
plied Biochemistry and Microbiology Vol. 36, No. 3, 2000, pp. 250--254. Translated from Prikladnaya Biokhimiya i Mikrobiologiya, VoL 36, No. 3, 2000, pp. 293-298. 
ginal Russian Text Copyright �9 2000 by Volchatova, Medvedeva, Korzhova, Rudykh. 

Changes in the Composition of Hydrolyzed Lignin 
during Composting 

I. V. Volchatova, S. A. Medvedeva, L. F. Korzhova, and N. V. Rudykh 
Institute of Chemistry, Siberian Division, Russian Academy of Sciences, lrkutsk, 664033 Russia; 

fax: (359-2-) 39 6046; e-mail: admin@irioch.irk.ru 
Received February 15, 1999 

Abstract Microbial assemblages were composed for composting hydrolyzed lignin. Data on bioconversion 
of aromatic compounds with various types of substitution in the ring were used for this purpose. Composting of 
hydrolyzed lignin reduced the contents of lignin, low-hydrolyzable polysacchaxides, resins, and low-molecular- 
weight phenols and resulted in accumulation of humic acids. The resulting compost showed no phytotoxicity. 

The problem of environmental pollution with 
wastes of the paper-pulp and wood-chemical industries 
is urgent in the Irkutsk Region, where paper-pulp enter- 
prises produce about 400 000 tons of hydrolyzed lignin 
(HL) waste [1]. This waste occupies vast expanses and 
pollutes areas adjacent to the enterprises. 

Economic methods for HL utilization have been 
sought virtually since the origin of the paper-pulp 
industry, but many projects have not been implemented 
because of the complexity and variability of lignin 
composition, insufficient technological development 
and instrumentation of some stages, etc. For example, 
HL is proposed to be used for production of phenol- 
formaldehyde resins, sorbents for purification of waste 
water, and a drug (Polyfelan). However, only 2.7% of 
HL are utilized. Use of HL as a fuel may be promising 
only for its removal because of its low calorific value, 
but its potential as a natural organic material remains 
untapped. Microbial composting can restore HL to the 
natural carbon circulation. 

Hydrolyzed lignin doped with alkali admixtures, 
such as dung, was proposed to be used as a fertilizer 
[2]. Nevertheless, the cementing property of HL is 
known to impair soil texture [3]. Therefore, it is insuf- 
ficient to mix HL with organic additives to obtain a 
good fertilizer. 

One of the approaches to conversion of industrial 
lignin to organomineral fertilizers involves the use of 
microorganisms and their enzymes as delignifying 
agents, because lignin degradation is one of the main 
stages of composting. The microbiological method for 
utilization of lignin waste is ecologically sound but 
very slow under natural conditions. 

The goal of the study is to develop a method for rapid 
composting of HL yielding an organomineral fertilizer 
and to investigate lignin conversion in this process. 

MATERIALS AND METHODS 

Hydrolyzed lignin from the Zima pulp works was 
used in the study. The following microbial species were 
used for lignin fermentation: Phanerochaete chrysospo- 
rium Burds. 1 MR-l, Penicillium citreo-viride Biourge, 
Penicillium sp., Aspergillus niger van Tieghem, Cepha- 
losporium sp. (kindly supplied by Dr. Ten, Institute of 
Water and Ecological Problems, Far East Division of 
RAS, Khabarovsk), Phanerochaete chrysosporium 
Burds. ATCC 24725 (All-Russian VNPO Gidrolizprom, 
St. Petersburg), Trichosporon cutaneum (DeBetmn. et al. ) 
Ota D-46, Trichosporon cutaneum (DeBeurm. et aL) 
Ota5, and Streptomyces asterosporus Krassilnikov 
(kindly supplied by E.I. Kolomiets, Institute of Microbi- 
ology, Belarussian Academy of Sciences, Minsk, 
Belarus). Mutual antagonistic effects of microorganisms 
were tested as in [4]. 

High-performance liquid chromatography of phe- 
nolic substrates was carried out on a Milichrom-1 chro- 
matograph (Russia) equipped with a column filled with 
Silasorb C- 18. Elution was performed with 30 and 70% 
solutions of methanol in 0.01 M phosphate buffer pH 4. 
The components were detected at 280 rim. 

For composting under laboratory conditions, I kg of 
HL was supplemented with 1.3 g of urea, 1 g of 
K2HPO4, and 0.7 g of KC1. After sterilization, HL sam- 
ples were inoculated with equal amounts of 4-day cul- 
tures of microorganisms: two strains of T. cutaneum (cul- 
tivated on a medium for yeastlike fungi [5]), S. aster- 
osporus (medium for lignin-degrading actinomycetes 
[6]), P. chrysosporium 1 MR-I, P. citreo-viride, Cepha- 
losporium sp., and A. niger (on the Kirk medium for 
fungi [7]). The mixture was stored at 30~ for two 
months. 

A large-scale experiment was carried out in an out- 
door area in June 1996. Three tons of HL were supple- 
mented with 37 kg of lime, 21 kg of KCI, 75 kg of 
(NH4)2SO4, and 27 kg of ammophos. The composting 
mixture was placed in a 1.5-m-high pile. Temperature 
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was measured weekly. The pile was mixed when the 
temperature began to fall (twice in the summer). Samples 
were taken after 3 weeks, 3 months, and 15 months. 

The contents of lignin, resins, and easily (EHP) and 
low-hydrolyzable polysaccharides (HHP) in HL and 
compost samples were assayed as in [9]. Humic acids 
were assayed according to [10], and protein according 
to [11]. The components of the alkali-soluble fraction 
of HL were analyzed according to [12]. The enzymatic 
composition of the composts was determined as in [ 13], 
and phytotoxicity as in [8]. Samples for UV spectros- 
copy were prepared as follows: a 2-g HL sample was 
extracted three times with diethyl ether, the extract was 
filtered, and ether was evaporated. The residue was dis- 
solved in 3 ml of methanol and analyzed on an SF-20 
spectrophotometer (Russia). 

RESULTS AND DISCUSSION 

The efficiency of microbial transformation of lig- 
nin-pulp substrates, including HL, depends on many 
factors. The main factors are the enzymatic activity of 
microflora and the rate of its propagation in the sub- 
strate, Both problems can be solved by choosing an 
active association of cultures and inoculating the sub- 
strate with a sufficient amount of it. This is the founda- 
tion of composting technology. 

For our study, we chose microorganisms isolated 
mainly from hydrolyzed lignin stored for decades in 
disposal areas and capable of growth on various lignin- 
containing substrates [5, 14-16]. Of particular impor- 
tance is the yeastlike fungus T. cutaneum possessing 
growth-stimulating activity [ 17]. 

To evaluate the activity and contribution of each cul- 
ture during lignin degradation, we simulated its biocon- 
version on aromatic compounds with various types of 
ring substitutions: 3,4-dihydroxy-(pyrocatechol), 3- 
methoxy-4-hydroxy-(vanillin, guaiacol, and guaiacyl- 
propanol), and 3,4-dimethoxy-(veratrole). 

Most cultures intensely metabolized aromatic com- 
pounds. For example, P. citreo-viride, S. asterosporus, 
T. cutaneum D-46, and T. cutaneum 5 completed the 
conversion of phenolic compounds after 7-8 days of 
incubation. A slower conversion was demonstrated by 
A. niger and P. chrysosporium 1 MR- 1: nearly all sub- 
strates were present on day 7 in culture filtrates in 
amounts of 10 to 40% (Fig. 1; exemplified by two cul- 
tures). In the context of microbial lignin degradation, 
conversion of guaiacylpropanol (simulating a typical 
phenylpropane unit of lignin) and veratrole (which can 
be considered an approximation of a phenolic hydroxyl, 
either substituted or protected with an ether bond) is the 
most illustrative. 

Most cultures metabolized guaiacylpropanol more 
slowly than simple phenols. For example, culture fil- 
trates of T. cutaneum 5 contained 82% of unprocessed 
guaiacylpropanol on day 8, and A. niger did not utilize 
it at all. In the contrast, S. asterosporus fully utilized 

Table 1. Variation in the chemical composition of hydro- 
lyzed lignin during composting 

Time 
of composting 

HL 
HL + mineral 
dopes 

3 weeks 
3 months 

15 months 

Element, % 

C H N S Ash C/N 

52.05 5.09 3.03 0.66 12.57 17.18 
48.91 5.10 6.40 3.18 18.12 7.64 

48.32 5.10 6.46 3.25 18.27 7.48 
46.01 5.00 6.65 2.93 21.13 6.92 
48.40 5.58 6.72 2.22 17.48 7.20 

guaiacylpropanol on day 8, and Cephalosporium sp. 
completed this task as early as day 4. It is known that 
compounds bearing no free phenolic hydroxyl are most 
resistant to microbial degradation. Our cultures--T, cuta- 
neum D-46, A. niger, S. asterosporus, and P. citreo-vir- 
ide--metabolized veratrole, although slowly. Cepha- 
losporium sp. and T. cutaneum 5 were more active. The 
former converted 65% of veratrole by day 5-7, and the 
latter utilized it completely by day 8. Penicillium sp. 
was inactive in our tests and was excluded from further 
investigation. Thus, the combined action of A. niger 
and S. asterosporus ensured transformation of simple 
phenols, whereas P citreo-viride, T. cutaneum D-46, 
T. eutaneum 5, P ehrysosporium 1 MR-1, and Cepha- 
losporium sp. are capable of converting guaiacylpro- 
panic compounds and compounds bearing substituted 
phenolic hydroxyls. 

To compose a microbial starter, we determined the 
antagonistic relationships between the cultures. We 
found that virtually all tested microorganisms were 
compatible with each other. An insignificant retardation 
of S. asterosporus in the presence of Cephalosporium 
sp. was observed. The fungus P. chrysosporium ATCC 
24725 completely inhibited S. asterosporus and, in 
turn, was inhibited by another strain of the latter. 
Hence, all strains except for P chrysosporium ATCC 
24725, can be used for inoculating compost. 

To sum up, our chemical and microbiological stud- 
ies demonstrated that the tested cultures, with the 
exception of Penicillium sp. and P ehrysosporium 
ATCC 24725, can be used for composing an artificial 
microbial association. 

The variation in the chemical, group, and fractional 
composition of compost obtained under laboratory 
conditions was investigated to trace HL conversion dur- 
ing composting. The chemical analysis demonstrated 
that microbial treatment resulted in an increase in ash 
content due to consumption of carbon sources. Ash 
content in HL with mineral additives was 5.46% and in 
the compost, 7.24%. Carbon contents were 59.91 and 
55.70%, respectively. From the chemical viewpoint, 
biological treatment of HL resulted in a decrease in the 
contents of lignin and resins and in accumulation of 
humic acids. 
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Fig. 1. Degradation of phenolic substrates by (a) Cephalosporium sp. and (b) Penicillium citreo-viride: (1) pyroeatechol, (2) vanillin, 
(3) guaiacol, (4) veratrole, (5) guaiacylpropanol-1. 

Separation of the alkali-soluble low-molecular- 
weight components of HL demonstrated that microbial 
treatment considerably reduced the contents of phenols 
(by an order of magnitude). This is worth noting, 
because they are undesirable in compost. After applica- 
tion to soil, phenol-oxidizing microorganisms compete 
with plants for nitrogen and phosphorus and suppress 
plant growth. 

The change in the content of low-molecular-weight 
phenolic components was confirmed spectrophotomet- 
rically. As is seen from UV spectra of ether extracts 
from HL samples obtained by composting (Fig. 2), an 
increase in absorption at 270-280 nm took place for the 
first seven weeks. This was related to low-molecular- 
weight phenols accumulating as a result of HL degra- 
dation. After nine weeks, only a slight inflection was 
recorded in this UV region, because the low-molecular- 
wei.ght phenols began to be metabolized by microor- 
gamsms. 

We traced the change in the activity of extracellular 
enzymes produced by the microorganisms for ten weeks 
of laboratory composting. The data shown in Fig. 3 
demonstrate different time patterns of formation of 
redox enzymes. The maximum peroxidase activity was 
observed after two weeks of composting, and that of 
polyphenol oxidase activity after four weeks. Catalase 
activity fell to a minimum after six weeks of microbial 
treatment and then rose again. Taking into account the 
fact that lignin-degrading enzymes, including polyphe- 

nol oxidase and peroxidase, are inducible, the dramatic 
decrease in their activity after 8-10 weeks may be 
related to the decrease in the content of low-molecular- 
weight phenols and degradable polymer fragments in 
the substrate. 

Hence, our artificial microbial association produces 
oxidase enzymes, is capable of HL bioeonversion, and 
thus can be used for lignin composting. 

The pilot experiment was conducted under condi- 
tions simulating industrial ones. Under these condi- 
tions, the microorganisms reproduced intensely. Pro- 
tein content was 24, 72, and 182 ng/g of the compost 
after 3 weeks, 3 months, and 15 months, respectively. 
The data of chemical analysis of HL and compost sam- 
ples shown in Table 1 demonstrate that carbon content 
decreased and ash content increased after 3 months of 
composting (a dramatic change in the 3-week sample is 
related to addition of mineral components). As this took 
place, the C/N ratio required for composting (which 
should be no more than 40) was maintained [8]. 
Because the outdoor pile was exposed to precipitation, 
the mineral components were eluted, the content of ash 
in the compost decreased, and the content of carbon 
correspondingly increased. As a result of microbial 
treatment (already after 3 months), the compost black- 
ened and the specific HL odor vanished. This indicates 
that HL components passed to the compost. Another 
way to evaluate the maturity of compost is to test its 
toxicity by crop germination. Using peas as test seeds, 
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Fig. 2. Variation in UV spectra of the ether-soluble fraction 
of hydrolyzed lignin during composting: (1) starting HL, 
(2) 4 weeks, (3) 7 weeks, (4) 9 weeks. 
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Fig. 3. Variation in enzymatic activity during composting of 
hydrolyzed lignin: (1) peroxidase, (2) catalase, (3) polyphe- 
nol oxidase. 

we found that their germination on the 3-month and 15- 
month compost samples was no less than in the control, 
whereas no more than 13% of seeds germinated on the 
starting HL and the 3-week sample. 

As for variation in the fractional composition of HL, 
one should note an increase in the content of humic 
acids in compost samples (Table 2) and a decrease in 
lignin content. Lignin degradation is accompanied by 
degradation of low-hydrolyzable polysaccharides. 
Taken together, these facts are indicative of humifica- 
tion, along with biodegradation of macrocomponents. 
This is of particular importance, because the effect of 

organic fertilizers is attributed, first of all, to the pres- 
ence of humic acids. 

The group composition of the low-molecular- 
weight fraction of HL shows that phenols accumulate at 
early stages of composting, as in the laboratory experi- 
ment. This is an additional piece of evidence that the 
3-week sample cannot be regarded as compost or used 
for fertilization. Further composting resulted in a 
decrease in phenol content, although lower than under 
laboratory conditions. Utilization of low-molecular- 
weight phenols can be achieved by their degradation to 
C02 and H20 and condensation yielding lignin-like or 
humic compounds, which is related to the presence of 

Table 2. Variation in the fractional composition of hydro- 
lyzed lignin during composting 

Fraction 

Lignin 
EHP* 
HHP* 
Resins 
Humic acids 

starting 

62.10 
0.04 

10.08 
3.00 
6.20 

HL, % 

3 weeks 

61.70 
0.04 
7.74 
0.83 
6.30 

3 months 

56.40 
0.05 
7.20 
0.97 
8.17 

* Easily- and hardly hydrolyzable polysaccharides. 

APPLIED BIOCHEMISTRY AND MICROBIOLOGY 

Table 3. Variation in the group composition of the alkali- 
soluble fraction of hydrolyzed lignin during composting 

Group of compounds 

Phenols 

Acids 

Neutral compounds 

Lignin-like substances 

HL, % 

starting 3 weeks 3 months 15 months 

0.08 0.21 0.07 0.02 

0.11 0.16 0.25 0.40 

0.03 0.02 0.03 0.03 

0.38 0.55 0.65 1.04 
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phenol oxidase, which is capable of both degradation and 
oxidative polymerization of phenolic compounds [ 18]. 

Thus, we demonstrated that bioconversion of HL can 
be accomplished by using an artificial microbial associ- 
ation. This association degrades its low-molecular- 
weight components, including phenolic compounds 
toxic to plants, and macrocomponents (polysaccharides 
and lignin itself). Secondary processes yield humic com- 
pounds, whose content increases with time. The result- 
ing product has altered chemical and morphological 
properties, ceases to have phytotoxicity, and can be 
regarded as compost. According to physicochemical 
properties and phytotoxicity, the optimum term of corn- 
posting is three months. 

REFERENCES 

1. Volchatova, I.V., Medvedeva, S.A., Novikova, L.N., and 
Seryshev, V.A., Abstracts of Papers, Soveshchanie po 
sovremennym problemam ekologii, prirodopol' zovaniyu 
i resursosberezheniyu Pribaikal'ya (Conf. on Contem- 
porary Problems of Ecology, Nature Use and Resource 
Saving of Baikal Region), Irkutsk, 1998, p. 192. 

2. Strakhov, V.L., Gidroliz. Lesokhim. Prom-st', 1986, 
no. 4, pp. 2-3. 

3. Ten Khak Mun, Kharitonova, G.V., and Imranova, E.L., 
Abstracts of Papers, Soveshchanie po geologii i ekologii 
basseina r. Amur (Conf. on Geology and Ecology of the 
Amur River Region), Blagoveshchensk, 1989, pp. 80--81. 

4, Egorov, N.S., Vydelenie mikrobov-antagonistov i biolog- 
icheskie metody ucheta ikh antibioticheskoi aktivnosti 
(Isolation of Microorganism-Antagonists and Biologi- 
cal Analysis of Their Antibiotic Activity), Moscow: 
Mosk. Gos. Univ., 1957. 

5. Kolomiets, E.I., Romanovskaya, T.V., and Zdor, N.A., 
Mikrobiol. Zh., 1990, vol. 52, no. 1, pp. 38--42. 

6. McCarthy, A.J. and Broda, P.G., J. Gen. Microbiol., 
1984, vol. 130, pp. 2905-2913. 

7. Kirk T.K., Schultz E., Connors W.J., Lorenz L.E, and 
Zeikus J.I., Arch. Microbiol., 1978, vol. 117, no. 3, 
pp. 277-285. 

8. Ten, Khak Mun, Fermentatsiya organicheskikh ostatkov 
s tsel'yu polucheniya udobrenii. Metodicheskie reko- 
mendatsii (Fermentation of Organic Waste for Produc- 
tion of Fertilizer: Practical Recommendations), Kha- 
barovsk: Inst. Vodnylda i Ekologicheskikh Problem DVO 
AN SSSR, 1988. 

9. Obolenskaya, A.V., Shchegolev, V.P., Akim, G.L., 
Akim, E.L., Kossovich, N.L., and Emel'yanova, I.Z., 
Prakticheskie raboty po khimii drevesiny i tsellyulozy 
(Practical Studies on Chemistry of Wood and Cellulose), 
Moscow: Lesnaya Prom-st', 1965. 

10. State Standard 9517-76, in Metody opredeleniya vykhoda 
guminovykh kislot (Determination of the Yield of Humic 
Acids), Moscow, 1987. 

11. Termkhitarova, N.G. and Shul'ga, A.V., Prikl. Biokhim. 
Mikrobiol., 1974, vol. 10, no. 6, pp. 928-932. 

12. Petrushenko, L.N., Medvedeva, S.A., Babkin, V.A., 
Vasyanovich, G.P., Zaitseva, L.A., Boiko, Yu.A., and 
Evdokimov, A.N., Khim. Drev., 1980, no. 1, pp. 71-74. 

13. Khaziev, EKh., Mew@ pochvennoi enzimologii (The 
Methods of Soil Enzymology), Moscow: Nauka, 1990. 

14. Medvedeva, S.A., Kolomiets, E.I., Antipova, I.A., 
Babkin, V.A., Ivanova, S.Z., Volchatova, I.V., and 
Romanovskaya, T.V., Khim. Prir. Soedin., 1992, no. 5, 
pp. 558-564. 

15. Kolomiets, E.I., Romanovskaya, T.V., Zdor, N.A., 
Vadetskii, B.Yu., and Zaitsev, G.M., Mikrobiologiya, 
1994, vol. 63, no. 5, pp. 854-859. 

16. Imranova, E.L., Succession of Microorganisms under 
Destruction of Wood Waste, Cand. Sci. (Biol.)Disserta- 
tion, Irkutsk; Inst. Khimii SO RAN, 1998. 

17. Kolomiets, E.I., Zdor, N.A., Lobanok, A.G., and 
Romanovskaya, T.V., Prikl. Biokhim. Mikrobiol., 1997, 
vol. 33, no. 2, pp. 202-205. 

18. Modvedeva, S.A., Volchatova, I.V., and Babkin, B.A, 
Khira. lnteres. Ust. Razv., 1996, vol. 4, nos. 4-5, pp. 321- 
332. 

APPLIED BIOCHEMISTRY AND MICROBIOLOGY Vol. 36 No. 3 2000 


