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Resumる

The eharaet記1・isticsof holopulp elemel1ts frolll five Illajor speeies of bamboo grown il1 

Burma wcre studied il1 comparison with two Illajor sp君。icsof Japal1ese bamboo. V乱1・ious

methods to obtail1 the b乱mbooholopulps wer・eexamilled乱l1dtho pera巴eticacid l11ethod was 

fOUl1d to bo the suitable methocl. From the classifi巴atiollof holopulp， tho fractiol1s rotail1ed 

011 60 alld 100 l11esh screell wero composed of fiber elemellts alld the fractioll passed through 

100 mesh screen contained a1l110st non-fibrous elements. Within the seven species of bamboo 

usecl in this experime泣t，the holopulp yielcl as well as the per‘ccn tagc of fiber elcments can 
bc cliviclecl into three groups and these gToupings are relatecl with the type of vascular 

bundle of bamboo tiss百e.

ピルマ謹および悶内践の竹材数邸宅合洪紙，それらから綿製したホロパルプの構成段:認の特散~

IiJf犯した。まず竹材 rt守口パルプの路線法主主検討し~品開:隊法が過していることを認めた。*'ロパ

ルプの節期ぞ行った品占拠，議長線袈議の殆んどは60および 100メッシュ残額[送分に e主

張の大部分は 100メッシュ湿地区分{ζ在1'1:することが判明した。ホロパルプi収率および繊維製

来の比率は 3つのグループに分けることができ，この分獄が竹材組織における桁¥11許取締の前列パ

ターンと関連している ζ とが指定された。

1. Introduction 

Bamboo is the most impol'吃antfiber resource for pape1'l11aldng in tl'opical region of Asia， 
cspecially in Inclia ancl Burma wherc about 300 species of ba111boo al'e grown D • However， 

only two species of baml1oo， Gephalostachywn pel'gracile anc1 Bambusa polym01・pha，are now 
pl'actically usecl as a raw matむl'Ialfor pulp industl'ies in Burma anc1 the Itnl1ual procluction is 

about fifty thousancl tons of bamboo pulp. On the othcr hand， it is r日portedth乱teconomically 
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extraetable bam boo in Bul'・maamounts rmnually to nearly five mi11ion tons2). For effective 

utilization of bamboo l'eSOUree8， it is very import乱ntto make clear the papermaldng・
charaeteristics of bamboo pulps from a variety of bamboo species. 

Although a 11 UI日lberof research papers have been report吋 concerningbamboo pulp3.4.5)， 
more information is required to understand th号 papermakingproperti記sof bamboo pulp. 

The present paper is 011君。fth君 firstthorough research 011 papel'maki11g characteristics of 

BUl'mese bamboo pulp. The data on holopulp elements in additiol1 to 80me tissue structure 

and chemical composition are presentec1. 

Experimental 

2. 1 Materials 

Five l1lajor speci巴Sof Burl1lese bal1lboo from the Pegu Yoma Bamboo Forest， which is one 

of the most extr・actablearea in Burma， wel'e selectec1 for this study. And two species of 
Japanese bamboo growl1 in the Kamigamo Experimental Forest Station of Kyoto University 

Forest， wer・eused fol' comparison. Table 1 shows g・e11er・alc1imensions of the s乱IIIplcs. 

2. 

Diall1ctcl'二 Cll1

Base 

7.2 

7.0 

4.2 

3.6 

Gencr‘乱1dill1CllSiollS of different species of bamboo Table. 1 

Chip clcnsity， Hcight， Agc1 

g/cm3 

0.63 

0.62 

0.8:3 

0.64 

'l'op 

2.2 

2.0 

2.2 

1.1 

m 

6.8 

5.6 

6.2 

4.4 

y1'・

寸

よ

作

。

咋

i
'
U

Bot/ln ical ll/lll1C (V 01・IlllCularnall1c) 

Phyllo.llachys bambnsoides (Madakc) 
。 /f

Phyllostllchys pubesce判s(Mosochiku) 
。 /f

0.60 

0.69 

0.70 

0.67 

0.77 

3.8 

3.6 

2.3 

4.6 

5.3 

5.3 

3.3 

7.4 

5.1 

5.1 

3.8 

6.思

。οh
H

F

h

H

γ

んザ一

h
n
y

CephalostachYllm pe;'[Jl'llc1Ie ('l'in wa) 
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Bωnbusa tulda ('rhaik wa) 
Dendγocal匹musI0l1{jispathu8 (Wayar) 
Del1dγocalamus membranaceU8 (京、pbyu)

2.2 Obsel'vation of bamboo tissues 

Cross section of bamboo tissues having' 20 to 50 /-"111 of thickness wel'e prepal'ed anc1 

obsel'ved undel・乱 photomicroscope. Accol'c1ing to Liese's classification methocP勺 itwas 

confir・medthat scven species of bamboo us芭dill this experimcllt can be classified into thre。
vascular bunc11e types， na111記lytype 1， type ]1 and typc 1Il， as shown ill Fig'. 1. 
2. 3 Chemical analysis 

'I、hel'csults of chernical a11乱lysisaccol'c1illg to rrAPPI stanc1arc1s are summel'ized ill 

Table 2. It was fO¥ll1d that the BUl'mesc bamboos are lower・inlig'nin cOl1tcnt but high巴1・

in ash巴olltentin compal'ison with thc Japanese bamboos. 

2.4 Pl'epal'ation of holopnlp 

As described in Section 3.1， the mcthod of Leopold， first ac1optec1 by Poljak， was 
modified for the preparatioll of bamboo holopulp. rrhe alcohol-benzene extl'acted thin shavings 

of bamboo sample (17 x 7 x 1 mm) wel'e treatec1 with 15.39五 aqueoussolntion of pcracctic 
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1'hむc1assification of vasculal' bundl邑 typein bamboo species 
(a) P. oambU8oid88 (Type 1) (b) C. pCl'l}l'acilc (Type II) 
(e) B. polymol'pha ('l'ypc IlI) (d) D. memb1'(tη日ceus(Type IlI) 

Fig. 1 

Note": 

Phyllostachy.~ species was assigncd as the Type 1， whieh cOl1sists of OllC pal't 
(ecntl'al vascular strand) and sclercnchyma sheaths as the supporting tissuc. 

CepJwlostachy!on species was assigned as thc Type立， whieh is quite similar to the 
Typc 1， but sheath at thc intel'己日llulal'spaee is strikillgly lal'ger thall other ones. 
Bambusa alld Dendl'oca!amu8 species wct'e assigllcd as the Type IlI， whieh cOllsists 
of two parts (eclItral vascul!ll' str!lnd and one fibel' stralld); fibel' stl'and is 

inside the centl'al stl'!lnd and sheath at the intere邑llulat' spacc (protoxyl邑m)

g'cnCl'ally smaller than the othel' ones. 

Holo・

6告llulosc，
% 

67.62 

64.82 

63.3，1 

60.50 

Chemical cOl11position of diff芭l'cntspeeies of bamboo (ovcn-dl'ied basis) 

AIω1101-
benzellC 
solubles， 
% 

1.37 

3.67 

2.43 

2.53 

Pcnto詰札口，

% 

21.56 

19.97 

21.73 

20.59 

Tablc， 2 

Lignin， 

戸
口
ハ
U
s
i
n
h
v

"
b
q
u
p日
ワ
w

;

-

-

-

-

aパ一

5

6

5

9

一
つ
“
つ
ω

ヮ“つ臼

Ash， 

% 

1.09 

0.92 

1.69 

1.27 

Age， 

-q

司

1

向

。

噌

i
=
υ

宅・
7
V

Species 

P. bambusoides 
。

P. p世besceηs
。

63.74 

61.19 

67.93 

66.96 

67.47 

20.80 

20.30 

23.30 

18.15 

23.10 

24.80 

23.20 

25.30 

4.10 

5.20 

3.10 

3.55 

1.59 

2.10 

3.00 

2.0。
1.81 

1.45 

。0
9

9

0

0

C. pergracile 

B. polymol'plw 

B. tulda 

D. longispallws 

D. membranaceu8 



239 

acid， which was f1'eshly p1'epar・吋 as desc1'ibed by Poljak6•7) , at 800C fOl・30 min fOl・eac!i 

cyclc of t1'eatment. 'I'h1'ec conscc羽tive巴yclesof t1'eatment， without washing' and c11'ying the 

shavings after each p♀r札口eticacid t1'eatment， wc1'c ca1'ried out. '!'!ic 11010])日lpaItel' thc thil'd 

tl'catment was followed by soclium borohydl'ide rccluction anc1 defiberizec1 by gentle mechanical 

agitation. 

2.5 Ch凶器ificatiolltest fo1' b乱日1booholopulp 

'1'he holopulp p1'cpa1'ecl巴a1'efullywithout any loss of fines， was subjectecl on a clyn!¥111ic 

drainage jllt・withpresむl'ibcd111esh SCl'cen to classil'y the holopulp clcments. 

3. Results ancl cliscussion 

3.1 iVIethocls fo1' pl'cparation of bamboo holopulp 

An attcmpt to obtain bamboo holopulp by the chloritc mcthoc1 failec1 bccause of the strong 

rcsistallcc of bamboo tissues fol' dcfibratioll. Leopolc1 has shown that thc pcracetic acid 

methoc1， modificc1 by a subsequcnt soc1ium borohyc1ric1e step， gives superior holoccllulo日記

fibers with 93四 100%recovery of majol'・ polysacehal'idesanc1 a minimum of c!ll'boxyl groups 

for pi日記wood~). 

1n o1'cler to simplify the procec1ur・eof the peraeetic acicl method， a proposed procedu1'e was 

compal'ec1 with Leopolc1's pl'ocec1ul'e. The pl'oposecl methoc1 is a continuous Olle without hot 

watεl' soaking anc1 air司c11'・ying'aftel' each cyele of treatm♀nt， while both the proeesses a1'e 

incluc1ec1 in Leopold's pl'OC巴dure.

Tabl日 3shows the pel'centag'e of insoluble matcrIals aftel' e乱chtl'eatment. After three 

円rnblc.3 Compnrisoll of procedures in the pera~etic 札cid methods (P. pubescens) 

Number of tl'catmcnt 
Yield of insolubles， % 

Leopold' s Proposed 
_.Pl'竺edure …… !)l'ocedure~

1

2

3

 

68.5 
59.3 
50.0 

68.5 
61.2 

50.1 

巴yclesof peracetic aeic1 treatment， the c1efibrated holopulp was finely obtainec1. No 8igllifical!t 

cliffel'ence in holopulp yielc1 was c1etectable between the two proecc1ul'・邑s. The value of 50こと

0.1% was about 10% less than the or匂inalholocellulose contellt c1etermInec1 for the bamboo 

mea1. .Pentosan cOl1tent of thc insoluble matel'ials of P. pubescens aft邑1・per・ac色ticacicl 

treatmcnt is 8hown in Fig'. 2. This inc1icates that lal'ge part of th号diffcl'enccbetween thc 

holoeellulose content and holopulp yielc1 知的rbe causec1 by dissolution of pelltosan during 

peracetic acicl tl'eatment. Since ther邑isno othel' suitable method to pl'cpal'e bamboo holopulp， 

the pl'oposec1 pl'oe日durewas used fol'・ investigationof bamboo holopulp elem邑nts.

3.2 Elements of bamboo holopulp 

Bamboo pulp contail1s substantial amoullts of pal'en己hymacclls In ac1c1itioll to fibers and 

vessel elemellts. To sepal'at♀ these pulp elements， the holopulp was classifiec1 using a 
dynamic drainage jar. 
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Fig. 2 Pcntosan contcnt of insoluole matcrials aftcr pcracteic acid treatmcnt 

Fig. 3 Microgl'aphs of a SCl・iesof fl'actiol1 of D. membj'a祝日ceus
(a) 011 60 mcsh (b) 60即 100mcsh (c) 100叩200mcsh 
(d) through 200 mcsh 

Figul'e 3 shows micr・ogl'aphsof 乱 sCl'iesof fruction of J). membra1!(lceus given as al1 

example. The fraction rctained on 60 mesh SCI・cen 自己0l1lposedof sound fibcrs having‘ahout 

1.85 l1ll11 in mean length alld few vessel elclllents， whercas th記 60ω100mesh fraetion 

con tains sllm・tfibers and fibcr fl'agmen ts， w h ich wer・e日臼tdur・ingthc shaving preparatiol1， 

having 0.8 111111 ill mean leng.th. Thc elelllcnts which passed through 100 mcsh screcn 

cOl1sists of par・en巴hymacclls and few fibl'oU8 fines. lt 8eems that thc amount of the 
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Result日01'thc elassificatioll test of holopulp 01' diffcl'ent spc日ics01' b乱mboo
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fraction on 60ω100 mesh SCl'初日 if; approximatcly cqu乱1to th哲札l1l0untof fibel' clcl1lcl1ts in 

thc bal1lboo holopulp. '1'h邑1・csultsof the classification tcst were presel1ted il1 '1'able 4. 

Liese and lVIcnde have reported that the al1lount of pal'cnchyma cells decreascs with 

∞rl'csponding il1cl'case in thc propol'tion of fib日1・s，with in巴rcasinglIeigh t oI thc culm町.
Howevcr， thcr・官 was 110 sig'l1ifical1t diffel'encc in thc pl'oportion of pulp clcmcnts of 111乱turむ

P. pnbescens witlI iucrcasil1g、heightof thc culm. Moreovcr， the holopulp yicld slight1y 
dec1'・casedwi th il1creasil1g the heigh t. 

Of the Japal1ese bamboo species， the holopulp yi日ldof .iuvenile bamboos arc remarkably 
higher thal1 thosc of mature bamboos. Although thc l1ew bamboo shoot乱ttail1sits height 

anc1 di乱metergrowth duril1g' the first growing‘season， the total cull1l weigh t above the g-roul1d 
111ay still il1crease clul'ing additiol1al g'l'owil1g seaSOllS. The gl'owth of ba111boo would be 

completed threc yeal's aftel' sprouting101. For this reason， a highel' pulp yi芭ldil1 juvenile 
bamboo does not mean a hig-her pl'oductiol1 of pulp per ul1it are乱 ofba111boo forest. 

Fol' the l1lidc11c part of mature culm， thむholopulpyicld of BUl'mcse bamboo species wel'e 
rcmal'kably higher than thosc of J乱panesespecies. From Table 4， the v乱luesof holopulp 
yield l1lay bc c1ivic1ed in to three groupsj this g'l'oupiug' is also fi t for・th邑 totalyield of 

fiber clements， i. e. 1・ctail1cd011 60 mesh Iraction plus 60司 100mesh fraction. Wiもhil1the 
spccies usec1 il1 thc p1'・escntexpel'imel1t， it was found that the holopulp yield was elosely 
relatec1 to the type of vasculal' bundle il1 bamboo tissues. '1'he m!tximull1 yield w!ts obtainむd

from CephalostachY1lm speeies which has thc vascular bundle type宜 accol'c1ingto Liese et乱1.1〉，

whel'・日asthe minimum yield from Phyllostachys specics having the vascular・bundle type 1 al1d 

B品mb泌sa乱ndDeηdl'ocalω1WS spccies having' the type JIL is between them. 
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