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Accumulation and Structural Changes of Flavanols in the Barks of Cryptomeria Japonica
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Monomeric flavanols (1)

0ligomeric (or Polymeric)
flavanols: Proanthocyanidins (2)

Fig, 1 Primary Structures of flavanols
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Table—1. Proportion of the subdivided sections of the barks

Cryptomeria japonica
Percentage by weight

Inner bark
inside 9.2
middle 33.1
outside 22.4
Outer bark 35.3

100.0

Pinus densiflora
Percentage by weight

Inner bark
inside 18.7
outside 33.8
Outer bark 475

100.0
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Cryptomeria japonica

Inner bark, inside
middle
outside

Outer bark

Pinus densiflora

Inner bark, inside
outside

Outer bark

| 1 1 J
5 10 15 20 %
Flavanol content in each section of the bark

(Percentage by the oven-dried weight of each bark)

Fig. 2 Total flavanol content in each section of the barks
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R =0H, Ré=H: Procyanidin B-3(7)

=0H: Procyanidin B-4(8)

Ry=Hs Ry

Ry=0H, Ry=H: Procyanidin B-1 (5)

R]=H, R2=0H: Procyanidin B-2 (6)

Fig.3 Chemical structures of monomeric and dimeric flavanols
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Table—2  Proportion of the stereoisomers of monomeric and dimeric flavanols

Monomeric flavanols Dimeric flavanols
Cryptomeria japonica (+)-Catechin :(—)-Epicatechin B-1 B-2 B-3 B-4®
Inner bark
inside 65: 35 0: 0:50:50
middle 69 : 31 4: 3:50:43
outside 71:29 4: 3:55:38
Outer bark 73:27 _
Pinus densiflora
Inner bark
inside 95: 5 65: 0:35: 0
outside 92: 8 72: 0:28: 0
Outer bark 91: 9 66: 0:34: 0

a) B-1: Procyanidin B-1, B-2: Procyanidin B-2, B-3: Prcyanidin B-3, B-4: Procyanidin B-4
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Fig4 13C.NMR spectra of polymeric flavanols from each section of the barks

a) the inside section of the inner bark of C. japonica
b) the outer bark of C. japonica

¢) the inside section of the inner bark of P. densiflora
d) the outer bark of P. densiflora
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Table—3  Yield of thiolysis products of polymeric flavanols from
subdivided sections of the barks

Yield of thiolysis products

Cryptomeria japonica (Percentage of the weight of the polymer)
Inner bark
inside 91
middle 78
outside 75
Outer bark 31
Pinus densiflora
Inner bark
inside 86
outside 79
Outer bark 75
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WEMLHEL, HEES toluene-a-thiol R Ry
ko THEEShIC koI L®RL 2,3-trans unit 2,3-cis unit
TWwd, L7zd8->T, AFBEOHZEIIHN Ry=H or OH
R,=H (Termination units)
BREEBIT T2 7 I3/ - VEEBHEHR R;=Flavanol unit
B (Extension units)
ELIBEZED Dl LakE D, Ry=H or OH

—%, TH=YOBERNMEE DL 5B
% Bk TH toluene-a-thiol i & - THHE Fig.5 Constituent flavanol units of polymeric
LAEENG, SO LT AT VI flavanols
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Table—4  Proportion of the stereoisomers of the flavanol units of
polymeric flavanols from subdivided sections of the barks

2,3-Trans unit:2,3-Cis uint

Extension unit Termination unit
Cryptomeria japonica
Inner bark
inside 71:29 62: 38
middle 75:25 64 : 36
outside 81:19 64 : 36
Outer bark 69 : 31 61: 39
Pinus densiflora
Inner bark
inside 12 : 88 87:13
outside 11:89 89:11
OQuter bark 9:91 85:15

Table—5 Mean molecular weight of polymeric flavanols from subdivi-
ded sections of the barks

Cryptomeria japonica . Mn Mw
Inner bark

inside 1260 1610

middle 1460 1750

outside 1360 1590

Outer bark 2140 3090
Pinus densiflora
Inner bark

inside 1870 2440

outside 1920 2580

Outer bark 2240 3050

Mn : Number average molecular weight
Mw : Weight average molecular weight
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Summary

The barks of Cryptomeria japonica and Pinus densiflora were devided in several

sections from inside (near cambium) to outside. Content and structural characteristics of

flavanols in each section were investigated and the following results were obtained.
i) Much amount of flavanols is contained in all sections of the inner bark of both species

and their concentrations reach to over 10 percent by the weight of oven-dried barks.

ii) Production of flavanols begins at the earlier stage of bark formation because much

amount of flavanols is accumulated in the inside section of the inner barks near
cambium.

iii) In the inner barks of both species, there is no evidence suggesing secondary structural

iv

changes, i.e., changes of molecular weight distribution and changes of the proportion
of the stereoisomers. Therefore, differences of physiological factors among each
section of the inner barks show less effect on the structural characteristics of
flavanols. '

) The content of extractable flavanols decreases significantly in the outer barks of both
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species. This observation suggests that most of flavanols are coverted into insoluble
form in the outer barks. The structural characteristics of flavanols in the outer barks
of Cryptomeria japonica are different significantly from those in the inner bark of the
same species on their molecular weight distributions and on the bonding modes among
flavanol units.



