8 0.20 0-04 0.23 0.31 0.10 

5.3 . 0.51 0.10 0.64 0.70 0.26 

0.9 0-38 0.06 0.06 0.14 - -  
H U  1-8 0.55 0.05 0.10 0-28 --  

5,3 0.92 0.18 0.36 0.55 0.09 
I I I  i 

0.9 i 0.09 0.02 0.07 0.09 0.06 
H Y  1.8 0.12 0.03 0.09 0.11 0.08 

5.3 0.30 0.09 0.17 0.23 0.10 

1.06 1.37 2.43 
0.99 1.54 2.53 
1.71 2.37 4.08 

0-08 0.40 0.48 
0.24 0.64 0.88 
0.61 1.60 2.21 

0.44 0.20 0.64 
0.60 0.38 0.98 
1.10 1.00 2.10 

0.11 0.22 0.33 
0.15 0.28 0.43 
0.39 0.50 0"89 

Abbrev ia t i ons :  H U  h u m i c  acids ,  H Y  h y m a t o m e l a n i c  acids,  X Y  xylose ,  GL  glucose,  A R  
arab inose ,  GA galac tose ,  MA m a n n o s e .  
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1. C h a n g e s  in t he  c o n t e n t  o f  pen toses ,  hexoses  a n d  t o t a l  c a r b o h y d r a t e  in h y d r o l y z a t e s  o f  
h u m u s  f rac t ions  in dependence  on t h e  concen t r a t i on  o f  the  ac id  used .  --  A: f rac t ion  o f  
h u m i c  acids,  s amp l e  I ;  ]3: f rac t ion  of  h y m a t o m e l a n i c  acids ,  s amp le  I ;  C: f rac t ion  o f  
h u m i c  acids ,  s amples  I I  a n d  I I I ;  D:  f rac t ion  of  h y m a t o m e l a n i e  acids,  s amp le s  I I  a n d  I I I .  
Absc issa :  I tCl  (N); o rd ina te :  suga r  c o n t e n t  in % of  f rac t ion  d ry  weight .  O s amp le  I ,  I I  
�9 s amp le  I l I ,  pen toses ,  - -  . - -  . --  �9 hexoses ,  - - - -  t o t a l  c a r b o h y d r a t e .  
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Fig. 2. Content  of sugars in hydroly- 
zates of humus  fractious of 
sample I(a), I I (b)  and  III(e).  
The values show the  % of su- 
gar content  found in hydroly- 
zates t rea ted  with 0.9N-HC1. 
Abscissa: sugar content  in % ; 
H U  humio acids, H Y  hymato-  
melanic acids, A hydrolyzate  
after  1.8N-HC1, B hydrolyzate  
af ter  5.3N-HCI. 

x y l o s e , / / ~  arabi~aose, 
~ u n o s o ,  I\\~\~\J--~gluco~, IIIll[[IJ ga- 
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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 2 ~ phthalic acid was added to 
the mobile phase, the dry chromatogram was passed through 2 ~o aniline in 
ether and heated in an oven for 3--4 rain 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 (HAm, 
MACEK 1959). The error of the method used was 12--15%. 

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 RF 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 - - H I  in 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 I I  was 
higher than in the corresponding fractions of Sample IrI ,  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 III. The same ratio of hexoses and pentoses 
was found in our previous paper (HAVRX~CKOV=&, TIC~? 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 HC1 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 I I  
and I I I  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 4% (fraction of 
humic acids, Sample II). In most cases it varied between 0.3- and 2-5%, 
depending on the extent of hydrolysis. I f  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 stabil i ty 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 tha t  sugars represent a component,  
the presence of which in the hydrolyzates of humus substances of different 
origin is characteristic for the sample. We should cite here the works b y  
FORSYTH (1947) and b y  ROULET (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 b y  
COULSON and co-workers (1959); LYNCH and collaborators (1957) determined, 
in addition to a number  of monosaccharides, several related compounds 
(uronic acids, sugar alcohols, amino sugars and sugar methyl  derivatives). 
HAVR~NKOV~ and TICH~ (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. I f  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 (I~ARCUSSON 1926), one might assume tha t  the fraction 
of sugars in the composition of humus substances will be higher. M~_a- 
cussoN (1926) states tha t  t rea tment  of humic acids of decomposed wood 
with concentrated hydrochloric acid yields as much as 20% 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 tha t  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 s tandard 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 quanti tat ive content of the various com- 
ponents. 
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Byl  sledovhn vliv vzrflstajici koacentraco kyseliny chlorovodikov6 n a  kval i ta t ivni  a kvanti .  
t a t ivn i  obsah glycid4 v hydrolyzg~tech humusov~ch frakcl. Ze t~i prepars humusov~ch kysoli~ 
byly  obvykl~m zpflsobem zlsks frakco humlnov~ch a hymatomolanov:~ch kyselin. Obsah gly- 
cidfi v hydrolyzs byl urSen po jejich chromatografick6m rozd61eai na  papi~o W h a t m a n  I 
za pou~iti Par t r idgeovy soustavy po detekci kysel~ra auil inftalhtem. V~sledky uk~zaly, ~o kvali- 
t a t ivn i  obsah glycidd v hydrolyz~teeh v6tfiiny humusov~eh frakei uvedea~ch vzorkfi byl  steinS. 
So vzrhstaj ie i  koncentraci  kyseliny so obsah hydrolyzovateln:~ch glycidfi obvykle zvy~oval, 
pfi  6em~ eelkov~ obsah cukrfi v hydrolyzs  nopSos~hl 4 ~/o. Rozdil v obsahu glycidd pfi  hydrolyzo 
0,9 a 5,3 ~ HCI byl  v n6kter~ch pHpadeeh a~ 5ty~nksobn~r. Obvykle byl zji~t6a vyw167 obsah hexes 
ne]f pontes.  

}:n I~ABPAHKOBA, Ka/~e~pa ~ a ~ o a o r ~  pacTeUUfi ~ 6uoJIormi ~OgB~, RapaoB ynHBep- 
C~TeT, Hpara :  OTnocn~ea~,noe co~lep~anne yraeao~Ioa a CocTaBe uenlecTa ryMyca. - -  Biol .  
P l a n t .  9 : t 0 2 - - 1 0 8 ,  t967.  

]~Iccne;~o~aaocb n~i~t~rtHe BoapacTa~OlaHX KoHi~enTpau~fi xaop~cTOnO~OpO~UOfi I~CnOTU 
na  KagecTBeauoe rt Kon~gecTBeuaoe co~epmauI~e yr:teBo~oB a rn~poaaaaTax  ry~ tycuux  

p a ~ f i .  Ha Tpex npeuapaToB ryMycnux  H~C~OT 5U~H 05UgH~M CUOC060~ uo~yge~u  
aK~gg ryM~uoB~x ~ rgMaToMeJIaHoB~x KgC~OT. Co~epmaane yr~cnono~ ~ r n ~ p o ~ a a T a x  
no oupe~e~e~o ,ioc~e ~x x p o M a w o r p a ~ e c n o r o  p a a ~ e ~ e ~ u  ~a ~yMare ~J-OTMatt i C up~-  

~ e ~ e ~ e M  Ct~CTeMhI pacTnop~we~efi H a T p ~ m a  ~ J~eweKl~ an~IrIH~waJIawov[. Pe3yJIbWaThl, 
u p ~ a e ~ e ~ u e  n TaS~I~i~e ~ Ha r p a ~ u u a x  IloI~aaaJIII, qTO KagecTneHnh[~ COCTa8 yr~eBo~o~ 

r ~ p o ~ a a a T a x  6OJIb~II~IHCTBa ryMycn~x q~panq~fi oSpaa~oa 6u~  O~H~aI{OBhIM. C Boa- 
pacTaiomefi uo~e~TpaK~ef i  K~C~OTU KOJ~geCTBO yr~1eBO~OB o6htg~o nOBhnUaJ~ocb, up ,geM 
o6mee c o ~ e p m a ~ e  yraeao~oB ~ r ~ p o ~ a a T e  ne  npe~ucu~o  4%.  Co~epmanae  yr:*e~o~oa 
up~ rn~Ipo~uae 5,3 n o p u a ~ o f i  xa0p~cTo~o~opo~of i  ~nC~OTOfi 5U~0 B ne~oT0p~tx c~yga~x  

4 paaa  6 0 ~ m ~ M ,  geM npg  r ~ p o ~ a e  0,9 nOpMaZIhnOfi I~C~IOTOfi. 0 6 u g n o  6 ~ o  ycwal~o~- 
~eno 6oJ~hmee co~epmaune reKco3, gem nenTo3. 


