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Studies on Some Properties of Stem and Shoot of Bamboo ,
(Phyllostachys edulis R1v.)

— Especially on Properties relating to Water —-
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Table 1. Main samples

Bamboo-stems | Bamboo-shoot
. . . . D: break
No. Habitat Cutting years |Cutting seasont No. Habitat ays ?j(t): ggﬁf;‘:: of soil
Tokyo Osile
University ’ gikubo in -
1 | forest in Chiba 2.2 Feb. 1 Tokyo. 4~20
prefecture. N
» | Tsuchiura in -~
2 " . 1.7 | Sept. 2 Tbaragi 1~40
i prefecture.
Asakawa in
3 Tokyo. 1.9 ’ Mar.
I =2 & 5 &

BRI TR & SRR L BT 5 HINT, 1RO L5 nEEYREL. RIe2n Tt
W5 L, (BERBEE, B0 dqk Rc/NE0gE (1) 2D 232, 7¥ 7 (2) »b
ThHitry X (3) KIDTHEREE Y, FROBEC XS THELLRE Ry~ (4) k&
BhT 5, (5) BREAOAT V>, (6) BFAALFTY —Thho

R OB AT, BE (7) 1bF o r— 2 — PR TR L, i, TomBE
Rz DB, bt (8) D_LE 30 cm DOFRCHSERR (250 W) & HY DT,

=&
T
w T | _e
) ol T

1 v

Fig. 1. Apparatus for testing hygroscopic and seasoning velocity.
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Fig. 2. Apparatus for obtaining dielectric constant.
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L EORBOYM AC 2Hil. (CO 20L& 0RE (C) o¥saz, (C) K~y y—n
AN ED ACB #FEAR, ACB=(e5—1) Co '@iﬂ:loﬁ:p 220, eg vy —nod
BERTH Do LAMIES 7.5cm « BHE 3cm O/NIRBRAE DU B L LT 2 K 08
BEDOU, EORCAST 4 v H Bl b 0T, B2ROL S Thbe ’

tra.nsityon‘ ,_lz | L _L va,l've\
oscillalor £;/_sz AR J:EQ—’— voltmeter

Fig. 3. Condenser cell for obtaining dielectric constant.
SR HEREOBEEIRL Uico Fio, AMRITHEEE LTEORE & BAE 2 2N
LThbluico RIBHEES X OPHEARIFEEHRIC L, O AREREEC L Th b RIS
SEIHEDMETH Do FIEEBIT/IN X BB A L-BeRT D Tl Ui,

NV EBER ks
1. % B
(1) BAIOBREE & BIREE
FRDIT, FFHEROKE S X > TRIBHEBECEN S 55 & 5 vkl B Fodic, b No. 4
ZHEBIL T 20~30 « 30~60 + 100< % » > 21 3KGrL, D& 21D\ T‘%’(ﬁﬁ%‘&?ﬁﬂ%bto
%@%*%01%4&!@& B Th5B,
(2) BEOWMIIOHRIC X B Rk

(a) ARB~SHRIOBIEEE  #4 No. 5 %AV, chEKEFREIC 4 AT
To Flebb, REER BBRMERE (1) « ZAMTERO 5 b © LB OB o5
(1) « B #4(m) %W@U@Eﬂ%ﬁwﬂ@% (V) Thdo ThbOBIHEEIIE s Rt X5
W, SMADER SIS SHEIC W SRBEDTRE fe Dt 1o, FHAKREAL L S %
AL, :

(b) FMBIOFERAR 3k No. 5 %V, TEFFOLMINCIT, TiwRE
EFHEERR L BB Lico DML 2RCTT L 80 Thbo Tiobb, 7 EIHHFOR
RED T D AE L, 20~30 BARBHE R b /8 Voo P L o200 33 MTRHE 20~30 M
FTHB L TRk Th o,

Table 2. Equilibrium moisture content of each bamboo stem sample from various interknots.

I}WJ ;‘@m’t 3 ‘ 5 I 7 ‘ 10 12 ' 20 ' 25 ’I 30
65 8.2 8.1 8.8 8.6 8.4 | 7.5 7.6 7.5

76 10.1 | 10.2 | 11.1 | 10.5 | 10.4 | 9.6 | 9.4 | o.5

98~100 3.9 | 34.4 | 28.4 | 28.2 | 26.0 | 25.8 | 24.6 | 24.8

R, H.veooveneenennnn Relative humidity
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¢ :30~60mesh d :20~30mesh Fig. 5. Hygroscopic velocity of bamboo
e : 100 mesh stem test pieces picked out from
Fig. 4. Hygroscopic velocity of bamboo .
stem powder separates. (Relative . . inner parts and outer parts

humidity (R. H.). 78~81% and95%.) respectively.

(3) WHrkr & BRATH & ORIBHEDZE

(a) HEHOak®R  HECHELTHHME
b e W& o443 100095 DEDOEAELRL, &b
e DILHERIE A 4 HET 14509 TR,
1> BBk s & 200~300% BECEASL, IHE
2‘~372 rHEH®D O T 150~200% BE LS. 6
B X009 AICRIELI S 01 2 BILRIRLI S0 X
D R AKE AR Lico SHERARC LIz ¥ 02K
REDOWTHD L, HH TR 11~17% THLD,
BAH T8 ~ 9 %iish, £l 2 ARKELID
D16 A3 L0 AICRE LI DIRIEBLT, 27K
BHKE VERSNEDLN D '

(b) WM OBIBEE SRR ,
REH L bORFEBRIHEBL AL, —EEKE RPN —

Moisture content (%)

e
. vt 2 3 4 5 6

B LRI ERE U SR LRI 2 R &, ,

’ ‘ Time (hour)
60°C I TEE L, BACKEREEC Lizo 300 No. a3 4days Db :6days ¢ : Odays

, ‘ . . , d :20days e :35days

Vvl & @@(@ﬁ%%‘% 6 R, i No. 2 Fig. 6. Hygroscopic velocity of
BRI L & Db ORE IECTE T, bamboo-shoot. (R. H. ‘954%)
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Table 3. * Hygroscopic velocity of ‘bamboo-shoot (R. H. 76~80%)

\IE}E, 3 5 7 10 20 35 20
Hot Hot | - Hon Hot Hot Hot Hot
- N v
e et TAIEE oy MRS et VALeT|ru| VAL reat. VST rent V2L rrat TRNET
Hrs. ™ men; ction ment ction ment ction ment ction ment ction . ment ction ment ction
0.5 3.4 6.3 4.3 9.6 2-9‘ 7.3 3.5 7.0 | 6.6 7.4 5.5 7.4 5.6 7.2
1.0 5.4 8.2 6.2 | 11.2 5.0'| 8.2 5.9 8.1 8.9 8.4 7.6 8.5 8.1 9.2
1.5 6.8 8.8 7.4 " 6.3 9.2 7.4 1 10.3 1 10.7 | 10.4 8.7 9.4 8.8 9.6
2.0 8.2 6.2 9.2 11.3 7.6.(- N 8.4 | 10.5 | 11.9 4 9.5 n 9.5 9.8
2.5 8.9 " 10.4 14 8.8 n 9.2 M 12.1 14 10.1 4 10.0 "
3.0 9.3 4 11.0 n 9.5 14 9.7 " n n 10.3 14 10.3 n
3.5 9.7 4 11.5 n 10.1 14 11.1 4 14 4 10.5 4 10.4 n
4.0 | 10.0 " 11.7 " 10.4 | 9.3 " " " " " " " "
12.0 14.2 9.3 ] 13.7 | 11.4 | 12.4 " 11.3 4 12,21 ”m " 4 4 4
24.0 | 16.8 " 16.1 " 12.6 " 12.0 " nmoln nolon " I
48.0 17.0 4 16.3 n 13.1 9.4 " " " " " " n "
72.0 4 " 16.4 4 4 U " " " " " " n "

RDdDBL, 5~T7HEDS DL 1.0~1.5 FERIORMEEL 20~35 BHDOH OB
LTURE W, X 5~7 HE OV EE I 5RO OREHEEI/NE W LIRS O T
TehEELILRD, ‘

(C) BRI RO+ 5BEABOREE  RIBEECOWTAD L, 6 JERLE
L0 2 AR X000 Bl Ui b OB L Th 3 WERZTRD bhbo H4RCTHT L 510
FHFEKB D ELRE V. b OB LIRS B 72 b OISO THRISE L AR % &
By, BIREE 9% O L& OFELKRIIT 9.5~11.0% ThH 2T, REFHHT X BEAVN
X<l Bo

Table 4. Hygroscopicity of bamboo stem of different ages.

Cutting age (months) ' 2 ‘ 5 ] 10 } 14 ! 17 } 22
Cutting season (month) June. | Sept. | Feb. June. | Sept. | Feb.
. Moisture content of air-dried bamboo sample 8.7 8.7 9.0 9.1 8.7 - 9.0
Equilibrium moisture content (R. IH. 95%) 15.1 13.1 13.5 15.2 12.8 13.3

Fio, 5% TAZ—ARIVEKSY) Y THB LAOLORBERZHZ L, TA= -0
HIIBREEVETIE52, v SVARIELVEY L E L,
(4) PHEESKHICALEE Uit o R P

Ev S ZnClg-CuSOyNaF-Na—PCP-DNC (Dinitrocresol) -NaF +Na-DNC(8:1) ©%& 5 %
W (DNC 0% 0.1%) & 30 SBE L. thd ORBEEYRTL, BETRDOLBH T
5% ZnCly MFEDBFEW IR I X O RKE1 T HAE {xh, DNC MHDBFEIT
BEA/NEL B, FRRCOWTRBEOEREITOICHRIL, E5RCRTLEBY THDo

2. ¥ b ] '

(1) FHIDOKFHAFEHE

IKDFESERBEL, W) E T, FRELIHOBKRLAELITHEAMOBE TV &
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Table 5. Hygroscopicity of filter paber treated with various preservatives.

Concentra- Absorbed* quilibrium** Moisture Moisture

Preservatives ) solution :L(;ls?;re é::élltz " | content at | content at

tion (wt. %) | desiccator 75% R.H. | 95% R.H.
Na-PCP 5 27.4 2.8 3.6 27.0
DNC 0.1 14.2 8.0 1.6 16.9
NaF+Na~-DNC 5 ’ 22.8. 3.2 ©5.2 32.0
CuSO0, n 43.7 8.1 3.9 27.9
NaF " 23.6. 2.6 4.5 24.7
ZnCl, 4 90.0 14.2 7.7 73.3
Non treatment —_ 14.6 2.2 . 3.7 12.5

* Filter paper air-dried for a week was used.

*k  Filter paper was placed in CaCl, desiccator after drying in air.

Zl‘lClz

CU.SO4

Non treatment
Na-PCP
DNC

Moisture content (%)

[ 1 []
2 4 o6 8 10 )2 24

Time (hour)
Fig. 7. Hygroscopicity of bamboo stem treated with various preservatives.
HBT 52 L HEETH D, BT HE FTODDODHEIEHEFIL 20~40 HED b ORIHEL
TENT/DE . 1~ 20FHLE B0, REHEOKE D O LIREEI/ NI WER LR L
A ERET S C LI IO CHEREFEFEIRELRD LR LI, 6 HITRERLI 2
FARBIO 14 Xy AEORMS BB CRE L UKGHERELIRE LA, 27 FEDI DL
HERBHENRE L, JERHOBKBIVMIWVRREZE .
(2) <F by e Fra—xig ¥ OKER OSSR
Skt IR R RET B 2 L X 0T, FORIBHIRAT 5o 0T, HHRGORK
ML EIREEE L A LB RBEWNT, X7 by e 23— R U OEBEEER LN #KD
I 1g/em?-hr i b X ) REBAEYELICRE, KOEREEIPACTHRST 5 &
DEKBIL, X7+ TR 0%HBETEH D, I —RT 4%, ¥a—7v—RTi 20%,
A —ATIRT % ThbDo 7 ¥ KEHKIZ 98°C B LICHER RV THEKE 204 ©
ACHRRIEN AT 5o 88 BIC 2 Lb OYIA SR S R BE ORBETTo BIRME~7
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Fig. 8. Evaporating velocity of peptone, sucrose, glucose, and cellulose
(In each case, 4.5g of 20% solutions was evaporated.)

(3) BHESEH AL Lo BRAT A T DBz
skt No. 2 o6 5 GEMEFFD X2%x0.5cm  (87k® 11.3~11.5) oM % o< v, ch
% 2% Na-PCP # X0 0.1% DNC OBEECRIET UKHEEL, ChrBREENIT
1009 D7 > & —z —4C 1AMBGE U Ch b ITIRRBE 2 JIE Lico BB OE MR~
33%EETH O,
FHIMRT X 5K, DNC THME LM HA 1L Na-PCP TME L7z D X Dk OffEhH
e E WERINTD SR, FE2T DNC MM OB MNEIEHEI/NE L b,
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Fig. 9. Evaporating velocity of baboo stem treated with
preservatives, Na-PCP and DNC.
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Fig. 10. Relation between moisture
content and electric capacity of
bamboo stem. "
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Fig. 11. Relation between moisture content and
electric capacity of bamboo-shoot in the
course of growth., - i
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(3) PHEEEAcAER LR R OB ER /KRR
ﬁﬂ@O%Omﬁrlzﬁﬁﬁﬁbt&K,woﬁhGNCTﬁ%Lt%@%,w(Zomﬁ
20 AEKEEL, R X 0 BRRCRERNE Ul s a A ik 2 Lico

Table 6. Equilibrium moisture content of
bamboo stem treated with various = 250
concentrations of preservative solutions.

| Equilibrium
. Concentra- | moisture
No. Preservatives tion (%) content at ___ 200
100% R. H. "3
I Na-PCP 0.75 14.3 "_'T
I NaFggl\j%DNC 1.5 17.0 L‘F 150
. NaF-+NaOH ~
1L (7:1) 4.0 . 19.0 E
w CuSO, 7.0 19.3 ‘g‘
(=
v Na:COs 0.5 25.7 ° too
"VI | Non treatment — 36.3 {",
[5]
o)
A

0
o

i LIk EAE 12 MR wA ROPFE
BE e L35, AC=(e—1) Co THDHND, .
Lisho BBORIEANES Lic—5E LT -1 1
e—1 v 1o IS Y0 25 30
Wwighinbh, W ZHOo0Thbi LIz, KKk Moisture content (%)
B L, AEHEREIESRHCALIE USRI igsk  Fig. 12, Dielectric constant and moisture
content of bamboo stem treated with
FICHME Lo d O HE LTk & OFEET18B various preservatives.
1@[51 &R LTCO
4. HiEMEED E‘D%ﬁ#l VB & OBIfR
BRRC 7 4 7 C A BHE L 2 MR OSSR BR L 2 = 5, OF Ol EER,

Table 7. Growth of mold (Penicillizum sp.) in various parts of bamboo stem.

\ Parts [Inner~outer parss Interknots.
S~ ] ~
Growth ™ | I I W W | 1 2 3 4 5 6 7 8 9 1011 12 13 o
T ob ot o+ | £ b b of o+ o+ o+ o+ ok o+ o -
Gtowth of + _ - + + + o+
mold T + + *

Fle, 2ARIC6 ACRELILDIOZI ARRRLICS DL D & 1 ENFELLT L, RiK
R WTEREHEOKREWSDIC 7 ¥DFE4S o REWERNEDLN D

SOOI BT

(1) RE~HERIOEH® | R
BSOS 2 S ONTH (JRRERED) 2V, WE~HEIIBEAE 25 D, chckL Ty
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RAFFHEC X AEIEREYRAN, FOHBIESEDOLE I Thd, BT7EIEEHLL L
63,%0¥ﬁxlwﬁﬁoﬂﬁu,(m)@ﬁﬁ@@bfk&<,(I)@%ﬁﬂ%%&émo

Table 8, Decreased weights of Samples from inner and outer parts of bamboo stem
by Irpex lacteus Fr. at50 days after inoculation.
Moisture . .
Air dried | content of t\iv‘;?:)gr]:ét V‘;fl%ht Decreased Decxfeased
Parts air-dried - alter weight weight Remarks
weight (g) | bamboo decaying decaying 0
stem (%) test (g) test (g) €)] (%)
I | o0.453 9.93 0.413 0.412 | 0~0.001 | 0~0.24 |Each value sho-
ws the mean of
i 0.473 10.26 0.429 . 0.412 0.017 3.96 |5 test pieces. In
b 0.484 9.75 0.441 0.387 0.054 12.24  |the case of No.
1, epidermis was
v 0.508 9.48 0.464 0.418 0.046 9.91 contained.
(2) EHEABIH OEFR

okt No. 5 2V, (D) 0SB HMBMER (4x2x0. 5cm) z2<b,

5ILT, BHRyELIC, T0RBIEIRDOLED Th b,

IR EAVES

Table 9. Decreased weights of samples from various interknots of bamboo stem
by Irpex lacteus at 60 days after inoculation.
No. of Weigl}t befor Weigl}t after Degreased De(_ireased ’
interknots. decaying test | decaying test weight weight Remarks
() (&) €3] (%)
-1 2,235 2.030 0.205 9.17 Each value sho’wsv
3 2.272 2.082 0.19 8.36 the mean values
5 2.226 21099 0.127 5.71 of 4 test pieces.
8 2.450 2,260 0.190 7.76
11 2.344 - 2,100 0.244 10.14
13 2.358 2.123 0.235 9.85
15 2,195 1.831 0.364 16.58
18 2.326 2.098 0.228 9.80
20 2,362 2.033 0.329 13.93
25 1.783 1.540 0.243 ~13.63 o
30 1.775 1.582 0.193 10.89
33 1.648 1.528 0.120 7,28

OB LD L,

LSKTHE.

(3) REFSMBIH OB
REFIII OBFRIIE 10 BO L B H ThH b,

MBI OBATERILE 11~20 MIHO b DICkE <, Hc 15 BlIHCE
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Table 10. Decresed weights of bamboo stem at various cutting seasons. .
by I7pex lacteus Fr. at 50 days after inoculation.

No Cutting| Cutting Weight before] Weight after| Decreased | Decreased

decaying test | decaying test| weight weight Remarks

season | months (g) : (@) gg) (%)
1 June 2 2.858 2.710 . 9.248 8.38 Each value shows
2 Sept. 5 2.107 2.042 0.065 3.08 the mean of 6~8
3 | Feb. 10 2.030 1.826 | 0.204 10.05 test pleces, In

case of No. 1,

4 June 14 2. 141 . 2.087 0.054 2-.52 epidermis and
5 Sept. 17 2.055 1.878 0.177 8.61 inner part (IV)
6 | Dec. 20 2.020 1.887 0.133 6.58 were contained.
7 Feb. 22 2.185 1.933 0.252 11.55

8 Dec. 32 1.982 1.791 0.191 0.64

FRILELBHL, 2HACRRBRLAELDOE, 6 ARIV9 AR LI OREE LT, BIHRINK
Thbo
V W

1) KEOFROBEIE BT CHA L, SHeeBHTC e~ rERB LR CE
LEETRAME LI,

2) A ORIRME AR R 5 1 Licas Tk &, HilBIcs 7~12 @0 b ohikE
Vo M OB EITITHE BSR4 T HHIGED SO0 RE L, ¥MBERFEHARITI6 AL
Tod OIKE o AR RET 5 &, TEMIIS B,

3) IEFDILER—, ZOFMIL DN, BRBHEORERSDIZLERTES,

4) BHORIBEE R L OCEFEHEENRR L DD ML, FKRNBET4%DOLETHDT,
FER—SKRHROBITHHE BT 5. LEADT, O EMERKEBHKOERTH
55 LiEREND. L, B TR OESBEbRE . & HIRIERES 3 X UK
BTV LB BB, |

5) MIBHEE, NF Fr e da—ru—Re A a—Re wilu—~RADER/IXL Do K
HIBEHEED, Tz OEFC LN TIEL LS,

6) ¥4 Na-PCP & Dff&13#< 72 <, Na-PCP MEH & ke OfEEHBHE o CuSOs
LHTHE & DIEETNL, Na-PCP 474 & OFEET1 X D523, CuSOy SLEMS & K & DFEETIE
B\ DNC 774 & of &7k (Na-PCP X O° SuSOy) X h#WveExbh, Fiok
& OFEENIHEO PN L b O TRILVHLELLRS,

2 £ = B

1) 8K 7HE: EHHoBmcEec, Bk 15 11, (1932).
2) FH B—: AHOB/ICET, SEEESS, No. 4, (1934).
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4) U B PO BRI L BFICEET, HES, 85, 3, (1953).

5) 8RB Mok T BEEIEEICET, BB, 35, (1947).

6) Goopings, A. G.: Tha ﬁlolecular structure of wool keratin. Text. Res. Jour., 20, 454,
(1950). ‘

7) Mavyer, K. H. and H. MARK.,~fJber den Aufbau des Seiden-fibroin. Ber.; 1932, 61,
(1928).

8) Smeprarp, S. H.: The structure of exerogels of cellulose and dirivatives. Trans. Fara
Soc., 77, 29, (1933). ‘

9) @AW, ML E:ES5FHEER (), 49, (1944).

Resume

1) By combining an optical lever with a chemical balance, a new weighing apparatus was
deviced (¢f. Fig. 1). It is able to weight a temporal weight of substance which changes
continuously as the time passes.

2) Hygroscopicity of bamboo stem are as follows; greater at inner part than at outer part
(¢f. Fig. 5), great at the parts from the 7 th to the 12th knot (¢f. Table 2), great in bam-
boo-shoot harvested on the 7th day after sprouting out from the surface of soil and great in
the stem of bamboo cutted down in June (¢f. Table 4),

In all cases, the values become smaller by extracting the samples with hot water (¢f. Table
3). ) o , .
3) In general, the growth of molds on bamboo stem is so rapid as proportional to its hy-

groscopicity (¢f. Table 7). .

4) At the 7% moisture content of bamboo stem, both the evaporating velocity and hygros-
copic velocity show sudden enormos change, and this moisture content coincides with the case
of inclination changing point of the dielectric constant. It is, therfore, presumable that this
moisture content shows a critical point to distinguish combined water from free water in bam-
boo stem. But in the case of bamboo-shoot, this changing point is not clear. It may be sup-
posed that the cause is due to the fact that bamboo-shoot contains more amorphous portions
and hydrophylic radicals than mature stem contains.

5)  Hygroscopicities of some organic substances were examined, and revealed the existence

of the following orderly arrangement,
o peptone> sucrose> glucose>> cellulose

and the evaporating velocity of solution containing each these substances also follow all the

same in above mentioned order. .

6) It is presumed that the affinity between bamboo stem and preservatives arrangeable in
the following order,

DNC-B> Na~-PCP-B> CuSO,-B -

And the affinity between bamboob stem treated with the preservatives and water as follnws.

(CuSO,-B) : W>(DNC-B) : W>*(Na-PCP-B) : W.

In the above two formula, B: Bamboo, W: water, DND-B, Na*~PCP-B and CuSO.B show

each bamboo stem treated with DNC, Na-PCP and CuSO, solutions respectively. )



