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Antifungal Activity of Wood Vinegar Produced from Cryptomeria japonica

Chun-Li Chung* Kun-Tsung Lu**
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ABSTRACT

In this study, the wood vinegar was made from Cryptomeria japonica using steel kiln and standing for 6 months.
The 4 kinds of fractions including ether-extracted wood vinegar, acidic, phenolic and neutral fractions of wood vinegars
were obtained by partition method. By the GC-MS analysis, the main organic component was the acidic compounds for
the ether-extracted wood vinegar; in acidic fraction was acetic acid, followed by propanoic acid and butanoic acid; in
phenolic fraction was phenol, followed by 2-methoxy-phenol and 3-methy-Iphenol; in the neutral fractions were
furfural and cyclopentenone derivatives. According to agar plate assay, the antifungal activity of organic compounds
against four wood decay fungi including 2 white-rot fungi Lenzites betulina and Trametes versicolor and 2 brown-rot
fungi Laetiporus sulphureus and Gloeophyllum trabeum demonstrated that the ether-extracted wood vinegar and
phenolic fraction had the highest antifungal index at the concentration of 800 pg/mL, however, they were still inferior
to the commercial wood preservative ACQ. When the concentration was increased 101,200 pg/mL, the white-rot fungi
could be completely inhibited by the ether-extracted wood vinegar as well as the white-rot fungi and brown-rot fungi
by the phenolic fraction, Furthermore, the antifungal efficiency of ether-extracted wood vinegar and phenolic fraction

stood comparison with the commercial ACQ.
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A ER AR AN B EBRTIRE R > FUEHS
M58 ~ BT ~ aJHETRE - ZEEAR » BHPIK
RSB ERVERS - 2RI 28R ~ PR K
NEREHERLAR » BRI RAVERIET » flA7
THVEYIEES  EEIDRE (25-30C )~ EENER
EE  WENE/KE (35~50% ) K E NEEHE (pH
4.5~5.5) BE24:MH1b - TREIZZAM EFTH = Eh
TR - LRy BB AN SR iR 5 2 ah R 2 IR
MAIRARM PGS EIE AN BA T - UJE T BT
BYIARIFALZEA IR AT I77E o DAE RbRAFAR
T {582 P A 73 T A e e B B P AR e e - R
ARG RSB HAMEVIER LAl - R
RIS - T HY AREREA S S WiE
JEBRICELGEA - KSR R SR fe A TR
RUSRAE ~ FREFRRAVRRRG - (H DA 5 (5 FHRY S5 b A 5

(CCA) [ » N Bathavtd - 356 ~ BUHE
REMERTY 2004 FEEE (FECRAIER - £ E IR
2016 4 1 A 1 HiE g mER L6 RE A TIEH -
H Al 5 6 & Ry il ~ be ks (b &) % (Alkaline
copper quaternary, ACQ) » sl {b=) % (Copper
azole, CuAz) » EEZAPGIERCR Bar - (BB OLETRE
nn o HAERE 2 BE  ERETS A BERE - NS
R BT R ERORAVERE - e RARE M ML A
TR BRI BH 3 09 A=V 5 S8 BRI 5 1& A 75 JES T O 2 e
EEp

REER B ARSEE T TR ZIRIE AN
REME RS - EREHEEEIRES - EER T
80-90% /K » HE i 10-20% A7y - Hrf 3L
DARSEE Ry 1 - HCBR%Y 200 FEA A 77 (Mu, et al., 2003;
Sulaiman, et al., 2005) » AR REA] 77 Rl Y
5~ IyErE R YR E =R - EARERIER Z
FERASCER - 12 ORI B AN (L, etal., 2007
Nakai, et al., 2007 ; Velmurugan, et al., 2009 ) » YR
W T Z e E N 4 2 K- 2-F & 5B

( 4-Ethyl-2-methoxyphenol ) K 4-PNE:-2- FH & E
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(4-Propyl- 2-methoxyphenol ) E#GEE B4 B4 2 hi
HEEN O BSOS - 1998) - {HE/DSTERR FoR
BE B R IR G A B 2 & - # 5, Kartal et al.
(2004) DIMIAZ ARBE R EFAE LA IEATEIE T - &5
TAREE RO By 0.1%0% » ¥ [ )& Trametes versicolor
KB EE Fomitopsis palustris 2 {I%Z 57 7l £ 27.5 Kz
47.5% o RyiE—25 T ARARER T 2 Bt ~ Bk R
Yra o LMY B A B B A TR A
HEF BRI MR AT 22 8 7 KBRS E 6 ([ H 1% HF
KLPREER 2 A 27K ARBER > SR ARBE R AT
% (206G » 1995) ZERUy R EYIE ~ BityrE
EL TR Y E S B - DA RE SRR A 2B AR
HUAREER R 25 oy B 2 GIAM BT BE M - SRad EAF
R AR IIEH 2 AT -

= - BRI TA
2. 187

AEtER(d FIMIAZ (Cryptomeria japonica) %5
PR E RIS > 20-304F4E » Bl b2 om x 2
cmx10cm  (LxWxH) » K2 & 7KHREY F510 %

2 2K AT

AUFEER4 TAMIEFIE - 735 K Jd a R Y
HEFEFLE (Lenzites betulina, BCRC35296) K EZH
(Trametes versicolor, BCRC35253) HilJ& & & i
me (Laetiporus sulphureus, BCRC35305) K &kLfE
( Gloeophyllum trabeum, BCRC31614 ) » DL F4fE[E
e A& R R F R 5T 50 (Bioresource

Collection and Research Center ) -
2.3 R E

FE 452 H &) HE (Potato dextrose agar, fifH
PDA) & E 7 Merck (Germany) /A\H] e

2.4 KRB B EEH

e T R R 22 FEAE CNS 14495 HE 7 [ 4k



B PR ~ A {E &% % (Alkaline Copper
Quaternary, ACQ) Fs¥fi24H - ACQ &Hk s s N-fekk
R E — HE&E {E#F ( N-alkyl benzyl dimethyl
ammonium chloride; BKC ) Eil45{L#li ( Copper oxide ) »
SMER Ry KB o HHIE BB AR A EIFTR AL -

2.5 REER 2 BB EE
2.5.1 BB

AR AT A s B i Ry BR BB 22 (2 [
LAPR) BAR&HE I mAIERE 1 m 2 EEWEEES -
BIENUR AR E RIS UL BEHE AT » EEE
IERSHIZY R 0.064 m® PUSRAIMZAR AL SREE4HINEL
ey MIERERK - R R EE IR ARG R - H
oo BB — RS WU DI R A RIS - Fu e
ZRRe EZ ST BYYE R - M55 =B IUYEE
HALEAH 10CHY 2K TR ZIREES K
DTEH -

2.5.2 R# AL

154 10 kg AHE A BEGUIRZE 2 g > 2
AR KA B R - KB ASMNES » DUTRESR
100°C/hr > fii#4%E 500°C » MEREHE 1 hr - ERE FFE
150°CHy - SR I RIE VIR RGBT R - 4025
% B~ = =PRI ARERRE S 15
REER » AAIZEZ0% - BEBANERS P 1SRR - ABT5E

EEEN AR AERFE 6 (EH -
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2.6 REE® 2 3B B AH R 53 o3 i
2.6.1 REER 8%

AWtFERR I ECE  (F2RER0G » 1995) » REARHS
LA Z B+ EALIAZEEL - 73R LBt FoKg © 2Bt
FFLL 5% NaHCOs FEHY > 3k LBt/ koK) + Horpr o
JKIELL 30%Rit % ke Z Bt A=A 1S BE M YTE > ZB g DL
2 N NaOH FEHUAI 157K ke LBt I+ 7K P 30%fi
W% Ko LB AEEU R 1S BRI E - 1T LB B R R i i
P& - HLUEBZARARLZE - NSEIRRMEYE
Ep TS e A

2.6.2 FHRESI ST

Fo AR B R Se H oy B A Z B A< L% P EE A
Nylon 0.45 pm #2508 - L EJg LBl n]aES - 1
Z R Perkin-Elmer Clarus 600D {AHEMTE 5L

( Gas chromatography Mass spectrometer, GC-MS) 47
15 HU 1.0 pL REER B H oy Bl ARAE B A e
th > SESSCERE (Injector temperature ) 5 250°C 0 43
ALY (Column ) £ FH Stabilwax-DA F4H&+E (30 m
x 0.25 mm ID, 0.25 um film thickness) » #{i% R A

( Carrier gas ) 5 99.999 %= 4155 (He ) 72 ( Flow
rate) Fy 1.4 mL /min 5 JRREECE RfEAR0RE 40°C - £
SE5 ming > FLL5 C/min 2 FE#Z (40 CE
% 110C » Z1&FHELL 3C/min 2 FAEHR EFFE
150°C » Hf& LA 5°CImin Z FRIR AR EFFEE 220°C - £

(D EEERe ~ (QPRESR ~ GYIERT - (B Uk ~ O)F UEM - (6)281/3%
(M =UEERT ~ (8)SB UM ~ ()BUAUERECEAE) ~ (L0)HRR I (& il i)
1 BEZWE R SRR
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Ji 5 min 5 (EHIZSRE Ry 280 °C » DL 40~425 miz ffih
LT (DR - KRS 2 KSR GC-MS JEtfTlElg -
PAZ&c NIST library search § e 7 81 AEEES -

2.7 GIAM BT EE T

PRGBS AR AR A (Agar plate assay) 55
SEEE AR AL BT KRECEORE 39 /L (1Y
B EL B CBEEEHURES 8 R et ~ B ME R M)
H > SRILL 95% Z BRI RE R TR RS 0 IIABREA
H IDRE A AR ERHER - KONEER - H
BB RN E R b PSSR I 26+2°C
FAHENRE T0%H 4 R4E - ZFHNEHARER  £F
IR E S RS E S > S EHRENERE
& SRS R HYPIETER (Antifungal index) - &
BREETE 3 W HiEHREM AU TR -
MEREES)=--(EHHEEER/HBE4EER
§)]x100

2.8 &Et ot

AR PR I SPSSE ARG I TR BT B

Tukey’s HSD#: 72 ( Tukey’s honest significant difference,

HSD) - BFl&aHM 2 =58 (EHRIEH95%) -
=~ &EREGTR
3.1 Z B BRI B S s A Tk o

ZBEEHURES R ~ B ~ Bt R i rE A A
73+ BL GC-MS i Rl HA iy BEHAnER 1 -
LR HUREER 2 ARy AR MY E 2 31.77% 5y
Berm HOREMEYIE 2 31.31%: [ HEY)E 28.82%
Ryl - BVEYVE X LIS & i = 25.94% 0 N
W% (2.57%) K THE (2.40%) 8K 5 BtEE Ll
2-H 4 £ ( 2-Methoxy-phenol ) ~ fi ~ 2-F1 45,5:-6
HHEL )y (2-Methoxy-6-methylphenol ) K2 #5- 28 — i

(1,2-Benzenediol ) &3 > 4rHI{5 8.94 ~ 6.03 ~ 4.84
Fe 4.13%¢ tR Y F B Ry 2-F0EG-3- AR -2- 2R IO A- 1-
fii ( 2-Hydroxy-3-methyl-2-cyclopenten-1-one ) -~ 1,6-
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i 4%-4-B2 (1,6-heptadien-4-ol ) ~ 2-FH & HL U & kL
IF (2-Methoxytetrahydrofuran) A= - 4rHI{L5 5.16 ~
4.08 k2 2.72% - i’ LIt A HURBE R oo e Rl 1 ~ B
R EE =Ry - B BetEEl oy 2 BeEE
HelEH ZE A EUREE R 2 3L.77%H= 2 2 85.16% »
Hep LIS > 60.26% 2 B WK TR
HRERE 2 13.04%k 10.39% - (HEEMYVE FI5H
VBRI (1.60%) KR IIRERFREHE— 0k - B
B 2 By YV E RIS H ZBEEHURE R~ 31.31%
fem & 90.26% » Ry Rl ~ 2-FHERN) ~ 3-FA
fp (3-Methyl-phenol ) fz 2-FH&EE-6 FHAER) - o3RG
32.86 ~ 31.43 ~ 11.74 F7 10.44% - {H5H/V&4Y 1.48%
ZBEME DA, 2.69% 2 tR PR ERAE T o SRR Gy
Ay E RIS T ZBEEAURES R . 28.82%42 5
2 79.22% - DARKIRR S ER TOEHA A S £ - Hrp L 2-
FH S RPU kg B 2- FHAR-2-3R K -1-F (2-methyl-
2-cyclopenten-1-one ) &&fE » H#E 10.09% - B}
FEY 2.92% 2 By EvE ik i -

3.2 ZMFHRURESR K EEYE ~ Bt R P TR Z iR
IR EME

b geER S RGP ARG RE - DA EDRE (800
K2 1200 pg/mL ) sk 2Bt 2 BURER R 52 25 7 B 2 Dt
JEFTEENE - ZBEAEHURES R ~ ByPE R P EY)
BLUR T B IR EER] ACQ fERE 800 pg/mL T~ » ¥
2 BREJEE L. betulina ~ T. versicolor & 2 #F#BEH
L. sulphureus ~ G. trabeum =~ HiAM A5 55 E M4 e 2
AR o sl Badi BB - ZBAHURNERE HEE L.
betulina 1 T. versicolor Fz#&EE L. sulphureus 1 G.
trabeum Z HIE 5% 5 & 48.2~75.3~ 0.0 5 53.2% ;
BEMEYE ZHEEBA A A 3.1~ 237~ 13 &
18.4% ; FyPEE 2 580775 Ry 23.5 - 88.6 ~ 68.6
Fe 78.4% ;T M E 2 AEFE R 5 R 11.4 - 62.9
51.3 2 21.2%; ACQ Z{lIEF+5# Fy 74.9-87.5+100.0
J2100.0% o H B FASRD - AR 800 pg/mL > 2
B HORESR s e - EEARE T. versicolor
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T R R R RS Z AR EBHyE  BYEwE t IR
.(min) REER
e/ 31.77 85.16 1.48 —
19.67 acetic acid 25.94 60.26 1.48 —
21.11 formic acid 0.43 — — —
22.13 propanoic acid 2.57 13.04 — —
24.83 butanoic acid 2.40 10.39 — —
29.51 isocrotonic acid 0.43 1.47 — —
e (wr=s7/ 31.31 2.71 90.26 2.92
29.19 2-methoxy-phenol 8.94 1.60 31.43 —
33.69 2-methoxy-6-methylphenol 4.84 — 10.44 0.31
35.05 phenol 6.03 1.11 32.86 1.34
35.73 4-ethyl-2-methoxy-phenol 1.44 — 2.06 0.15
36.42 3-methyl-phenol 3.61 — 11.74 —
38.11 2,5-dimethyl-phenol — - 112
38.59 4-ethyl-phenol 0.32 — 0.89 —
40.13 2,6-dimethoxy-phenol 1.33 - - -
45.64 vanillin 0.67 — 0.84 —_
49.52 1,2-benzenediol 4.13 — — —
SR e vy 7/ 28.82 6.26 2.69 79.22
5.32 butanoic acid methyl ester 1.00 — — 5.38
3-methyl-3-buten-2-one — — — 0.49
5.41
6.20 2-methoxytetrahydrofuran 2.72 — — 10.09
6.84 1-propanol — — — 0.11
6.96 2,5-dihydro-furan 0.35 — — 1.09
7.28 3-hexanone — — — 0.25
941 2-propen-1-ol 0.29 — — 0.48
9.76 3-penten-2-one — — — 0.79
11.61 cyclopentanone 0.96 1.03 — 6.34
11.85 2-methyl-cyclopentanone — — — 1.53
11.96 tetrahydro-2,5-dimethoxy-furan — — — 3.79
12.13 1-cyclobutyl-ethanone — — — 0.37
14.78 1-hydroxy-2-propanone 1.07 — — —
14.63 2-cyclopenten-1-one 1.53 0.62 — —
14.87 2-hydroxy-2-cyclopenten-1-one — — — 0.33
15.48 2-methyl- 2-cyclopenten-1-one 1.14 1.08 — 10.09
16.89 1-hydroxy-2-butanone 0.50 — — -
19.99 furfural 1.80 1.14 — 7.82
20.31 3,4-dimethyl-2- cyclopenten-1-one — — — 2.27
21.13 1-(2-furanyl)-ethanone 1.14 — — 8.53
21.36 3-methyl-2-cyclopenten-1-one 1.06 — — 3.93
21.99 2,3-dimethyl-2-cyclopenten-1-one 0.41 — — 6.03
23.13 5-methyl-2-furancarboxaldehyde 0.35 — — 2.44
3.3 3-furancarboxylic acid  methyl — — — 0.71
ester
24.38 2-acetyl-5-methylfuran — — — 0.35
24.62 3-ethyl-2-cyclopenten-1-one 0.67 — — 1.08
2538 2.5-dihydro-3,5-dimethyl-2-furano 0.64 — — 2.89

ne
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&1 W2 ZBZERURNEER - BRIEWE - ByEWE K EE 2 Ao (&)

sl RS ZBZEEY BUHmE  BEwE TR
(min) REER
27.49 1-(2-methylcyclopropyl)-ethanone — — — 0.45
27.74 4,5-dimethyl-4-hexen-3-one — — — 0.65
27.89 1,2-dimethoxy-benzene — — — 0.23
28.50 _Zi?g/r(]jeroxy-s-methyl-2-cyc|openten 516 2.39 1.70 —
30.48 3,4-dimethoxytoluene — — — 0.71
39.50 1,6-heptadien-4-ol 4.08 — — _
1,2 4-trimethoxybenzene — — _
4293 0.31
-(4- -3- - — 0.99 —
4734 1-(4-hydroxy-3-methoxyphenyl)-et 150
hanone
4837 1-(4-hydroxy-3-methoxyphenyl)-2-pr 214 - - —
none
R 91.90 94.13 94.43 82.14
S bEYE Lz S
Fra Bty E A
100.00 d d . 2
c
= e b [
& 80.00 £l d E3 O ¢ s s A i
3 : E b e
2 60.00 i C @it f
[ O i M 3
£ 40.00 et
= : 1 RS
C -
20.00 7
< % . BACQ
0.00 == - :
-20.00 *“ a

L. betulina  T. versicolor L. sulphureus G. trabeum

White rot fungi

Brown rot fungi

2 Wiz ZBRERURES R M Bt ~ Bate R P MEWE 2 DURFIE SEME  (JREE 800 pg/mL)
(FIEHPAREZECFRMURARERE - £/ Tukey’s HSD € - fSHEERM 95%)

HABEIHIEEN:  (RE 2 BB EY)E QA
il 4 FEF B 2 AR o Hr o BHEEE L. sulphureus
HARERSE RIS > Seo etal. (2010 )45t pH 2-3
Z g RE g e L. sulphureus B&RE R > HEHDZ
BEvEYrE AR (e AR Y ER AR
T. versicolor K #&/&E L. sulphureus 1 G. trabeum
BAE BRHHNEEN - Hh PR BEE T
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versicolor K #&EEH G. trabeum YRR HAHIE S
57 Al Ey 88.6 K 78.4% » {H¥FHEH L. betulina f&ET
EHIHIEER - i ACQ 1E 800 pg/mL JRE T » #f
HIBE MASIEE & A8 R Z RS - B > B
FHSIEE 2 ROk - A5 HIFE&S A& -
R TR 5 21200 pg/mLi - ZEFAHUREE R
e~ Wt BEMEYIE DU T EIREERIACQ - $f2



A JEE L. betulina ~ T. versicolor 5z 2848 & & L.
sulphureus ~ G. trabeum 2 HE E A ESFT/ © 455581
TR0 A HURES RS B B R L. betulina AIT.
versicolor &2 #E E L. sulphureusfIG. trabeum” {15
Y557 71 F5100.0 ~ 100.0 ~ 100.0%81.9% » Hr » HE
HL. betulina FIT. versicolor &z #&E & L. sulphureusa]
Disg = ilfl AR - BMEYE Z EE 8O0 5] R
12.4~48.2~ -1.7}:26.3% > BEEFEHE = 21200 pug/mL
{BEMEYTE T O IR S ASIE IR - By
8 IS5 85y 3155100.0 ~ 94.5 ~ 100.0 £299.0% » £
PR MEAN JEAT B 28T 1T 58 2 HNHIAE & o 1 P )
B MRS 05y 71 £5100.0 ~ 74.9 ~ 100.0548.2% > H
d1 s WHIEEL. betulina &z {BJEEL. sulphureusn] 524
#EIEE - ACQZ HIIE 580 586.3 ~ 100.0 ~ 100.0 %
100.0% - B/RACQENRIEFT B Z I BERIE R -

Gre Ba USRS o hEET oL -
ef£800 pg/mLIs » ZEEACHURERR ~ Bt e
FRATEARM EFTH Z FE B RINACQE » HHIE
L. betulinaZ {IHIRCER - DLABE S HURES R IE T %
Ve~ Bt EBE=RYE  BEARESER - &
AR S S BT, versicolor i S HIl DL R 1 4) 2 18 A
ACQR HAth/E » {[BHLIACQILfEAE =5 - $HEIEE
L. sulphureus > 1% SR 7R ARG P8 2 $111 B i B
& PHEPER Y - HEABEER - MTHEEEG
trabeum 2 IR - RICIEM MYV E (B BAPYESE - HE

DI&RET > IS - AEIRIE1200 pg/mLis - ¥ S
L. betulina IR DL LB 2 HUREER ~ By P&
K HEERACQ - HEMEER - HORET.
versicolor f{JI 58 5 DL £ Jif 25 B A i R ACQ Z IV
1ERH9 55100.0% - IteE R - HiEEAE 25 - 3
1B L. sulphureus ” HIEE R R bR T BB Z 51 &
Bt ZEHURBER ~ BptEwrd ~ PEE RACQE Al 5842
HE & > HimBaE =R - fEAIHIEEEG. trabeum
ZRERACQIEN I E » HIEEIE 2R -

i BIEERUS AL > BEASH FH S B A HURE R
HISEL. betulina LA IR » = AK&HEH - DL

HIAZARBSR < BUARM IR A
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MEYVE AR TEAT B BHIHISCR B el &
ACQ - IR DIHERIARES R 2 SUEF RS AR H
SR YR MEYYE - 55 SO PRSI ARIER Z BT E
EEME (Masoor & Ali, 1992 ; Hwang, et al., 2005 ;
Velmurugan, et al., 2009 ) i AREE & > PLE SRR
FREREPYE - T AsEass NS EIHIE4E 5 - Voda et al.

(2004) SEH5HEMMEYE Z BTEREME 22 ER R
fEALHIEALIER (Enzymatic oxidation) A - EptEY)
HE AR R EHEE(-SH)FH > SR AR
BN ERHIEFEDREIAE - SR REMmEL
IR (F FH - (EAE 2R B B2 B A R AR L
R ARE R ( Guaiacol ) Rz iz FEp ( o-Cresol )
SE%E  NHERZ 21 #8/LE (Stereochemical )
P B 1 e (AT L S E -

% 2 By OB AEHURERR S et ~ Bt e e
Y 4 FEAMIEFT B 2 FEANHIRE (1Cs0) © 1Cso fE
RS 50%E &4 RAVER - & 1Csx JREEA
N BGEDEME RS - IS REDT - WHIEE
L. betulina M5 » PAZEEEEURES & A iR
JETE E ICs {18 824.1 pg/mL- ¥ HJEE T. versicolor
JiE > RICAERMEYVE BA s EENE - H 1Csy (£
515.5 pg/mL - HELZFAEHURESR (520.6 pg/mL)
FHEL - EAItE - ERRIE A b m] =5 e B R F SR A< HUR
BERRIT] » ARF &R © R 2 MRAISEE L.
sulphureus #1 G. trabeum- RI3g DAER 44978 A EE DL
BEUEME - H 1Cso [E 771 622.8 F¢ 570.7 pg/mL » |y _E 3l
GEREUR  FREJEE L. betulina F52575° LB A HURES
B ARBERALR 7 2 AT LA B R A 52 Fe
BRHZAM B EEA REZ RSN -

M~ &

AT (ke BUEE A2 LA PR SR S 2 KRB - 75
LM AUR Z A EKIAREER > R ARBSR AT B
EFRERUT R VEYVE ~ EptE B B Y E oy B
> GC-MS #EE HAMM T - SUBRETREUR - L
EHUREER < At oy IR YT E e % » R Rl
g YR &R R (R - BRI E T DR S

77



EEERERG TR | 5 98 1> 2016 4 12 F > XF5K
JOURNAL OF ARCHITECTURE, No. 98, Dec. 2016, Winter

c cc c b bbb d d

100.00 = b = -
> c
£80.00 | 0o py B2 fp
& i S
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L. betulina T. versicolor L. sulphureus G. trabeum

White rot fungi

Brown rot fungi

3 2 Z I ZERURIE A e Bt ~ Bt e MM E Z BUBRAT B EM: (REE 1200 pg/mL)
(FERF A EEFRRREEEER » (£ Tukey’s HSD f25€ » {EHRER] 95%)
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