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Antioxidant and Antigenotoxic Effects of Shiitake Mushrooms
Affected by Different Drying Methods

Min-Jung Kim, Won-Mi Chu, and EunJu Park’

Dept. of Food and Nutrition, Kyungnam University, Gyeongnam 631-701, Korea

Abstract

Shiitake mushroom (SM; Lentinus edodes) are cultivated and consumed in many Asian countries including
Vietnam, China, Japan, Korea, and Thailand. In Asia, SM are mainly dried and used as flavoring. The aim of
this study was to compare the effects of SM created with different drying processes, such as oven—dried and
sun-dried, on the antioxidative and antigenotoxic effects. Raw and dried SM were extracted with acetone, etha-
nol, methanol, and hot water. The antioxidant effects of SM were evaluated by determining total phenolic content,
DPPH radical scavenging activity (RSA), an ORAC assay, and a cellular antioxidant capacity (CAC) assay.
The inhibitory effect of SM on oxidative stress-induced DNA damage in human leukocytes was evaluated by
a Comet assay. The total phenolic content of raw SM extracted with methanol and of that extracted with water
were significantly higher than the dried SM. Among the water extracts, the IC5) for DPPH RSA of raw and
sun—-dried SM were significantly higher than that of oven—dried SM. Sun-dried SM showed the most potent
ORAC value at 50 g/mL. The CAC against AAPH induced oxidative stress in HepG2 cells, and H>0: induced
DNA damage were effectively protected against by all SM extracts. These results suggest that unprocessed
SM are the best antioxidants, and that the sun-dried method would be the best option to use in terms of anti-

oxidant activity and the antigenotoxic effect.

Key words: Shiitake mushroom, drying method, antioxidant, antigenotoxic effect

12

o

o
i
9,
o
i,
Q, o
e
£
Z
S
:{m
r1r
o

henolic compounds,
polyketides, terpenes, steroids 53 Z< 23 YAIES

Z235tH, 53] HAFAA Lo A= phenolic compounds

© Hold datstanE e 2 el wet 3stkst
g0 T% oEH R F/ETH2). HARIE ¢ HEF,
AFAS 9 Far T g YA d2s osta A
gtbe Bao] wEl AR tig F4o] 2 IJTHA3).
HEo HARF T gATFAA BdsE HIdSAEHEL
o A3 oAl T3 free radical A|A EAdo] = A=
dHA ATH4,5).

F1W A (Shiitake mushroom; SM, Lentinus edodes)-
AT FEHAE e T AL Sale A8
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FgotAlotoll A Al = 32
ar FolH Aol o]o] AA A
T HAZ o] Au=o] AA F WA A 25%E 2b
A3t e HAF Bls] L Aike] wEA] FUFsta 2
(78). IWAL WA F HER CY o] 718 2oy
Wy} k7] AE o g Z+7t guanosine 5 -monophosphate(5’—
GMP)¢} lenthionineS &f3tx A 2+ O}U]‘—/‘H’% er-
gosterol T3+ @o] shi-35}
= 89 Fo] ZYZHES
(eritadenine)©] 1oH, 53] FIAMA Y A4 A 25 E
¥ B-1,3-glucan?! lentinan sarcoma 180 ¢4 X 9]
A& JAste &do] B ATHI0).

S, T7148 AA A e AR W Bag duyXA
TEE B T8 qTE AT o] E Ak F YR E
(¢F 2~3%)2 A o w8l 9l superoxide anion
radical(O2 ), hydrogen peroxide(H202), hydroxyl radi-
cal(OH ), peroxyl radical(ROO-) 5<& ¥33t &4 A 4a=
(reactive oxygen species, ROS)2. 2 ZH3t=Eth(11). A A
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oA Alxe &4 Ao fE7E A AstE 4k ol
Alz="E AYa . 2ev 84 AAFY 1Y F3e
AA N ksl o] A|2glo) stsl gl Y-S e
Ab3}l 7 2 E# 2 (oxidative stress)E FZA1ZITH12). ©] 8]
gk 2bslA ~EdAE S HES 4, 594 5 2
S Zh Ay Aoz A ok B4 AdaFe] U
o] He &, 25, 249% %, 2B, 4 A AE
A, FE T FEdA =EF o AuildAE 48t 2E

}arsbA 7L B Aol

FeFo] 70~95%= =i %
A8717F olH 9] F2
Al T Ale] AxH
S drlel A FFE
lol AoEEE HIoe
T3k gurd e
F AR 2 AYEA
o] atsl &

o
M
ol

N

4

o.,>_’, re ‘lﬂ:
e NN
o X
r-
Jo
oo e g
o
S
Jo

o fu & o oy
ooy > 1o

Y
X
3R o

1A
] oﬂ
ol
Lo
2

o
k3

©

>
Ao
P

i)
2
&

> iy

oy
o M
2%
el
=g
2 o
(e}

]
oL
BN
QL

E i
(g o
)

Ll

B

e
=
o
=
AL
B
2

=i

b

ro oo ol f A AZ o AL X
s N o
N,
it A
%)
oo
rot

2
=
o
re
-
f
oo rr

R:3
RN )
ox IN

o fo
o A

%

A 22}
A 229 ascorbic acid, ¥ HEdF L Fiks}t EA4 W)
(16), aL7uke] gitksl &

%ol Bad vt k. 18y B3
ZHA o] AFHoln fRie
vz Al 5 Rl B3t
EIHA Y ol A&l
tgo] A TR Ax7|E °
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7141l (acetone,

# 2,2-diphenyl-1-picrylhydrazyl(DPPH), gallic acid, 3-
(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bro-
mide(MTT), histopaque 1077, fluorescein 5 Sigma
Chemical Co.(St Louis, MO, USA)ol| A 43} AFE3FS
o & dE g% =g A-8-F Folin-Ciocalteu Al 2F2} 2,2/~
azobis(2-amidinopropane) dihydrochloride(AAPH)+= Wako
Pure Chemical Industries, Ltd.(Osaka, Japan)o| A 3}

[
e

At 1 9 ethylenediaminetetraacetic acid disodium salt
dihydrate(EDTA), dimethyl sulfoxide(DMSO) 5-& Bl &3
e} Al E Sl B g oldY TS AMESEATH

Nzl =&

A A2 A EIHAE 5 g¥ Uro] &7 2 &
Ad8 AZ7](Drying oven DDO-102, Daeil scientific,
Busan, Korea)9} ¢35 o83t AxAIAT. 22 A7)
FIHAL 22 &3 60°C, AHEE 30%2] 374 A
AzxEAE W dx TR #8 F5E 13%7HA =2
sl 13A17k0] 22 593, 30°Ce] S = AUlss
oF FAglo] 24A17F Qtell FHE& 13%0l =E38HA] Kttt
= Seo 5(18)9] ATl wet AP & Hx7|d A= 50°Cel
A 13A17E Az e dFoAe dgolge AFES 1
3t ot Az Fek 39 AxE Aok A 3ot Az B3
WAlo 100 mLe] #7]8 1) (acetone, ethanol, methanol) &
27}y 74ste] Adell A 3¢ B¢ FEIHE L, 90°CY & 100
mLEX 37t FE8 AT 448 FEELS 9 # X (What-
man No. 1, Tokyo, Japan)Z 33k & f7]8v) F=
2 AN FFFH7I(EYELA N-1000, Tokyo Rikakikai
Co., Tokyo, Japan)& 37°CollA F=3l9 0w, & F53 A
S+ Freeze Dryer(FD 5512, Ilshinlab Co., Yangju, Korea)
2 52 AzxIAY. 4 FFEL 50 mg/mLY TEZ
DMSOe®] 5o -20°Coll A st A HFet T== 5]43)
A Aol 21839t ORAC value 574 Alol= DMSO9
%9l Z+ A 2Z phosphate buffer2 3|23} AL&-3l9c) &
FE80] 52 A2 B B A= §F 24 AE A

£ 50 mg/mLe] FE& 32 FHTl &3AA AHS-SAT

& oz g
=

o
5 o= g

= gEre Bau o 7 Jdy] ALSE 1 9= Folin-
Denis (1902 Z43tdth 5, AR | mLE #3to]

[e)
D.W 1 mLE 7}8t4 8]4&tal 1 N Folin-Ciocalteu 2] 2F
2 mLE 71sle] Ao A 38 WS & 10% NaCOs8-<H
2 mLE 713t o] B3NS 1A1ZE Bt 204 WAE4
o} o] EFEA 200 uLE 3 3le] ELISA reader(Sunrise,
Tecan Co. Ltd., Salzburg, Austria)E AFE3F] 690 nmel A
FH=E SA3YL F HE FdFS gallic acidE o] &3+
ZA8 FEFHA0FZ mg/100 g gallic acid equivalents
(GAE) @912 Yetigltt. 2 Al5el tigh 4382 4 39
o

WL 9 s,

-
AN
Ol

DPPH EiE|d s
DPPH 2tz 42758 Mensor 5(20)¢] WH&
o =339t =, 80 LY 0.2 mM DPPH o &£

o) 2
s AR 20 1L 13 F 102 B 2 B Fa e
A1



FHEE ML DMSOT‘E:— 7tated A8t Alm AA|
ay= Z+ Al8¢] DPPH radical 47
2 ofgie] Ao 93| 74]’1‘} }%?\2”4, Zt & 2 DPPH
50% A3ste T2 ICs(half maximal inhibi-
tory concentration)& 73t ZF A5 tigh AL
4 33 ¥HE AF sk
Radical scavenging activity (RSA, %)=(1—A/B)x 100
At A8 H7Me FEE, B FAYTY F8E

radicalS

radical  absorbance  capacity(ORAC  assay)
A
Az e M WA FEFE] tiste] ORAC as-
says ©]&-¢ ikl &4 542 Kurthara 5(21)9 WS
= =, peroxyl radical generator=®
S AFRS HF 9 X271 20 nMo] HE=E A g
a9t 833 549 fluorescein® HF ¥ T+ 40 nM
ol HZEF whe F% 1 uM9] troloxZ control standard =
AH8-3H T AAPHE v A1A8HA Al =38t A 7ol ALS-
39tk Free radicaloll €3t fluorescein® 74+ Tecan
GENios multi-functional plate reader(GENios; Tecan
Trading AG, Salzburg, Austria)E ©]&
wavelength 485 nm, emission wavelength 535 nmoil 4] =}
28t 2417 B ST R FE2E9 ORAC
o] FFFo] gaste JA o RE F
™A (net area under the curve)& 4F&3}ed 1 uM trolox
equivalents(TE)Z YJelileon Z+ A5
4 33 W5 A
Net area under the curve: net AUC=AUCsample —
ORAC value=net AUCsample/net AUC oiox

&l excitation

r>~>'

valuee 2+ A&

AUC\)lank

HepG2 M|ZZHH ¥

HepG2(ATCC 8065, human liver adenocarcinoma cell-
line) M32%E American Type Culture Collection(ATCC,
Rockville, MD, USA)ell 4 718t 5t} HepG2 Al E+= Bl &
2J3}3F Fetal Bovine Serum(FBS) 1099} 1% &4 Al (Peni-
cillin/Streptomycin)E 33t DMEM Bl A S A}-8-3}4]
37°C, 5% CO; 872 incubatoroll A Hl %3} th.

Eol th3k HepG2 Al X9 HEES =43}
7] $18te MTT reduction assayS AAsFth 96-well
plateo] HepG2 MEFZ 5x10° cells/mLE Z14+akaL 96-
well plateo] 100 uL& 7}s}e] 37°C, 5% CO22] incubator®l]
A Bt ATh 24417 3 DMSO 59 AlgE HEFE0)
100 pg/mLo] =2 wellol] A 2]8tG ) 37°Coll A 4417
sl Zb welldll PBS &5 o] =< MTT(5 mg/mL)
EAE 10 uLA H7bste oAl 1AZE St sttt
Formazan A& 8213t & wX&E ZA2=HA A AL

100 L] DMSOE H 713t well vletol] HAIE formazan

Fasls FHAEA L 1043

23] A1A ELISA readerg ©]-83}4] 540 nmol A 3=
SR TN FEES HFFA Z wFAz]
T E 100%E st AAEe AE YEEL A=
stk 7t Algol tist A2 A 33 vhE AP

Cellular antioxidant capacity(CAC) assay
ol e AlE WellA FaMA A5 it &
A7) Y8l HepG2 MEE o] &3t CAC assayS A
393 th. CAC assay= DCFH-DA method(22)E W& s}
=438td . =, 96-well plated] HepG2 AEZFS 5x10°
cells/mLE AAFsle] 96-well plate(655090, Greiner, Frick-
enhausen, Germany)®ll 100 uLL® 7}38}o 37°C, 5% CO29]
incubatoroll A vj 3l Tl 2441%F 3 B A= A Ast FF
o ¢+ 3} Hank's balanced salt solution(HBSS)S 7+ well
o 200 uL 53 & HFF=7F 100 pg/mL7t H=E 7t
AR 2 uLE A E3te] 308 &<t vl stk HBSS 50 ul
2 7} well& Al &3t A HBSS 200 pL £33 & per-
oxyl radical generator2 8 mM AAPH 2 nLZ 7}sle] 30%&
Bt WAt ol AAPHE v A3t A A Z3)e
AH&-8HA . @ probe® 40 mM DCFH*DA 2 uLE 713
= WS At 308 <t Bl ggt § Tecan GENios mul-
ti-functional plate readerZ ©]&3}4] excitation wave-
length 485 nm, emission wavelength 535 nmoll 4 &332
WA A2 =438tk Control& DCFH-DARHS: x5}
Fom, AAPHS} DCFH-DAES *]2]3}<] positive control 2
St Control®] 3F3EE 100%= 3t 2k Al&¢F AAPH
o A FFas vlwstdrh 74 Alse] gk 43
HAa 33 w5 AP

o)
e

paque 1077& ©
gt

'ErFJBH TS Wyy ] DMSOZ 4—155} 7 FEEE 50
pg/mLe] T2 A st 37°Col A 303 ¥ A ZATh ®E
S0] 4 3 w3 E PBS(phosphate buffered saline)
AHE T Q9H o= hstH 2EH2E F2dlr] 95t
200 uM 9] H:O,5 W8 ol X3t 4°Cell 587k §E3-A11
o2 tA] PBSE A3t Positive controlS 93] X3
HA A8 4l &ud DMSOE A28 ¥ 200 M HO-5
2] 8431, negative control?l &1 (DMSO) A& Ao
© H:0.5 AgstA &skh

DNA £=4& =H(Comet assay)
DNA 49 2748 Singh 5(23)9] Wl £33l A4l
S €9 NEFE 75 ule 0.7% low melting

agarose gel(LMA)¥} 412 % 1.0% normal melting agar-
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ose(NMA)7} precoating® normal slide $] Z cell suspen-
sion# low melting agarose(LMA)S] detdlo] T F FAk
HA 3 F cover glassE Bo] 4°C YA ao)| BA3AT
Gelo] 229 cover glass® ¥ 713 2 Yol A 07% LMA
|4 75 uL2 FFaA vE F8l8) & A7k alkali ly-
sis buffer(2.5 M NaCl, 100 mM NaEDTA, 10 mM Tris)ell
A& F A 1% Triton X-100g 43S & slideE 97 A<,
A 1217 B2t FAAIA DNAY double strandg &
FA. Lysis7t ¢ &, slideS electrophoresis tankol] Hj
Fata 4°Cof A7k 2 719% buffer(300 mM NaOH, 10
mM Na;EDTA, pH>13)E 9] 202 &< unwinding Al A
DNAZ] alkali labile sites”7} =& YA 3+ & 25 V/300+3
mA2] LS Ao 2083t A71945S HAISHAT Yo 9
3 DNA7} B718 0 2 &4Ee AS WAst7] s 99
AL A7|9F tankE ol T2 Mo g B ) AAsATh
A719 %50 Bt 5 04 M tris buffer(pH 7.4)9] 5&84 27}
AAse S 33 vt L E slideE ARAIA
t}. 20 pg/mL =9 ethidium bromide® 33 d23}4
cover glassZ B2 F(LEICA DMLB, Wetzlar, Germany)
CCD camera(Nikon, Tokyo, Japan)E &3] R z}zte]
M E3 imageE comet image analyzing system(Komet
version 5.0, Kinetic Imaging, Liverpool, UK)< E3| £413}
Atk ®W & 9] hydrogen peroxided] €3 DNA £4F 2 2zt
Z 50 93 £ A AxE Yo gRE o|FaA mE
Foz "oz Yzt me] F& W DNA %% Tail
DNA)E &8t el 429 A FoA 2789
slide® wHEo] Zb2F 10070 A9 DNA &4 =5 43}
a7y AETe HA 33 e AFHSAT

o

SHME

ZE o8 EAAYE 4 o wgt SPSS/Windows
12.0(SPSS Inc, Chicago, IL, USA)S o]-&3le] BAetd
Bid REBAE T8he] A2 5E B%(p<0.05) X Bt
ol ol fo9S HEshAh 2 F5-2 one-way AHE
2 (ANOVA)ES A 35l FzkS 313 Duncan’s multiple

range tests ©]-&-sted 7 71te] F4 Aol & HI kAt

A Al 2z 9 dFnx 3 Al F )
249 A3E Fig. 19] YR ATk opHET o
Famslel F He ghakol
mg/100g GAE®} 44.0 mg/100g GAEZ A A a1
g xuH e FEFRT FoHom woin

A

o

wes
300
ORSM [@OSM mSSM
250 1
°p
200 1
>
3 150 - 2
»
: 100 A c
c a b
“ril
0
A E M W

Extract solvents

Fig. 1. Total phenolic content of extracts from shiitake
mushroom by different drying methods when extracted vari-
ous solvents. A: acetone, E: ethanol, M: methanol, W: water.
RSM: raw shiitake mushroom, OSM: oven—dried shiitake mush-
room, RSM: sun-dried shiitake mushroom. Values are mean with
standard deviation. Values not sharing the same letter (a—c) are
significantly different from one another (p<0.05) by Duncan’s
multiple range test.

Ao A FamAlo] &3] AZRE 7] Mol xpe] Xl 3
oF7te] FetRol=vt A E Aolg 58 4 AUth
Ul gk e s B FEE Ao dF0E I TaHA
o & H& ko] LBAX § TuwA Bl FFow
=37 st A Faol vl fodFeE B s By
. ol F& &vl9 Ao]Z HRIth E FE3 TIHA
AR F Hese F78E FE23 AI5RT HA 26 o

GAE, OSM: 147.9 mg/100 g GAE, SSM: 203.9 mg/100 g
GAE). Cheung 5(25)2 2# &9 & &2 F4 &l
A H ES FEFEES Y8 F Utk 3H e, Choi 5
(2602 121°Cell A 10~30% EX & g WA A8 X
He &7 F FetEol= o] AAFHo R FUtst
ol Btk ExE e A2E s gty ds Y
Z@Rrol=y & ¢ gA EYIEE 27, B I
o] 73 &rjjol 2 Ao & FF FHo] W°C 3/t 2

2 %% ) % 9= 49§30 3719 Jow ARdh

KR o

oL

DPPH ZIC|1Z A S

DPPH &9z &A5 S4HS
wE 7hdeiA Alge] dikst FA4S 24T & e WY
o7 37 AFEFHa AuH©28). & Bk el DPPH radical
& gtz E4o] = EA vl
7t94 o2 gso] Mol gojR= EAS 7HHTH29). A

Z 2 93 AZ 3 TuwWAe DPPH &

Oz A2A%S 243 2942 [Cx2 2 Fig. 24 Yehyglth
ICs2 DPPH Y-8 50% Asfiste Al52] aE2A4] kol
S5 E gl F2 AL st A RIHA Y ICsx
e olM|Eo A 1789.1 pg/mL, N grE-o A 1696.1 ug/mL,
H ek o A 39226 pg/mL, E°A 33065 pg/mLE EE
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Fig. 2. DPPH radical scavenging activity, expressed by ICs,
of extracts from shiitake mushroom by different drying meth-
ods when extracted various solvents. A: acetone, E: ethanol,
M: methanol, W: water. RSM: raw shiitake mushroom, OSM: oven—
dried shiitake mushroom, RSM: sun-dried shiitake mushroom.
Values are mean with standard deviation. Values not sharing the
same letter (a—c) are significantly different from one another (p<
0.05) by Duncan’s multiple range test.

WEENN felHo Y Re g Uehigon 53
AFAZ ABE B FEIN A L1 B F55Y A 1)

523k B4(30974 pg/mL)S BRI LEAR TunAle]
A g E5FEA b2 7174.8 pg/mLe} 70594 pg/
mLE FoHoz 71 & s Yehd 2tk Kang 5(30)
o A FaARTHE A% WA DPPH @tz o
g AAF ATl AR fFitkal Raustger ol E 4
Y9 Aol hEE o2t & ¥ I3 DPPH 2oz
2A%G T3 JdgS b B[ T3], 18y
£ Aol e F vlE §%F% DPPH &tz &A% 1t
FHBAE BolR FUth o= FE SviHE W FE
Qo] &EH & duo] thar o] ute} e & o9
o2 gaksl g4 EAdo] DPPH #tzg AAs e o g
39S 2o At ETh

Oxygen radical absorbance capacity(ORAC)

ORAC assay® 574 WHo] 2tdsta Ajddo] Hojut
A)138) International Congress on Antioxidant Methodl] A
Folute Ho g AAPHEXE 53 peroxyl radicalell T
Els S48t W o]t Fig. 30 A A%
exdx g dFAx I FuH Al ORAC S AAISH
o A9 BE AENA 1 ug/mL, 5 pg/mL, 10 pg/mL, 50
pg/ml FEZ ZAHYS o = &4 ZHE e

E HuPE u olHE FEEANAA A TIHA A|E7} 26
uM TEZ 7}g 41 gk FEEAAE ¢310x A8
7} 247y 34 M TEZ 7 &9tk Weey & FE5 5004
133 A% Ng7F 242 3.0 uM TES} 32 uM TEZ 713
A8 BHTh o] 2M peroxyl radicalell T3 ORAC

o
g
Ax 3 FuHARG A Fag d3Ax F H
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Fig. 3. Oxygen radical absorbance capacity (ORAC) values
of extracts from shiitake mushroom (50 pg/mL) by different
drying methods when extracted various solvents. A: acetone,
E: ethanol, M: methanol, W: water. RSM: raw shiitake mushroom,
OSM: oven-—dried shiitake mushroom, RSM: sun-dried shiitake
mushroom. Values are mean with standard deviation. Values not
sharing the same letter (a,b) are significantly different from one
another (p<0.05) by Duncan’s multiple range test.

Tl o Holde & & Atk AF A% A 2L L%
£ shebus), vholob uhg, EAWS, MAol Bof L as-
sheoh

corbic acid®] 4tst=2 Q18] 2 AAHF9 F4o] A
(32). LEAZ 3 A9 peroxyl radical 2AF°] Bk
d AL dFof HF =2 25X AFXHEOZ US| ascor-
bic acidE HIET 1 Ale] ksl EZ o &/do] A3t
Ao WAtk thre] AT RaloA F = 3y ORAC
value 7+e] S8 A#AAAE R3PS R 33), & At
M FBBAZE dehgA] skt 3 DPPH 2|2 427
THE T8 AT Holed ole 7 A3 A= g
Zo] ME 2 o]F Adfste A4S 7k 2H4EY §&
T 7} Algutg zolzt e Ao R Al "tk

Cellular antioxidant capacity(CAC)

CAC assay= Aole ME Yo &4 MaFe <&
qPo g =Hsl= WH oz 2 7' -dichlorofluorescin diac-
etate(DCFH-DA) probeZ ©]&3}= 43 WHo|tt DCFH-
DAE AZ9e 538 o) AL esteraseol] <3 DCFH
2 A8 AEX o &4 AAaT EA A FFE Wi
DCF& A&dd. Age] itst &40 45 AAPH=E
53 peroxyl radicalS A3t A== d3Ggho] Fo}
1tk CAC assay®] AEFAS = AP AM&st=
cell lineo] AlEZ QI3 AEE&o] 7HAstA| golof gitt A
EEAHOZ Q3 AE7 ATEETE Eo]E

Yol ZHA3tA Eo] A 59| ksl o] L ARE
Q7] W ot} webA] 7+ %
A, MTT assayS AA13+
gAY CAC assay® 22 %100 pg/mL) =
o A E AEE0] 80% o] o= AR o Al
=42 YElUA ¢k thH(data not shown). Fig. 404 X
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Fig. 4. Protective effect of extracts from shiitake mushroom
by different drying methods when extracted various solvents
against AAPH-induced oxidative stress in HepG2 cells. A:
acetone, E: ethanol, M: methanol, W: water. RSM: raw shiitake
mushroom, OSM: oven-dried shiitake mushroom, RSM: sun-—
dried shiitake mushroom. Values are mean with standard devia—
tion. Values not sharing the same letter (a-d) are significantly
different from one another (p<0.05) by Duncan’s multiple range
test.
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