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 « » .  
100 . -

. 

 

,  
 13%.  1 ,  2,  

  ,  1.  
 
, 
-
 

.  ,   
-

,   2.  -
 

, -
,  [16],  

 
. 

 
 ( . 2).  :  :  1 : 1,37 : 0,59,  

1 : 1,47 : 0,75. ,  
, , , -

.  
 6% , .  
 ( )  1 : 1,49 : 0,80 ,  

.  
, .  

 
, , -

 3. 
. ,  

, .  
 – 14,6  16,9% . ,  

, -
.  

(22,5%)  (18,8%). -
,  (25%) .  

 2. , % 

    
      

 
1 53,5 ±0,1 34,4 6,04±0,01 46,3 40,0 19,3 
2 51,3 ± 0,2 33,2 6,00±0,01 46,3 42,2 20,5 

 52,4 33,8 6,02 46,3 41,1 19,9 

 
1 46,4±0,1 30,8 5,79±0,05 45,8 47,0 23,4 
2 47,0±0,1 31,4 5,68±0,13 45,2 46,7 23,4 

 46,7 31,1 5,74 45,5 46,9 23,4 

 
1 45,1 ±0,1 30,2 5,64±0,07 45,0 49,1 24,7 
2 45,9 ±0,2 30,4 5,78±0,05 45,6 48,2 24,0 

 45,5 30,3 5,71 45,3 48,7 24,4 
 

 1. , % 

  1  2 
 58 52 

 16,9 13,3 
 10,4 / 61,4 7,7 / 57,8 

 6,5 / 38,6 5,6 / 42,2 
:  –  

,  –  
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 3. , % 

 
   

1 2 -
 1 2 -

 1 2 -
 

,  
–  

 
0,56±0,02 0,51±0,01 0,53 5,35±0,01 4,59±0,06 4,97 3,91±0,07 3,92±0,07 3,91 

–  2,94±0,06 3,21±0,03 3,07 30,8±0,3 28,7±0,5 29,8 24,5±0,5 18,0±0,2 21,3 
–   

 
1,73±0,02 2,03±0,02 1,88 5,35±0,01 6,6±0, 4 5,97 4,7±0,1 5,59±0,02 5,1 

– 1% NaOH 15,5±0,0,3 14,4±0,0,4 15,0 31,2±0,1 23,9±0,6 27,6 26,1±0,3 24,5±0,1 25,3 
  51,9±0,2 52,0±0,1 52,0 15,7±0,1 16,9±0,3 16,3 13,5±0,4 15,6±0,3 14,6 

,  
: 

18,9±0,1 18,7±0,2 18,8 7,73±0,3 10,6±0,1 9,1 20,8±0,2 24,1±0,8 22,5 

–   
 

14,4±0,1 13,6±0,2 14,0 6,3±0,3 8,9±0,02 7,6 19,6±0,2 22,3±0,8 21,0 

– -
 

4,5±0,1 5,1±0,1 4,8 1,43±0,04 1,66±0,04 1,55 1,19±0, 01 1,78±0,02 1,49 

, -
, , –  [1, 2]. -

 ( . 3), , -
, , . -

, -
. -

 [17], . 
, ,  

. ,  4,  
.  

, , , . , -
. 

, -
, . 

, , , ,  
, -

, . ,  
-  

. 
,  

.  
 2  5.  

- ,  
. 

 4.  

  
    

    

 
1 4,0 286 0,151 4,9 
2 4,9 350 0,151 4,9 

 4.45 318 0,151 4,9 

 
1 6,9 493 0,69 22,3 
2 5,3 379 0,62 20,0 

 6,0 436 0,65 21,7 

 
1 1,58 113 0,088 2,8 
2 1,5 111 0,060 1,9 

 1,57 112 0,074 2,5 
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 5.  

  
 

  
, % 

N  P  
 %  N .   %  P .  

 
 100 5,3 100 0,62 100 

 95,1 4,3 78,6 0,55 83,6 
 66,4 5,6 71,5 0,63 67,1 

 59,8 5,5 63,2 0,19 18,2 
1%  NaOH 35,5 4,0 27,3 0,17 9,7 

 
 100 4,9 100 0,15 100 

 96,0 4,4 86,2 0,14 89,6 
 78,0 4,3 69,2 0,13 68,2 

 72,4 4,4 65,7 0,12 56,1 
1%  NaOH 47,9 2,8 27,4 0,066 20,9 
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, , -
,  [26].  

, ,  
.  

, -
 [27].  6 ,  

.  
-, . , , -

 [27]. 
;  

.  
 14  7 , .  

, ,  [29]. -
, ,  
 [25], , ,  

 [5, 26]. -
, , -

 [30, 31].  
: -

 [32].  ,   
,  3 , ,  7 . -

, . , 
, -

. ,  
, -

. -
 [30].  

, -
 [26]. -

. ,  
 [32].  

,  -
, . -

 [33].  7.  
, -

, . , ,  
. ,  

  -
 [24]. 

 6.  

-
  

   
      

 
1 2,4 61,4 4,50 112 0,37 15,2 
2 1,7 43,4 7,10 177 0,40 16,5 

 2,05 52,4 5,80 140 0,39 15,9 

 
1 4,6 118 12,0 299 1,20 49,4 
2 5,6 143 11,5 282 1,10 45,3 

 5,1 131 11,7 291 1,15 47,4 

 
1 0,91 23,3 0,63 15,7 0,16 6,6 
2 0,67 17,1 0,80 20,0 0,11 4,5 

 0,79 20,2 0,79 17,9 0,14 5,6 
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 7.  (  – /100 ,  
 – /100 ) 

        
1 2 1 2 1 2 

B … 1,8 /167 … 2,7 /250 … 2,1 /194 
Fe  10,0 /179 24,0 /430 18,0 /323 3,6 /64,5 8,0 /143 3,4 /60,9 
Si … 1,5 /53,5 … 1,4 /49,8 … 2,5 /89,3 

Mn  6,8 /123 16,0 /291 14,0 /254 17,0 /309 1,7 /30,9 2,6 /47,2 
Cu  0,62 /9,8 1,1 /17,3 0,90 /14,2 0,28 /4,4 0,14 /2,2 0,12 /1,9 
Na  8,7 /378 8,8 /382 12,0 /522 2,3 /100 12,0 /522 6,7 /291 
Zn   7,7 /118 13,0/199 32,0/489 31,0/474 2,2/33,6 2,3/35,2 
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Deineko I.P.1*, Faustova N.M.2 ELEMENT AND GROUP CHEMICAL COMPOSITION OF ASPEN BARK AND 
WOOD  

1Saint Petersburg State Technological University of Plant Polymers, Ivana Chernykh st., 4, St. Petersburg, 198095 
(Russia), e-mail: ipdeineko@mail.ru 
2 Institute of Pharmacy of Saint-Petersburg, Partizanskaya ul., 27, St. Petersburg, 195248 (Russia),  
e-mail: faustova-78@mail.ru 
The results of the study elemental and group chemical composition of individual parts of the aspen bark (phloem, rhiti-

dom) and wood are given. Bark, unlike wood, has a higher content of nutrients (N, P), micro- and macroelements, and also it is 
enriched with extractive substances, most of which (more than 45%) is extracted with ethanol and 1% NaOH. The number of 
substances extracted from wood by solvents (slightly more than 5%) is significantly lower than in the case of bark. However, in 
the alkaline solution wood passes a higher proportion of substances (about 15%).   The outer part of the bark compared to the 
phloem has a higher carbon content, but a lower content of  nitrogen and especially phosphorus. Nitrogen-containing com-
pounds in the bark are mainly represented by the structural components, and phosphorus-containing compounds - phospholipids 
and nucleotides. The concentration of macroelements in the phloem is about two times higher than in rhytidome and exceeds 50 

mol/g. In the largest amount the bark contains of magnesium, potassium and calcium, wherein the amount of the latter is more 
than half of the amount of inorganic elements. The main representatives of microelements (1 — 5 mol /g) are zinc, iron, man-
ganese, concentration of the others (boron, copper, cobalt, molybdenum, etc.) is very small (less than 1 mol /g). Cellulose 
content in the phloem and ritidome about the same or more than two times lower than in the wood. 

Lignin maximally accumulated in the outer part of the bark, where the concentration is over 20%. Wood is character-
ized by high content of acid-soluble lignin, the mass fraction exceeds 25% of the total content (18%) of the biopolymer. 

Keywords: aspen, bark, phloem, ritidom, wood, element composition, chemical composition, extractive substances, cel-
lulose, lignin. 

References 

1. Zaks P.E. Chemystry of Bark // Wood and cellulose chemistry. Eds. by D.N.-S.Hon, N.Shiraisky. N.Y., Basel. 1991. 
Pp. 253–330. 

2. Azarov V.I., Burov A.V., Obolenskaia A.V. Khimiia drevesiny i sinteticheskikh polimerov. [Wood chemistry and syn-
thetic polymers]. St. Petersburg, 1999, 628 p. (in Russ.). 

3. Alekseeva E.A. Izuchenie khimicheskogo sostava lipidov kory osiny i razrabotka tekhnologii polucheniia iz nikh bi-
oaktivnykh veshchestv : dis. … kand. tekhn. nauk. [The study of the chemical composition of lipids aspen bark and 
development of technology for their bioactive substances: the dissertation Candidate of Technical Sciences]. Lenin-
grad. 1970, 163 p. (in Russ.). 

4. Faustova N.M. Khimicheskii sostav kory i drevesiny osiny Populus tremula L. : dis. … kand. khim. nauk. [Faustova 
NM The chemical composition of the bark and wood of aspen Populus tremula L.: dissertation candidate of chemical 
sciences]. St. Petersburg, 2005, 173 p. (in Russ.). 

5. Lotova L.I. Mikrostruktura kory osnovnykh lesoobrazuiushchikh listvennykh derev'ev i kustarnikov Vostochnoi 
Evropy. [The microstructure of the main forest bark of deciduous trees and shrubs in Eastern Europe] Moscow, 1999, 
114 p. (in Russ.). 

6. Smilga Ia.Ia. Osina. [Aspen]. Riga, 1986, 238 p. (in Russ.). 
7. Nekrasova V.B. Lechebno-profilakticheskie sredstva iz biomassy dereva. [Therapeutic and prophylactic agents of the 

biomass of a tree]. St. Petersburg, 2006. 192 p. (in Russ.). 
8. Faustova N.M., Faustova M.E., Deineko I.P. Zhurnal mikrobiologii, epidemiologii i immunobiologii, 2006, no. 3, 

pp. 3–7. (in Russ.). 
9. Talykova M.N. Farmakotekhnologicheskoe issledovanie kory osiny : avtoref. … kand. farm. nauk. [Pharmaco techno-

logical research aspen bark: abstract Candidate of Pharmaceutical Sciences]. Barnaul. 1996, 25 p. (in Russ.). 
10. Turetskova V.F., Lobanova I.Iu., Rassypnova S.S., Talykova M.N. Biulleten' sibirskoi meditsiny, 2011, no. 5, 

pp. 105–111. (in Russ.). 
11. Vydelenie i analiz prirodnykh biologicheski aktivnykh veshchestv. [Isolation and analysis of natural bioactive sub-

stances]. Ed. E.E. Sirotkina. Tomsk. 1987, 185 p. (in Russ.). 
12. Pleshkov B.P. Praktikum po biokhimii rastenii. [Workshop on plant biochemistry]. Moscow, 1976, 256 p. (in Russ.). 
13. Chalmers R.A. Anal. Chim. A ta., 1958, vol. 18, no. 4–6, pp. 575–577. 
14. Zhigunov, A.V., Tereshenkova I.A., Ogievskii D.V. Provedenie biokhimicheskogo analiza rastitel'nykh obraztsov. 

[Biochemical analysis of plant samples]. Leningrad, 1979, 43 p. (in Russ.). 
15. Obolenskaia A.V., El'nitskaia Z.P., Leonovich A.A. Laboratornye raboty po khimii drevesiny i tselliulozy. [Laborato-

ry work on the chemistry of wood and cellulose]. Moscow, 1991, 320 p. (in Russ.). 
16. Raskatov P.B. Anatomiia drevesnykh rastenii. [Anatomy of woody plants]. Voronezh, 1988, 80 p. (in Russ.). 
17. Gudvin T. Merser E. Vvedenie v biokhimiiu rastenii. [Introduction to plant biochemistry]. In 2 vol. Moscow, 1986. (in 

Russ.). 
18. Stopskii V.S., Kliuchkin V.V., Andreev N.V. Khimiia zhirov i produktov pererabotki zhirovogo syr'ia. [Chemistry of 

fats and processed products of raw fat]. Moscow, 1992, 286 p. (in Russ.). 
19. Krasil'nikova L.A., Avksent'eva O.A., Zhmurko V.V., Sadovnichenko Iu.A. Biokhimiia rastenii. [Phytochemistry.]. 

Rostov-on-Don, 2004, 224 p. (in Russ.). 
                                                
* Corresponding author. 



. , .  62

20. Khimiia biologicheski aktivnykh prirodnykh soedinenii. [Chemistry of biologically active natural compounds]. Ed. 
N.A. Preobrazhenskii and R.P. Evstigneeva. Moscow, 1976, 456 p. (in Russ.). 

21. Sharova E.I. Kletochnaia stenka rastenii. [The cell wall of plants]. St. Petersburg, 2004, 156 p. (in Russ.). 
22. Stepanenko B.N. Khimiia i biokhimiia uglevodov (monosakharidy).  [Chemistry and biochemistry of carbohydrates 

(monosaccharides)]. Moscow, 1977, 204 p. (in Russ.). 
23. Van Vezer. Fosfor i ego soedineniia. [Phosphorus and its compounds]. Moscow, 1962, 687 p. (in Russ.). 
24. Rudakova E.V., Karakis K.D., Sidorshina T.N. etc. Mikroelementy: postuplenie, transport i fiziologicheskie funktsii v 

rasteniiakh. [Trace elements: entry, transport and physiological function in plants]. Kiev, 1987, 184 p. (in Russ.). 
25. Kuznetsov V.V., Dmitrieva G.A. Fiziologiia rastenii. [Vegetable physiology]. Moscow, 2011, 783 p. (in Russ.). 
26. Kramer P. D., Kozlovskii T.T. Fiziologiia drevesnykh rastenii. [Physiology of woody plants]. Moscow, 1983, 462 p. 

(in Russ.). 
27. Kh'iuz M. Neorganicheskaia khimiia biologicheskikh protsessov. [Inorganic chemistry of biological processes]. Mos-

cow, 1983, 416 p. (in Russ.). 
28. Karpachevskii L.O. Les i lesnye pochvy. [Forest and forest soils]. Moscow, 1981, 264 p. (in Russ.). 
29. Berezina N.A., Afanas'eva N.B. Ekologiia rastenii. [Plant ecology]. Moscow, 2001, 400 p. (in Russ.). 
30. Lir Kh., Pol'ster Kh., Fidler G.I. Fiziologiia drevesnykh rastenii. [Physiology of woody plants]. Moscow, 1983, 423 p. 

(in Russ.). 
31. Kosichenko N.E. Istoriia anatomii drevesiny i kory. [The history of anatomy of wood and bark]. Voronezh, 2002, 

76 p. (in Russ.). 
32. Il'in V.B. Elementnyi khimicheskii sostav rastenii. [The elemental chemical composition of plants]. Novosibirsk, 

1985, 129 p. (in Russ.). 
33. Bitiutskii N.P. Neobkhodimye mikroelementy rastenii. [Necessary minerals plants]. St. Petersburg, 2005, 256 p. (in 

Russ.). 
34. Bardinskaia M.S. Rastitel'nye kletochnye stenki i ikh obrazovanie. Nekotorye voprosy khimii, biokhimii i fiziologii od-

revesneniia. [Plant cellular walls and their formation. Some questions of chemistry, biochemistry and physiology of 
lignification]. Moscow, 1964, 160 p. (in Russ.). 

35. Fiziologiia rastitel'nykh organizmov i rol' metallov. [Physiology of plant organisms and the role of the metals]. Ed. 
N.M. Chernavskaia. Moscow, 1988, 157 p. (in Russ.). 

36. Musienko N.N., Ternavskii A.I. Kornevoe pitanie rastenii. [The root power plants]. Kiev, 1989, 203 p. (in Russ.). 

Received September 9, 2014  

Revised February 2, 2015 


