B AR M, 82, 199-217 (1990)

72+ OYIK, B AV QYR
G PO SRR RS L E B

The Physical Properties of Virgin and Reproduction Corks
of Quercus variabilis Blume

Boung Ro Kiv* ¥* Akiyoshi Misuiro*, Junji Sucivama* and Takeshi Ok ANO*

1. #

i

a0 2 AR I EE T 3 2 V2 A v (Quercus suber Linn) O 2 v 7 fHEETH B, Z DO
CEEO—IRIC AT L, MRS 7 X<+ (Quercus variabilis Blume) @ 3L 7 {1
bas ELTHEODO TS,

aL 7 AR TN B D, WiEE, TERENE, R0 REEY, BT miiEs o,
T LB, KICHOROOTEINBMEE LTHSASVLALALARTHHENTE
tro AN IAMORBEORTI DL S BERSHEEG LTV S0 317 OMIZOIIK L&
BILEBHDTH 5B,

FIDT N H A D 2L o FLEEE BRI TEIE L 72D 13 Hook TH %, 7 v 7 ORHLEHE
B DEEM 2 NaTIVIDADE! DIIRRIC & » THRAMICHES S e, Hida v RO T
R XN TV 30T, MK S X OBHES 5 M B OE&EE I <, Mo ik
AKOWURGa %8 &4 5 4~6 IR TH 5 EHE L TV 5, Holl Gieson? (0 2 DA
BoWGEtica v s filo €57V E LTHREARICEY 6 MEEREL, £ LT, SEM GE
BHETFIEEE) CBOTHREC LbDHB0%ED, ZOLbid 1 >OMidic 2~3HTH %
LEE LT3, Pereira? (33 V7 HIMIOTEB K UTEEA VIR E HRICHD T THEL, v
5 $HKABED L id Gisson AHERTWWA 1 flfEY 0 2~3 A TR, BEAL LLBREN
EAD, BHOLbYHEELH 5 EMEL TV, Rosa? 13317 % 100~300°COIEET
mEd 2 EFHIEMEL, Lbob MBI E -BEOICKES EMEL TV %,

PlERREFIRERTRTavs Fy0ars ZHOTHEINTEYD, 7XTFDOINTIID
WTOEIZIEEA EE D,

ANTHUR TR FTRINVIFERBIRL > TasBEEISNTH S, #20~30 HFRic
BHO 3N T B ENTE B, TNAEHIK (virgin cork) & 5, FIEERHUL 2 v 7 2R
Biok - CEHERE NI V7 35 8~ IR THRNT 2 2 & TE S, TNEFHK (repro-
duction cork) &5, T 0, FIKEFERICHENICENS 3 EEbN TV SA, £ OYIEIHHE
BESHITENTVRERN,
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2. EBMEELUAE

21 # #}
PMOEHEER[EPE 7 ~ < & (Quercus variabilis Blume) D #IFZ & iR (2 Fi) T, {FHURFEN T
# L, &5IC20°C, RH65%DIEHENE T L 1.
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] Fig. 1. Dimensions of tensile test speci-
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Fig. 2. Visual and microscopic structures
of Quercus variabilis Blume
a: Virgin and reproduction corks
b: Sclereid and dark brown zone
c: Three-plane of virgin cork
d: Tangential section of reproduc-
tion cork
e: Cross section of reproduction
cork
f: Radial section of reproduction
cork
g: Early cork and late cork
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Table 1. Composition of elements of cork tissue in cross section (Q. variabilis Bl.)

#] FZ Virgin cork H Z Reproduction cork EDEEAKEE

SEOB oy .Le\.zel of
Average (S.D) N Average (5D N significance
I v 7 #ika Cork cell 87.3 87.2 —
iz H Lenticel 6.9 (2.2) 10 9.0 (2.5) 10 n.s.
A7 L4 K Sclereid 1.2 (1.1) 10 0.8 (0.6) 10 n.s.
1% %8 o 3 43 Dark brown zone 4.6 (2.8) 10 3.0 (1.9) 10 n.s.

ns.: 95%KHETHELEMM W  Not significant difference at 95% level
N: JHIEE% The number of measurement

x£-2 L OFHRIBEBLUBT L2 R
Table 2. Ring width and percentage of late cork for cork (unit: mm)

# K Virgin cork H K Reproduction cork HE DT

oy N ‘Le\‘Iel of
Average (S.D) N Average (5.D) N significance
i & 08 Ring width 059 (0.16) 127 082 (0.24) 106 ok
Ht = L 7 & Width of late cork 0.10 127 0.11 106 Aok
B =2 )L 7 :% Percentage of late cork 18 (8) 14 (4) **

¥k 999 K#ETH S Significant difference at 99% level
N: flEME  The number of measurement

22 EBRA &
221 HEBEE

HMEIc B 2 BEROLBRE L UOEY, Mo 1k 3 WA QMBS S TIN5 72 DI
W%, SEM GEAE FEAMER) Ik 2B AT - 1o KFBHHSBAAIZ 517427312
F—AIZE > CIEE 10um QU AERIL, 7 5 =T Lt, SEM JEOL JSM-35) o
skHZ B(L) X 5(R) X 5(T) mm DBEH ZFBEICEEL, 14 v 2%y s EBICL LA EG
iZa—»brLl7,
222 #MHEE

IV OFFABER D 2L — 2 OMMIREE 2T N5 720 X RET 21T - 72, #EHZE S 1 mm
OWEWR, FER, KORZH V72, X REricid X #REE (RU-200BH: 50 kV, 200 mA)
L5 4752 b 4—% (JEOL-JDX5B: 35 kV, 20 mA) %\ 7,
2.2.3 YEMNS L UBHOME

YIER, BEMEIIHEEICB 2 EBRIE T N THAT R JIS) I U TiT» 720 L L, HRERF
OMEIDKIE D78, ZOFTHERARTERK L 0/NEh -7, WTFHOES BHIK &EFKIC-
WTE UK, BEORBRR ZHEL .

(1) L& JEZHEOHIER (L)X mw&mnm,é%ké@ﬂiuaauxumxmnan
DHERF IOV TITR » 7o, BN OBBAK EHKIC>LWTENENTELEIZ 60, 2%
HEIF 10 E5> & L,
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Table 3. Dimensions of cork cell (unit; um)
IR (Rawz) MK (FBaay)
Virgin (early cork) Reproduction (earlyv cork) AEOHENRE
— : Level of
) N LY, N significance
Average ‘ Average
MWhino E & 254 (26 ) 30 26.3 (3.3) 30 n.s.
Prism height
Ao E s 149 (1.8 ) 30 13.8 (2.8) 30 n.s.
Prism edgelength
HifoeE oo [ & 0.5 (0.04) 30 0.6 (0.1) 30 x
Cell wall thickness
VI (M=) A (Bpao v y) _
Virgin (late cork) Reproduction (late cork) 7D EAE
= - Level of
‘{J' IJ’J (S.D.) N ‘}" ‘Iij (S.D) N signiﬁcnn ce
Average Average ’
Wi RS 6.6 (1.6) 30 6.9 (1.7) 30 n.s.
Prism height
Mo E X 14.6 (1.7) 30 138 (1.2) 30 I.s.
Prism edgelength
HfasE DI & 1.0 (0.1) 30 1.0 (0.1) 30 HiE.

Cell wall thickness

n.s: 95%7KH#ETH E A2 Not significant difference at 95% level
®k 990 k#ETHE  Significant difference at 99% level
N: HIGEfE# The number of measurement
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Fig. 3. X-ray diffractograms of cork. ] 2
Notes. A, B, and C denote virgin, reproduc- Bl-4 PIEO X REHFTGE

tion and delignified virgin cork, re- Fig. 4. X-ray diffraction pattern of virgin
spectively. cork.
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Table 4. Specific gravity in oven-dry and in air-dry of cork

¥l FZ Virgin cork H ¥ Reproduction cork E g Bk

Eo o1y ‘Lex‘lel of
Average (S.D) N Average (S.D) N significance
2HItE 023  (0.02) 10 021  (0.02) 10 *
Specific gravity in oven-dry
SEbE 025 (0.03) 60 0.22 (0.04) 60 *k

Specific gravity in air-dry

* 95%/K#ETHE  Significant difference at 95% level
** 999%/KHETHE Significant difference at 99% level
N: HIEME  The number of measurement

x5 a2 OWkE
Table 5. Amount of water absorption of cork

K B K _ 2T I — R
Virgin cork Reproduction cork O F EKHE Spruce
S | A Z] .Le_\;iel of ooty
5 - signtificance e
Average SD) N Average (D) N g e Average D) N
A I 1\ 0.30 (0.03) 5 044 (0.09) b5 * 17.20 (1.92) 5
Cross section
T = 1} 038 (0.11) 5 047 (0.21) 5 ns. 524 (042) 5
Radial section
o 049 (0.11) 5 069 (0.17) 5 ns. 351 (0.51) b5
Tangental section
® izi] 164 (0.19) 5 256 (062) 5 n.s.
No sealed
REITNLI— N 11.35 (0.39) b5 11.62 (0.93) 5 ns.

Alcohol, no sealed

24 BEfR OW/KE (<1072 g/cm® - Amount of water absorption after 24 hours (X 102 g/cm”?)
ns.: 95% /KETHEZEMN/ ' Not significant difference at 95% level

*x  95%/KHETHE Significant difference at 95% level

N: HEME%  The number of measurement

(2) WZKE: 3(L)X 1(R)x 2(T) cm DFABRF ic> W, A, % & Hifg, RATE» 50 1,2, 3,
5,7,24, 48 B5FSI OBOK B A HIE L1z D 72912 2 71— 241 50T ] U &t TRk B
DREEITIS - 120 F 12, 2 5D 6,12, 18, 24, 48 BRI OBKER bRIE L 120 217 37 4
YEORIHLONTLADT, THaI—LOREROAE L, WEROBA L, VK&K
DEMEIZDOWTES ﬂﬂ@&t%ﬁ}—fkomTﬁa -7t

(3) UFER, RitE%. iﬁ%ﬁﬁﬁﬂbi(}ﬂﬁ&ﬁrﬂ/ﬂﬂiezci 0.5(L) X L(R) X 2(T) cm, ##EH DRI
FEIT1F 3(L) X LR) X 0.5(T) cm DIEER % W 72, R, IR E & b ICRER BHEE) ol
E 1T - 720 MK EBRIC>OCRER IR Zh2h 16 8, FERIZZhEh 3 [, KERI4
2> DRERA I > \WTITH 5 72,

(4) B ENMZEROBIEIZ I 2 DY ﬁﬁluﬁh‘fiﬁktﬁ'x(%'m‘rf&oto 9 [HD/N
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Amount of water absorption (X 1072 g/cm?)
g
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g K

Amount of water absorption (X 1072 g/cm?)

Amount of alcohol absorption (X 1072 g/cm?)
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Fig. 5. Relationship between water absorp-

tion and time.
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RBhEHGHET, HROAK T L FREEHT
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tion cork). 7 03%3’%’&’}% T 5L L7, ﬁﬁﬁfi%ﬂﬁi&
HEFhzEh 10 H3277 - 12,

(1) WaalBR: 7V xS ZREL 2. WEMOBAIAEL STHEEMA T, RABRH O
BRMEICOWTSHTH -7,

3. BRERBIUEER

3.1 fHHHEE

TARTE DN OHEEFAEORBRESEVICOLTH<E, M-2alclon s L IcHlKiE
BEHAE—T, LALEIATRERVFROENSD, 2L LTHMNHKEN 712, Th
L, AREESARIEFRELL, Bbhs TR, VEETH -7, i, PIREEEELE
bFanvsisoftickd (ARORHKIEL AT, WALWADEEZESALIELIEL ¥ XE
THY, EbHThOEhIcanvs{b LT OMIEABICET LTV 3), 27 L LA F (RERE
AR OERT, EEEOMEA TSI RS T, EL TLIFLER L T ikEEE S
B, SEREL72#I2A0 S BREEEERL) BLURI LA FEEDFACEEBOEOIHIHEED S
Nt:, Gieson? HFHOBEHTEIZ V7 OBFMICEET 20T vy OMHE & HHESEERS
HBERELTVALIICEBIR V7 oYM E S REICASUEEL RETHkiTH 5 &
EZoNB, £, 207 OEBEBRNEELE M ERBEHICR 7 L L1 FBERICE
CHEELTVWAZ EMTED LN, [K2bidR2 LA FELURHEMES % SEM THE L -
LDOTHD, ZOEHMEI L7 S ZRZZBROMaSARANCEIN L TVLAE I Edbh-
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Table 6. Equilibrium moisture content in cork (%)

20°C RH20%" 20°C RH20%?
T4 T4
Average (S.D) N Average (5.D) N
WK Virgin cork 48 (0.5) 16 3.8 (0.3) 16
H K Reproduction cork 4.4 (0.2) 16 3.6 (0.2) 16
Level of significance n.s. n.s.
20°C RH65%" 20°C RH65%?
RO S
Average (S.D) . N Average (S.D) N
#¥FZ Virgin cork 8.9 (0.8) 16 7.3 (0.5) 16
HifZ Reproduction cork 8.5 (0.8) 16 6.8 (0.4) 16
Level of significance n.s. ns.
20°C RH80%? 20°C RH100%?
¥ o
Average (5.D) N Average (5.D) N
YIEZ Virgin cork 11.3 (0.9 16 16.0 (0.9) 16
% Reproduction cork 10.7 (0.5) 16 16.2 (1.3) 16
Level of significance n.s. n.s.

U piEls Desorption 2 W%iEHF Adsorption
n.s.. 95%/KHEETHEZEN3 W Not significant difference at 95% level
N:  HIEME% The number of measurement

E1 KR EBEROAROMIE BT 2REROUELER LI, 7+ avsffiEaLy
Wk, KH, 227 L4 FBLXURBHBERS XD > TV 5, KOmEmIZE T % 3 v 7 fHldo
W © 87.3%, BT 872% T, ¥IRLERETaINs HlaDRICER G, -1, KEHIZ
FRRIC, R7 VLA FRYIKICEFEZOERDSS -7, L L, HEFRIES LU, BrarsR
(—EERombIcER s a v 7 s R oLy, BPERshiza v 7 flilgisa s
EED) BRE2IWORLEE D WK EBRETERLS - o, BRTIERENLL, BarsR
EUPT AT

[K-2c~f 1= SEM CHIZ L7z 3 v 7 fifAO#iREE /R Ui, K-2c i 3 WidIc 51 5 3 v 7 Mk
DTN T EBH %R L, X-2d ICHE OB %R L ic, B < 3o E3£A
FTh 2, ZREEOADEIL5~8 T, 6 DLDOBKIENTH S, K2 ICR SN S & D ICHEl
S ETE R L v A EREA B L TR L, MRS A IS EAT 85 % 12 LTRSS
L, WO VEWAETH 2, -7, MlEZE 6 AEOLS THD, HMIZDHHHUHR
EHI LTV B,

MO FEEER-3 IR Lo 7R+ OFIK EEEOM THlaDTHEIcEZ RV, B 17
FasBea 7 Milas s s Bansfildogs 3o v 7 iR 4 5 Tah Y, BEEIIB D
W SARAAS R 2 v 7 MIRADH) 2 (5 TH B, M-2g IR an s Epans EER LI, TR2+&
AN H VDAL HBOEREREORBERE LTS 505, fildoTiEicEZNR SN %,
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Fig. 7. Relationship between moisture content and relative humidity.

(1) Desorption from 20°C, RH65% condition to oven dry condition and subsequent
adsorption (solid line)

(2) Adsorption from 20°C, RH 65% condition to 20°C, RH 100% condition and subsequent
desorption (dotted line)

PEREIRAY DFEIT L B L I NI H Y ORIV 7 RO i3 E S A 43 um, BENE I B0 3
6 LD 1 LoEEH 21 um, MIBEEOE S 1um THY, Ba s @iz hzn 10,21, 1
um T, KBIRLILTRT+O V7O 22 TH 5,

IV 7 SRR BN Lbhsd 5 2 & TH B, Gison? 3T N7 # o iz> 0T | Wilid 7
D2~3EEMEL TS, UL, PERERRAY O L/ H Ui oW THE L TV A LS ICT <=
FOANIHIETS Lbid 1HIBIC 2~3 HE WH T ETREL, BEAELOBEVELSDE
HOLbWBEBIEELH -1,

32 MMBEE

TV 7 FIRAD X BRERT 2T, Z OB AR-3 1R Lic, b S IEF I MUIE 0 F1i
BLUMERK, BY 7= 0 LYK OMEHRTH 2725 3 EROZ IR SNE D - 12, BgEO
BaFE— LI VARBOZERE XL BITEDY, 20=21 50 THONBERH € — 7 3k L
BoRCHRT B ODLEASNLOT, MBHEES DD TEOC LATRES N5, M4 FH%
HASTRE LIV MO X REFEE TS 2, HRETTENAIRE, 20=215%50
BB o = pBlbh TV B,

VU EoHpoansilahioero - 20EFREIOAADEL, Ho, o —2 3R
REETTEEL TV A T EDHERIE N 5,
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Table 7. Shrinkage from green to oven-dry of cork (%)

] K¢ Virgin cork H#} i Reproduction cork XD EKIE

o oy .Le‘./el of
average D) ¥ plerage SV N significance
WEHES 0] Longitudinal direction 3.7 (0.3) 3 3.2 0.1) 3 ns.
FEt /] Radial direction 5.9 (0.2) 3 5.7 (1.2) 3 n.s.
B/ Tangential direction 4.2 (0.2) 3 4.7 (0.7) 3 n.s.

n.s.: 959%/KHETHEEA W Not significant difference at 95% level
N: HiEfE% The number of measurement

#-8 a0y ORKEER
Table 8. Maximum swelling of cork (%)

¥l | Virgin cork T ¢ Reproduction cork SEDGBEIKLE

oy oy ‘Leyel of
Average (SD) N Average (SD) N significance
#h#E 1] Longitudinal direction 4.2 (0.4) 4 3.5 (0.1) 4 n.s.
18 4 E] Radial direction 45 (0.5) 4 3.6 (1.1) 4 n.s.
B ] Tangential direction 3.6 (0.4) 4 3.2 (0.1) 4 n.s.

ns.: 95%/KETHEZEN WV Not significant difference at 95% level
N: EME  The number of measurement
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(1) L@ a1 0R%IE, [EHELF4 TR U PIK EFR E THHEDOEZDREE
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(2) WkE: £-51C 24 B ORE S L U2HED» S ORKERSLUCLAN 5D T VI — LD
WEEA, K-5a~d ICBKEBE AR Lz, WFNOBS I b RO DICRE LA T V-
ZDER IO TR LTS

s OEIKEIEI NI OBE#D 1 5 Th S [KMBEAAER V] WHD I, Abick~
2 EIEBITDE GV, R TV — X DORUKE & Ho B EROHEIZH 1/50, S HfEH 1/10,
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LT o fog 37 DRI ST, Esav® 12 7L 7 OFIFEEE 3K PER A S 12 W AEIH
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210

& &=

ik - 2I07EE] - Y @

2 #4874 [ Tangential direction & 1497518 Tangential direction
5 ® o K&t AR Radial direction 5 ° K&t A6 Radial direction
? o ###A1E Longitudinal direction ° 0 ###AE Longitudinal direction
N
4§ a 4%
_ | —~— lQ
gL & o LR Y
&%3}50 © g aff
2w ° %@ °
£ s £ =4 gé a
nEoL 0.5 . [UR=P R o
mo
- 1 -
! o oY “ I:!Zg a o
[o) L 1 T P P, 7"V, ORI | (o] L 1 A d nm-n-n—J
(o) 4 8 12 16 20 o] 4 8 12 16 20
g K £ (%) g K E(%)
Moisture content (%) Moisture content (%)
a. #Jf& Virgin cork b. B Reproduction cork
-8 AR & GIKR & ORAEG
Fig. 8. Relationship between shrinkage and moisture content.
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(unit: kcal/mh°C)

¥Rz Virgin cork

¥ Reproduction cork

Average N Average N
#£E% Thermal conductivity 0.048 2 0.047 2
I & Thickness 8.9 mm 8.9 mm
50 T T T T T T
40 + #E Virgin cork <
Ag 2 Hm Radial
NE o
SE
tog 30 [ -
<
2 R
S 20t .
=
10 -
o] 1 1 1 L L [l
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v T A (%)
Strain (%)
K10 2 vy OIETI-0-9 B IR
Fig. 10. Stress-strain curve for virgin cork in radial direction.
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Table 10. Young’s modulus in compression of cork (unit: kgf/cm?
¥ K Virgin cork B K Reproduction cork )
— — EOFEKE
¥ 1 GkE ﬁ S SKE é Level of
Average (D) MC Specific N\ [ Lo (SD) MC Specific N significance
(%) gravity (%) gravity
A 1m)
Longitudinal 423 (132) 8 021 10 372 (82) 8 021 10 n.s.
direction
T 75 1]
Radial 91 (28 8 023 10 148 (63) 8 0.23 10 *
direction
R Al
Tangental 424 (127) 8 025 10 283 (58) 8 0.22 10 *
direction
n.s.. 95%7KHETH EEH T\ Not significant difference at 95% level
*: 9505 /k#ETHEE  Significant difference at 95% level
*: 999 /k#ETHE Significant difference at 99% level
N:  EME The number of measurement
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Fig. 11. The diagrams of cork cell. Arrow heads represent the direction of microfibril orintation
(hypothesis).
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Summary

In order to qualify the difference between virgin and reproduction cork from Quercus
variabilis Blume grown in Korea, we have investigated their structures, physical and
mechanical properties. The results obtained are as follows:

1) Cork structure: The visible (macroscopic) features of the virgin cork were repre-
sented by its uneven surface and a lot of V-shaped surface grooves in the longitudinal
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direction, while those of the reproduction cork were represented by its uniform thickness
and smooth surface. In addition, the average ring width of reproduction cork was wider
than that of virgin cork, and the percentage of late cork was higher in virgin cork.

The cork tissue consists of cork cells, lenticels, sclereids and a dark-brown zone. From
the microscopic observations, lenticels were found to be slightly more numerous in repro-
duction cork; virgin cork was richer in schereids.

Apart from differences between virgin and reproduction cork mentioned above, we
have also observed general details of the cork cells. The cork cells were longer in the radial
direction, and their tangential faces were hexagonally-shaped. The dimensions of the
hexagon did not alter through early cork to late cork. The length (length in R direction) of
late cork cells, however, was one fourth shorter than that of early cork cells and cell wall
was twice as thick. Furthermore, it was observed that the six lateral walls of hexagonal
prism corrugated in the radial direction, the number of which per wall varied considerably
(av. 2-3).

As for the fine structure of cork tissues, X-ray diffraction analysis indicated that the
crystallinity of cellulose in both virgin and reproduction corks was extremely low in
comparison with a normal wood.

2) Physical properties: Virgin cork had slightly higher specific gravity than reproduc-
tion cork. Three different sections of cork absorbed almost the same amount of water, each
section showing a much lower absorption than the corresponding section in spruce. In case
of water absorption from the cross section, cork was approximately one fiftieth of spruce.
It is expected that lenticel contents have an effect on water absorption in cork, and water
absorption was greater in reproduction cork with a high lenticel content than in virgin
cork.

The equilibrium moisture content was some percent less in cork than in wood. Total
shrinkage and swelling were greater in the radial direction than in tangential and long-
itudinal directions, and there was no difference between virgin and reproduction cork.

Also no difference was found in the thermal conductivity between virgin and reproduc-
tion cork.

3) Mechanical properties: In compression tests, the maximum strength in three direc-
tions was not determined. The modulus of elasticity in compression was almost the same
in longitudinal and tangential directions and it was higher than that in radial.

The modulus of elasticity in virgin cork was higher than in reproduction cork in
longitudinal and tangential directions, and in radial, reproduction cork was higher than
virgin cork.

Tension strength also was almost the same in longitudinal and tangential directions.
Brinell’s hardness for cross and radial sections was larger than for the tangential section,
and there was no difference between virgin and reproduction cork.

When compressed 10%, both virgin and reproduction corks recovered almost to their
original dimensions three directions immediately after being unloaded, but when 50%
compressed, both corks recovered by about 80% immediately after being unloaded and after
24 hours had recovered by approximately another 10%.

Key words: Quercus variabilis, virgin cork, reproduction cork, anatomical structure,
physical properties



