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Abstract myo-Inositol-[2-3H] and D-glucuronic acid-[6-14C] 
were administered simultaneously to a growing stem of 
magnolia (Magnolia kobus DC) to label xylan and pectin, 
respectively, in the cell wall. Determination of the radioac- 
tivity of nitrobenzene oxidation products and sulfuric acid 
hydrolysates of the newly formed xylem indicated that 
xylan and pectin were labeled with 3H and ~4C, respectively. 
The doubly labeled wood tissue was treated to kraft 
pulping, and the radioactivity of the pulping black liquor 
and treated wood tissue were determined at various stages 
of the pulping to compare the dissolving behavior between 
pectin and xylan during the pulping. The results showed 
that pectin was not dissolved as easily as xylan and was not 
redeposited on pulp fiber at the late stage of the pulping. 
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Introduction 

Noncellulose polysaccharides remaining in pulps influence 
not only pulp yields but also their physical and chemical 
properties. 1 Kraft pulping is the most widely used pulping 
method, and many papers have reported the behaviors of 
cell wall polysaccharides during the pulping. 2-7 In those pa- 
pers sulfuric acid hydrolysates of pulp and pulping black 
liquor were determined quantitatively, or precipitates ob- 
tained by adding alcohol to the acidified black liquors were 
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examined quantitatively and qualitatively. A part of the 
carbohydrate is supposed to be examined using hydrolysis 
and precipitation, but it is doubtful whether the quantitative 
and qualitative changes of the hydrolysates and precipitates 
represent the behaviors of cell wall polysaccbarides. 

The radiotracer method is effective not only for detect- 
ing components in cell walls but also for tracing their 
topochemical reactions/10 We have been developing me- 
thods for the selective radiolabeling of polysaccharides in 
tree cell walls by employing suitable precursors radiola- 
beled at specific positions and by regulating the metabolism 
of the precursors with enzyme inhibitors. 11-I5 The labeling 
methods were applied for visualizing the depositions 
and distributions of polysaccharides in cell walls by 
microautoradiography) 3'14 

Recently, the wood meal in which xylan was radiola- 
beled selectively was treated to kraft pulping, and dissolu- 
tion and redeposition of xylan during the pulping were 
demonstrated clearly by a radiotracer method. 16 It was 
shown that the selective labeling method is useful for stud- 
ies on the behavior of polysaccharides during kraft pulping. 

Pectin is one of the important noncellulose polysaccha- 
rides constituting plant cell walls. The distribution, role, and 
reaction of pectin have been studied using young tissues, 
such as hypocotyl or root tip. In tree cell wall, however, 
pectin has not been well investigated because it is difficult to 
isolate and analyze it. 

A pectin radiolabeling method has been developed to 
study pectin in tree cell wall] 2 The deposition and distribu- 
tion of pectin during tree cell wall formation were visualized 
by microautoradiography, t3 The radiolabeling method will 
be available for studies on behavior of pectin in various 
reactions, such as chemical analyses or pulping. 

Yields and physical properties of mitsumata pulps pre- 
pared by sodium hydroxide or ammonium oxalate treat- 
ment of bast fiber are affected by the remaining pectin in 
the pulp) 7 Pectin dissolved during alkaline peroxide bleach- 
ing of Norway spruce mechanical pulp formed a complex 
with cationic paper-making additives, and the complex 
facilitated the removal of lipophilic extractives, so-called 
pitch or resin, by air flotation. ~a-2° It is important to study the 



behavior of pectin during pulping, and the radiotracer 
method provides information we are not able to obtain by 
other common and traditional methods. 

Behavior of xylan during kraft pulping has been well 
investigated, and the behavior of pectin could be contrasted 
well with that of xylan to study the reaction of pectin in 
wood cell wall. If xylan and pectin are respectively radiola- 
beled in cell wall, the doubly labeled cell wall becomes the 
most available portion for a comparative study. 

In this study we examined whether xylan and pectin were 
radiolabeled in cell wall by feeding two radiolabeled precur- 
sors simultaneously to tree. The difference between xylan 
and pectin during kraft pulping was then determined using 
the doubly labeled wood tissue. 

Materials and methods 
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Pulping black liquor and treated wood tissue were sepa- 
rated at each stage. Part of the black liquor was infiltrated 
onto filter paper immediately, and the wood tissue was 
washed with distilled water until the washings became neu- 
tral. The filter papers and the wood tissues were dried in a 
desiccator. 

Radioassay 

The radioactivities of the fractions separated by HPLC 
were determined by a liquid scintillation counter (Beckman 
model 3801) after adding Bray's cocktail. The extractive 
free wood meal, the filter papers on which pulping black 
liquor infiltrated, and the kraft-treated wood tissue were 
subjected to combustion by a sample oxidizer to give 14CO2 
and 3H20. Their radioactivities were determined by scintil- 
lation counting. 

Plant material and administration of precursor 

A 3-year-old magnolia (Magnolia kobus DC) was grown in 
a pot, and a small V-shaped groove (2 × 4mm) was made 
with a razor blade in a circumferential direction on the 
stem. Mixture of D-glucuronic acid-[6-J4C] (0.74MBq, syn- 
thesized according to the method of Schaffer and Isbell 2~) 
and myo-inositol-[2-3H] (1.85MBq) (ARC, St. Louis, MO, 
USA) was added dropwise to the groove in June, and the 
plant was allowed to grow for 1 month. Small sticks (3 × 3 
× 25 ram) including newly formed xylem were cut from the 
wood tissue near the groove and extracted with benzene- 
ethanol (2:1 v/v) and hot water successively. Another part 
of the newly formed xylem was milled to pass a 40-mesh 
filter, and extractive free wood meal was prepared. 

Nitrobenzene oxidation and sulfuric acid hydrolysis 

A part of the extractive free wood meal (30mg) was hydro- 
lyzed with sulfuric acid, and the hydrolysate was submitted 
to high-performance liquid chromatographic (HPLC) 
analysis according to the method of Imai and Terashima. 11 
The fractions containing xylose and glucose were collected 
separately. Another part of the wood meal (10mg) 
was subjected to alkaline nitrobenzene oxidation followed 
by preparative HPLC according to the method of He 
and Terashima. 22 The fractions containing vanillin and 
syringaldehyde were collected separately. 

Kraft pulping 

Six stainless steel bombs containing the radiolabeled wood 
stick (150mg each) were prepared, and the wood stick was 
treated to kraft pulping. The pulping conditions were as 
follows: effective alkali 20%, sulfidity 30%, liquor/wood 
ratio 5:1. Temperature was raised from 25°C (room 
temperature) to 170°C in 90min and held at 170°C for 
the following 60min. Pulping was stopped at six stages: at 
20, 40, 60, 90, 120, and 150min after the start of pulping. 

Results and discussion 

Double radiolabeling of xylan and pectin in cell wall 

We have reported previously that when myo-inositol-[2-3H] 
was administered to a growing stem of magnolia, xylan 
was radiolabeled almost selectively in cell wall. I4 Chemical 
analyses of the labeled tissue showed that a large amount 
of radioactivity was found in xylose obtained by sulfuric 
acid hydrolysis, and some of the activity was detected 
in glucose derived from cellulose; no radioactivity was 
detected in lignin degradation products, namely vanillin 
and syringaldehyde, obtained by nitrobenzene oxidation. 
Microautoradiography of the differentiating xylem showed 
that radioactivity was incorporated mainly into the cell 
walls during secondary wall formation. Thus selective 
radiolabeling of xylan was demonstrated by both chemical 
and autoradiographic studies. Pectin was radiolabeled 
selectively in mitsumata and magnolia by the feeding of D- 
glucuronic acid-[6-14C].12'13 A large amount of radioactivity 
was found only in galacturonic acid derived from pectin by 
acid hydrolysis, and no radioactivity was detected in degra- 
dation products derived from other cell wall components. 
With microautoradiography, radioactivity was incorporated 
into the cell walls during the earliest stage of xylem differ- 
entiation. Thus selective radiolabeling of pectin was 
achieved in the cell wall. It was expected that the cell wall in 
which xylan and pectin were labeled with 3H and 14C, re- 
spectively, could be prepared by feeding myo-inositol- 
[2-3H] and D-glucuronic acid-[6-14C] simultaneously. 

Figure 1 shows the specific radioactivities of vanillin, 
syringaldehyde, xylose, and glucose obtained from magno- 
lia xylem administered a mixture of myo-inositol-[2-3H] and 
D-glucuronic acid-[6-14C] and allowed to metabolize for 1 
month. Nitrobenzene oxidation gave enough vanillin and 
syringaldehyde to determine their radioactivities, and in- 
corporation of radioactivity into lignin was estimated by 
determining the radioactivity in the oxidation products. In- 
corporation of radioactivity into cell wall polysaccharides 
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Fig. 1. Incorporation of radioactivity from D-glucuronic acid-[6-~C] 
and myo-inositol-[2-3H] into lignin and polysaccharides as determined 
by nitrobenzene oxidation and sulfuric acid hydrolysis 

was estimated by determining the radioactivity in the sulfu- 
ric acid hydrolysate. The hydrolysis of magnolia xylem gave 
enough xylose and glucose for the radioassay, and only 
trace amounts of rhamnose, arabinose, mannose, and galac- 
tose were found in the hydrolysate by HPLC analysis. A 
large amount of 3H activity was found mainly in xylose, and 
some of the activity was detected in glucose; no activity was 
detected in vanillin and syringaldehyde. These results indi- 
cate that 3H activity was incorporated mainly into xylan, as 
reported previously. 1~ 

No 14C activity was found in xylose, glucose, vanillin, and 
syringaldehyde, indicating that radioactivity is not incorpo- 
rated into hemicellulose (xylan), cellulose, or lignin; in con- 
trast, carbon dioxide obtained by combustion of the xylem 
tissue was highly radioactive, indicating that the tissue con- 
tains considerable radioactive components. ~4C activity was 
considered to be incorporated into pectin as reported previ- 
ously. 12a3 Radioactivity of galacturonic acid should be deter- 
mined to estimate the selectivity of pectin labeling, but it 
is difficult or impossible to isolate galacturonic acid from 
highly lignified wood tissue. 12:3'a3 Consequently, the cell 
wall in which xylan and pectin were labeled with ~H and 
~4C, respectively, was prepared. It is expected that the 
doubly radiolabeled wood tissue has enough selectivity 
during xylan and pectin labeling to be applied to studies 
of their behavior during kraft pulping by radiotracer 
technique. 

Behavior of xylan and pectin during kraft pulping 

Many investigators have reported the behavior of polysac- 
charides during kraft pulping after acid hydrolysis or alco- 
hol precipitation. >7 Using these methods, however, only 
some of the carbohydrate is supposed to be examined, and 
so only limited information is obtained. Recently, the wood 
meal in which xylan was radiolabeled selectively by feeding 
myo-inositol-[2-3H] to magnolia was treated by kraft 
pulping. It was possible to obtain information on whole 
xylan by adding together the radioactivities of the pulping 
black liquor and the treated wood meal. 16 
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Fig. 2. Pulping temperature and percentages of the radioactivities of 
pulping black liquor and treated wood tissue at various stages of kraft 
pulping of the wood tissue in which xylan and pectin were labeled with 
3H and 14C,  respectively 

In this study the wood tissue in which xylan and pectin 
were labeled with 3tt and 14C, respectively, was treated to 
kraft pulping. The radioactivity of pulping black liquor and 
of kraft-treated wood tissue was determined at six stages of 
the pulping, and the percentage of the activity of the black 
liquor and the wood tissue was calculated. Because most of 
the 3H activity was incorporated into xylan, the change of 
percentage with progression of the pulping may represent 
the approximate behavior of the whole xylan during the 
pulping. The behavior of pectin during kraft pulping was 
estimated by the changes in the percentage of >C activity. 
Figure 2 shows the percentages of 3H and 14C activities of 
the black liquor and the treated wood tissue at various 
stages of kraft pulping. 



The change in percentage of 3H activity coincided well 
with results reported previously. I6 At 20, 40, 60, and 90min 
after the start of pulping (pulping temperature 61 ° , 92 ° , 
123 °, and 170°C, respectively), 48%, 71%, 75%, and 85%, 
respectively, of the activity was distributed in the black 
liquor, indicating that xylan was dissolved rapidly during 
the heat-up period, and the dissolution was almost complete 
before the pulping temperature reached 170°C. After 120 
and 150min (pulping at 170°C for 30 and 60min, respec- 
tively), the radioactivity in the black liquors decreased to 
80% and 70%, respectively, indicating that redeposition of 
xylan on pulp fibers took place rapidly soon after the tem- 
perature reached 170°C. 

On the other hand, at 20min after the start of pulping, 
36% of the I4C activity was detected in the black liquor, 
Dissolution of pectin during kraft pulping was demon- 
strated by the radiotracer method. At 40 and 60min after 
the start of pulping, 50% and 42%, respectively, of Z4C- 
activity was distributed in the black liquor, and the percent- 
ages were not as large as those for 3H activity. This result 
indicates that pectin was not dissolved easily as xylan at the 
earlier stage of pulping. After 30min the ~4C activity of the 
black liquor increased, and 69% of the activity was distrib- 
uted in the black liquor after 90min. This result indicates 
that the dissolution of pectin progressed preferentially 
somewhat before the pulping temperature reached 170°C in 
contrast with the almost complete dissolution of xylan at 
this stage. After 120 and 150min, 69% and 70%, respec- 
tively, of radioactivities were distributed in the black li- 
quors, and the activity was almost constant. These results 
indicate that about 70% of pectin was supposed to be dis- 
solved during kraft pulping, and pectin was not redeposited 
on pulp fiber, in contrast with the rapid redeposition of 
xylan at the late stage of pulping. 

The difference in the behavior between xylan and pectin 
during kraft pulping is revealed clearly in the change in 3H/ 
~4C values of pulping black liquor and kraft-treated wood 
tissue with an increase in pulping time. If xylan and pectin 
behaved similarly during the pulping, at each stage the 3H/ 
~4C values of the black liquor (3H/I4Cblack liquor) would be 
nearly equal to that of the treated wood tissue (3H/14Cwood 

tissue), resulting in (3H/14Cblack liquor)/(3U/14Cwood tissue) "~ 1, Figure 
3 shows the values of (3H/14Cblack liquor)/(3H/14Cwood tissue) at vari- 
ous stages of kraft pulping. 

Except after 150 min the values were larger than 1, indi- 
cating apparently that more xylan than pectin was dissolved 
at each stage, and pectin was not dissolved as easily as xylan. 
During first 60min especially, the value increased to about 
4, indicating again that xylan was dissolved rapidly at the 
early stage of kraft pulping, whereas pectin was not dis- 
solved easily at this stage. At 30min later (60-90min total) 
the value decreased, indicating that the dissolution of xylan 
was almost completed at this stage and pectin was dissolved 
preferentially. After 60min (90-150min total) the value 
decreased. After 150 minutes, redeposition of xylan on pulp 
fiber took place but that of pectin did not, resulting in a 
value of <1. 

The differences in behavior between xylan and pectin 
during kraft pulping could be due to heterogeneous distri- 
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Fig. 3. (3H/14Cblackliquor)/(3H/14Cwood tissue) values at various stages of kraft 
pulping of wood tissue in which xylan and pectin were labeled with 3H 
and 14C, respectively. 3H/~4Cblac k liq .... 3H/14C value of pulping black li- 
quor; 3u/t4Cwood ti ..... 3H/14C value of treated wood tissue 

bution of noncellulose polysaccharides in cell walls, that is, 
xylan mainly in secondary wall and pectin in middle lamella. 
During kraft pulping, pulping liquor is supposed to pen- 
etrate the cell wall from the lumen side. Pulping liquor is 
rapidly able to reach the part of the cell wall close to lumen, 
namely the secondary wall; and xylan distributed mainly in 
that part could be dissolved and move from cell wall to 
lumen easily, resulting in the rapid elution of xylan from 
wood. Pectin distributed in the middle lamella, the part of 
the cell wall far from the lumen, could not move to the 
lumen as rapidly as xylan. In addition, lignin is highly con- 
densed, and it is present in large amounts in the middle 
lamella, so middle lamella lignin is not easily removed dur- 
ing kraft pulping. Pectin would be associated intimately 
with lignin in the middle lamella; hence pectin cannot be 
dissolved as easily as xylan. 

Conclusions 

Xylan and pectin were labeled with 3H and 14C, respectively, 
in the cell wall of magnolia by feeding myo-inositol-[2-3H] 
and o-glucuronic acid-]654C] simultaneously to a growing 
stem. The double radiolabeling method was useful for com- 
parative studies on the reaction of polysaccharides in tree 
cell wall. It was found that pectin was not dissolved as easily 
as xylan during kraft pulping, and pectin was not redepos- 
ited on pulp fiber at the late stage of the pulping. 
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