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Abstract

In this study, the biological activities and physicochemical properties of polysaccharides from Gloiopeltis furcata
were investigated. Polysaccharides were isolated by enzymes treatment (celluclast, flavourzyme, papain, termamyl,
viscozyme) followed by ethanol precipitation and lyophilization. The yield of polysaccharides by enzymes treatment
group were 52.8-66.4%. The major constituents in viscozyme treatment group were total sugar (71.04%), protein
(7.22%), uronic acid (23.18 g/100 g), and sulfate (28.27%), respectively. The DPPH radical scavenging activity
and ferric reducing antioxidant potential of the viscozyme treatment group at S mg/mL were 23.10% and 218.50
1M, respectively. The protective effects against H>O,-induced cytotoxicity in L132 cell of viscozyme treatment
group at 1 pg/mL was 85.64%. The viscozyme treatment group increased the production of nitric oxide (NO) in
a dose-dependent manner. The antitumor activity of viscozyme treatment group (at 25 pg/ml) in AS49, Hela,
SNU719 and MCF7 was 69.57%, 52.74%, 61.06% and 68.64%, respectively. All of data showed that the biological
activities and chemical characteristics of enzymes treatment group are higher than that of the control group. The
polysaccharides isolated from Gloiopeltis furcata investigated herein are useful as functional materials agents.
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¥ 7127](0F-22, JEIO TEC, Daejeon, Korea) & 7133}
o2 £47](FM-909W, Hanil, Co., Sejong, Korea) 2 2] 3¢
% 60 mesh ©3ke] IR Al zBt] 20T ofdte]l HHsHH
A BaTe g AR ARSI

CeF d=

ESE7MH f9 BERE Zela] st dxd
25 goll SHTE LFE iy 500 H7Fe ok 559
{4 flavourzyme(Flavourzyme 500 MG, 500 LAPUjg),
papain(Collupulin MG, 5280 NF/mg) termamyl(Termamyl
120 L, 120 KNUyjg), celluclast(Celluclast 1.5 L, 700 EGU/g)
4 viscozyme(Viscozyme L, 100 FBG/g)< Novozymes Co.
(Bagsvaerd, Denmark)°ll Al T-}ato] 7] tiv] 3% H7ls
o] shaking incubator(BS-31, Jeio Tech., Daejeon, Korea)©l| A
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150 rpm, 60°C, 14A]7F Rt 3Pt} wikek A2 e 9
2] (3,000 xg 3033 Tk 3]Fate] AedE AU F
(Model N-1N, Eyela Co., Tokyo, Japan)Z 60 °Brix7} 2
W7HA] FE5ath 5L sulEke] dehEa Hleto
2477wt YA EE] (3,000 xg 30E)dte] ZoHEH
£ 3539 547 Z(FreeZone 2.5, Labconco Co.,
Kansas, MO, USA)3lo] -70°Col 3ol HaAsIHA 44
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o5 2 F88 527127 (Freezone 2.5, Labconco

Co)E ol&st xgt & Zeld thd7ol Azl AH-g
95 Aedel U 1T FFeE YEphUth

% 2 g% 428 Saha} Brewer(12)9] Wil ule} =
- o R A9t 5 5% phenol 1 mL(wjv, Duksan
Pure Chemicals, Seoul, Korea)$} sulfuric acid(Duksan Pure
Chemicals) 5 mLE A& 1 mLe} ¥H-E-A17] 3 B335
(Ultraspec 2100pro, Amersham Co., Uppsala, Sweden)S A}
g3to] 525 nmolM FHEZ =438l glucose(Sigma-
Aldrich Co., St. Louis, MO, USA)E EF34 0.2 o] &3}
AlLbaksith

Z oA ke Lowry 5(13)9 WHo g 3%
™ bovine serum albumin(BSA, Sigma-Aldrich Co.)= %
Fe g o] gate] Attt

Uronic acid &2 ¥ sulfate &2

Uronic acid &3 Cesaretti 5(14)2] Wl wja} £4
33T} =, 25 mM sodium tetraborate(Sigma-Aldrich Co.) &
27 gk g o Az F o] &9 02 mLe}t Al F 005
mLE 96-well platec]] 231 2 41 T 100To A 10%3t
7hEstaTh 1 o AdRolA 158 Hld = 0.125%
carbazole(Sigma-Aldrich Co.) 0.05 mLE 7}3}aL 100°C el A]
1083 71E T A4 158 "Wdsle] microplate
reader(Asys UVM340, Biochrom, Eugendorf, Austria)=. 550
mmol| A FBEE %3l galacturonic acid(Sigma-
Aldrich Co.)E ©]&3t] At EFFA o =iy <
Al kst ot

A7) FaFEA1-8 Dodgsond} Price(15)2] W o2 &
A3}H ) Al 3 mgoll 6 N hydrochloric acid(HCl, Duksan
Pure Chemicals.) 10 mLE 73+ £ 110°Coll A 6A13t 7
et} 7R8I AJ& 0.2 mLel| 3% trichloroacetic
acid(TCA, Acros organics, Geel, Belgium)E 3.8 mL 2
BaCl-gelatin 8- 1 mLE 7}skaL 25CollA] 15%1F vh&-3F
kg #3333 = A (Ultraspec 2100pro, Amersham Co)ZS AF&-
ko] 360 nmolA] FFEE SHE 2™, potassium
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sulfate(Sigma-Aldrich Co.)Z ©]-&-3lo] 2t FFA o
2RH gFE ALtetdth

DPPH radical &7&4

DPPH radical 22A 84 £ 1,1-diphenyl-2-picrylhydrazyl
(DPPH, Sigma-Aldrich Co.)9] ¢3S o] g3l St
t}h(16). 5 mg/mL L2 3248 A7 1 mLol 4x10* M
DPPH £9(99.9% ethyl alcoholol] £3f) 1 mLE 7}3ke]
o] 737} 2 mL7}t HEF ik o] ¥hgAg oF 10
1 E3eta A2olA 308 WA T 525 nmoll A £
53 =] (Ultraspec 2100pro, Amersham Co.)E AF-&-3to] =%
3191 1, DPPH radical 27 84S Al 59| H7F A3} 9

Aol obehsh 2ol WEEE ERIAT.

sample absorbance

DPPH Radical scavenging activity(%)=(1- control absorbance

)x100

FRAP

Ferric reducing antioxidant potential FRAP)*H || <] gt &
132 Benzie®} Strain(17)2] B el we} 300 mM acetate
buffer(pH 3.6), 40 mM HCIe] €33 10 mM TPTZ
(2,4,6-tripyridyl-s-triazine, Sigma-Aldrich Co.) & 2 20
mM FeCl;-6H,O(Sigma-Aldrich Co.)E Z}2} 10:1:1(v/v/v) <l
Hl &2 Zgste] 37T #8744 71238 212 FRAP
714 gA oz A3 T 96-well plate] 5 mgimL ==
3| Mgk A5 25 pLok FRAP 7|12 175 LS A}t =
T8kl 37Tl 4%3F WHg- Azl 5 microplate
reader(UVM-340, ASYS Co.)E AF&-3}o] 590 nmol|A &%

£5 2gsqnh

MEF U ME S 2

Aol o] &3t MEFE # HHAELI32), v A
A ZRAW264.7), A3t H A E(A549), A3 LI
(SNU719), 1%t 24573 5-9bA| E(HeLa) 2 <17t fShAl
EMCF7)E 3= A5 23J(KTCC, Seoul, Korea)©ll A
TFste] AL&slITh L132, A549, SNU719, HeLa %
MCF7 Al 35% RPMI 1640(Welgene, Daegu, Korea) HlA]
& A8-31% 31 RAW264.7 M E5-= DMEM(Welgene) HlJ ]
£ o]g3le] 242} 10% fetal bovine serum, 1% penicillin-
streptomycin(Gibco BRL Co., Grand Island, NY, USA)<-
A7Vl AFgEtT Al X E 25 37T, 5% CO; incubator
(MCO-18AIC, SANYO Co., Sakata, Japan)ell #-3-A]7 z}zt
Hl| FA) Z T}

Mz =4

L132 5! RAW264.7 Al £ tgh 542 MTT assay =
2o, e AEZFE 5x10° celjwell?] FE=
Z7 8t 96-well plate]] 100 LA 3 7}3lo] 24417 vl st

3, o] F A2 viRlel] A5 E FEHE A2 vy 244]
7t B3t vl vk 3 PBS 58l 52 methyl
thiazol-2-YL-2, 5-diphenyl tetrazolium bromide(MTT 5
mg/mL, Sigma-Aldrich Co.) &2 7} welloll 10 uL2 7}k
Bha1 ThA] 4417 B2k HjeFEle] MITV} S5 2% Shsict.
o] & A5l k3] A A8}l dimethyl sulfoxide(DMSO,
Junsei Chemical Co., Tokyo, Japan) 100 uLE Z} wellell 7}
3] 10%-7F ¥HS-A1A formazan 2% S 48] et U
microplate reader(UVM-340, ASYS Co.)Z ©]-&3&}o] 540 nm
AN FFEE SHATh

MsLA 4ol st M=xEE &5

L132 Al ol H,0,0l 28] =8 2k3tA &4 o)
ATRT ZIE 2437] 98] MTT assay S 2 A5}
™, L132 A ZZ 96-well plate]] 5x10* cells/well 2 &5
1L incubatorol| 4] 24A)7F E<F v STt vl & AR
Aglsta 24417 < Bl et the H.Ox(Duksan Pure
Chemicals.) S 1 mM9] =2 H7}sta 3087 27 &
L132 A Xl MTT(5 mg/mL, Sigma-Aldrich Co.)& % |3}
o 37TCelA 4A17F HEAI AT 1§ A S Al At
Z} wellell 200 pLe] dimethyl sulfoxide(DMSO)E 7 7}3F

< microplate reader(UVM-340, ASYS Co.) S A}-&-3}o]
540 nmollA] FFES 251 AERS 3 A 89
FHEE 2T FHx g vEEZ Jeh] it

My ok o o
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RAW264.7 Al ZZ 5x10 celljwell7} = E= 96-well plate
of ztzt 100 LA H7hsto] 24413 wiketal, Als B
lipopolysaccharides(LPS 0.1 ug/mL, Sigma-Aldrich Co.)&
A elste] 24413F vl ksl v el ehsd F FE 50
Lol S22 griess(Sigma-Aldrich Co.)A kS &£33le] 10
E7F WES- A]71 3 microplate reader(UVM-340, ASYS Co.)
£ ol&3te] 540 nmolXM FFE=E S8 M nitric
oxide AJ/d #-& sodium nitrite(Sigma-Aldrich Co.)¢] F=d

FEHAE olgste] Artstid

F

MIE ME

Al

ok 4%<] A EF AS49, SNUT19, HeLa 2 MCF7<&
2x10* cell/mLE 96 well plate] Z+z} 100 pLA 3 7}slod
incubatorol| 4] 24X 7F vl kel Al 2E 7H2) 273l T 484]
BB WSS HE T PBS $Egoe] 39l
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide(MTT 5 mg/mL, Sigma-Aldrich Co.) §-2-2 7 well
o 10 yLA F7}eka Al 4413F St vl Falel MTT)
A e S} v FER F A4 formazan 27 o]
SEAA ol e gAe] ARG AAE 7 well
ol 100 pL# 9] dimethyl sulfoxide(DMSO)S 7}ao] 1087+
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(UVM-340, ASYS Co.)E °] &3t 540 nmollA &3 =E
=3ttt FANWZF S ZE doxorubicin(DOX, Sigma-
Aldrich Co.)2 1 pg/mLsE& Ab&ate] vl wals]

A xz|

AP A= 33 vraAEe] PR FAAE YRS
31 SPSS(19.0, SPSS Inc., Chicago, IL, USA)E °]-&-3}]
EAHEA(ANOVA) = AAlatlar 2t 54 st gke] #<
’d(p<0.05)2 Duncan’s multiple range test® 737 3} T}

A7 2 D@

ChE R oltetE S
A2FR BE BEEMLY fo DR 5

Z &, @A, uronic acid 2 sulfate & Table IJ/}
2t} §4F F(celluclast, flavourzyme, papain, termamyl,
viscozyme)©l] W& E-5E7H ] thde] &S g4 73l
TZro A 52.8-66.4% 5 UER O] FA4 2] 7t 50.6%01 ¥
3 Aoz 22 F&S Yehlon, viscozyme &4
ol FRtelM 7 =2 FES UEUT o= Lee &
(18)el ExA <@ AN o Bl A7dA
viscozyme L &4 A 2] 77 oA 7HE 2 $8S JeRd
g wuele  A7Aeh fA1% A VeI

F 3 2 F= A SR viscozyme S4B A
27 11.04% B 722% % 7P =2 S Uepisien,
A e PRIl A 242} 61.54% B 5.39% %= 7HE W e
< YERATE Uronic acid 2 sulfate 2] 7-$-ol=
viscozyme &4 Hal -7l A 242t 23.18 g/100 2 2827%
o] 3reFS vEhfo] 718 T3t 18.25 /100 H 22.00%
o} £ g5 YeERQITh ol2igh Z 3= viscozyme
Ao xgE o] Q)= thekgt 538 Ax(arabanase, cellulase,
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B-glucanase, hemi-cellulase, xylanase) -3l Z}-8-of ]3| 2]
= AZH e RS Edlict] Afdelv e A
e pEa 2 E,] S BASo| e 229 =
UEH frEste] & £33 A5 vehd o=

AFRETK19). T3, Papain(Fh A FHR-Eo| A 222
Eajst= endoprotease) 9 flavourzyme(THi] 2 Wkl 4] o}
|32t S92 F2l 5k exoprotease)®] 73-F- T A Ea &
4 A L 7B EYE UEille Zles deA
Aok18), EFE/ME OERF FE5 A BAhRE
A olA] &gkor viscozyme T4 F3E %3 uronic
acid & sulfate T&F Z=71= WA 9 A A3 3ot

=
2 g3 8%

5ol Yol B4 L ehd Row Audn
(20.21).

>

ot 2o
BEEE/M o ddRe dats 242
9]l DPPH radical 2~ 24
potential FRAP)Z 5 mg/mL F=ol|A =% & Z7}= Fig.
17 2ty &4 B3] 719 DPPH radical 2A 24 2
FRAPE 717} 14.97-23.10% 2 123.06-218.50 tME LHER]
o] ¥ 7t 1055% 2 10244 1Mol vl&l $<=3k 3Hakst
& JERHI O, viscozyme &4 FRHA 7HE =2
kst 45 JeEhinh ol te il gHrE e
sulfate ko] A1 BALS VENE 08 Axa o
7 9)om(22), Yang 5239 FRAECGRIE AN F
=3 gltidRe] aitelEd ATolA sulfate dEFo] =
o :[L7]—oﬂ/\1 fs} gHaksl g8 Jehitia B stol
AFATe} SAFe A3FS JeRTE B3 uronic acid
9Jr Rzt FEAAE B8l kst 24 Sl =
n v delA glon, ol g thdRe] sl S
shute] el QlAtol ge|wr] A, sulfate T 2 G}
Tl A g A 28] o]d)] Delitin Baslelthd).

gelst7]
9 ferric reducing antioxidant

Table 1. Yields, sugar, uronic acid, sulfate, and protein contents of polysaccharides from Gloiopeltis furcata

Samplesl) Yield Sugar content Protein 2)content Uronic3 ) acid content Sulfatei ) content
%) (glucose, %) (BSA”, %) (GAY, g/100 g ®s”, %)

Control 506 61.542036” 5.390.23° 18.25:0.44° 22.00£1.09°
Celluclast 546 65.98047" 6.4810.32° 21.970.70° 2630073
Flavourzyme 528 63.05£0.41° 263062 1827055 24.65£0.66°
Papain 578 65.46+1.44° 5.3120.19° 19.36£0.67° 2276036
Termamyl 63.8 67.09£0.74" 5.55+0.19° 22.87:087" 25.88+0.43°
Viscozyme 66.4 7104067 7224017 23.18+0.42° 28.27+061°

"Control, polysaccharide isolated from non-enzyme treatment; Celluclast, polysaccharide isolated from celluclast enzyme treatment; Flavourzyme, polysaccharide isolated from flavourzyme
enzyme treatment; Papain, polysaccharide isolated from papain enzyme treatment; Termamyl, polysaccharide isolated from termamyl enzyme treatment; Viscozyme, polysaccharide

isolated from viscozyme enzyme treatment.
BSA, bovine serum albumin.

GA, galacturonic acid.

PS, potassium sulfate

2)
3)
)

RS

)

The values represent meanstSD (n=3). Means with different superscripts in the same column are significantly different at p<0.05.
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Ascorbic Control

Celluclast ~ Papain  Flavowrzyme Termamyl Viscozyme
acid
50 ugmL

Samples (5 mg/mL)

Ferric reducing antioxidant potential

Ascorbic  Control  Celluclast ~ Papain  Flavowrzyme Termamyl Viscozyme
acid
50 ug/mL Samples (5 mg/mL)

Fig. 1. DPPH radical scavenging activity and ferric reducing
antjoxidant potential of polysaccharides from Gloiopeltis furcata.

(A), DPPH radical scavenging activity; (B), femic reducing antioxidant potential.
Control, polysaccharide isolated from non-enzyme treatment; Celluclast, polysaccharide
isolated from celluclast enzyme treatment; Flavourzyme, polysaccharide isolated from
flavourzyme enzyme treatment; Papain, polysaccharide isolated from papain enzyme
treatment; Termamyl, polysaccharide isolated from termamyl enzyme treatment;
Viscozyme, polysaccharide isolated from viscozyme enzyme treatment.

Means with different letters above the bars are significantly different at p<0.05.

ety 4ol oist 2=F0t

& T wE 2eEME F 9ERE A 4%
AZLIR) TR HE]sted MIT 4 WHo = A%
E4S 533 A (Fg 2), THEF 0.1-1 ug/mL FE71A]
FIAR A Z Aol YehA] ot A2 540 glag
gRlate] X Bo &3 A w2 At

B E7IAE A EelE v Ateh &gl it
A B gas doliy] sk, o, A2E &3 LIR
Al et 35 7d sisie o AE AEEs =4
SFAtHFig 2). AZ B3 g3} Ao AHEEE H0 e

A LA FH] Wil in viro B in vivo B8
2 ek 2HoA AkslE £

= 54 B4E Bo] o]&5 1 ITh25).
& ket 2ol dig B5E7Ak e e
¥ WS FIE | pgml XA BaA T o 2e
FHo] 7% 71.89-85.64%2] HE T3S vpeER o
2] 73t 61.30%°0 Hlal =2 AE B3 35 YeR)
o, Cho 52602 Ol o3l F=d 4hshd ~Eg
ot Beug]e] AlXR T gy} Aol AlE HEay)
Gakal ez fAE s Uehlle Aeg Basls)
oA EFEZMAN e thdol HO, A2 2 <lE)
Aok AHeld 2B AE HAAIZI 0 2R A XAYEE
Z7M7) e Aoz dAvtdr)

o mE & orff 2 @ 4o ot =
)

B0.1pgml B05pgml @1 pgml

Cell viability (% of control)
= = 2 & =
[T
o
o
= o =3
T 223
=
P
I =74
= (1]
e
(=
g
(=5
[
@
LCH
(=5
T s
[=H
=y

CON H:0: Control ~ Celluclast ~ Papain  Flavouzyme Termamyl Viscozyme
1mM

Samples

B)

120

=) o
= =1
2

Cell viability (%o of control)
8

CON H.0: Control ~ Celluclast ~ Papain  Flavouzyme Termamyl Viscozyme
I mM

Samples (1 pg/mL)

Fig. 2. Effect of polysaccharides from Gloiopeltis furcata on the cell
viability of L-132 cell.

(A), cytotoxicity; (B), Protective effect against H,O»-induced cytotoxicity.

Control, polysaccharide isolated from non-enzyme treatment; Celluclast, polysaccharide
isolated from celluclast enzyme treatment; Flavourzyme, polysaccharide isolated from
flavourzyme enzyme treatment; Papain, polysaccharide isolated from papain enzyme
treatment; Termamyl, polysaccharide isolated from termamyl enzyme  treatment;
Viscozyme, polysaccharide isolated from viscozyme enzyme treatment.

Means with different letters above the bars are significantly different at p<0.05.
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NO MMzt

o TR wE EsE R fd OERE udAE
(RAW264.7) A Zo tongtgi Ae)ste] MIT 341w
2 M 545 5% 27 data not shown), H3F 0.1-5

pg/mL FE=7kA] -2 F el Al Abdo] YehA] kol Al
=/d0] gleg golsl fodS AEAgel Fra 44
a5t

A A EE o} o RS-

tlEi

o 93 A& sla 9lom, o
T 7rdel gk 2ol W F SR delA dTh2).
NO AAdZEe 34& His = = A
15.67-20.93 M= YEhHo] FA 2] o}
=2 TS YRS tKFg. 3). 7P -‘_—f% NO A e

(A)

10

Nitric oxide production (M)
s
o

Con LPS Control ~ Celluclast ~ Papain  Flavowrzyme Temmamyl Viscozyme

0.1 ug/mL

Samples (0.1 pg/mL)

,HI”II

LPS
0.1 pg/mL

)
=1

Nitric oxide production (nM)
= s

Samples concentration (pg/mL)

Fig. 3. Nitric oxide production of polysaccharides from Gloiopeltis
furcata.

(A), enzymes; (B), viscozymes.

Control, polysaccharide isolated from non-enzyme treatment; Celluclast, polysaccharide
isolated from celluclast enzyme treatment; Flavourzyme, polysaccharide isolated from
flavourzyme enzyme treatment, Papain, polysaccharide isolated from papain enzyme
treatment; Termamyl, polysaccharide isolated from termamyl enzyme  treatment;
Viscozyme, polysaccharide isolated from viscozyme enzyme treatment.

Means with different letters above the bars are significantly different at p<0.05.
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UEhd viscozyme 4 w8l 4] A5 0.1-5 ng/ml § =
ol Al NO A4 720.93-32.13 iM)°] F= Fold o=z F7}
&< FAAetion 5 pgml FEAM FdETOR AL
&% LPS(0.1 ng/mL)®] °F 90% "3“ F& Uehlol 25
7R ) Tl frdhe ElaEsih Ak o
25 FU Y deRe I 5 94sd L350 v
AR deA 91ow(28), Leiro &(29)°] dEF(Uha
rigids) §2) FArThERe] Mol 24 Aol No A4
& g4 ekt v dekn Hnshd on, E, Lee 5
G0e] $Ho] B b FEEe] WA Aol
WA A8 E A2l A3t s} S7)el Wl No
W7ol Z/1EIIThE Askst §AKR AR Lrehleh
mak, BEE/MR) fof HERE £ NO AN RS
T3 A ALE LI AL B3, 0
A A EZ D BAA A" FAZ So Bojdd Aoz A}
sH

oMl XMallE

4% dHE |
(SNU719), 217+ x}% F-OFA 3 (HeLa) 2 QAZF <A
EMCFD tigh B5E7e f e/
3&-2 Fig. 48} 2t} 459 A 2500 A|RE 525 pg/mL
TER 713E T 48412 v det A} 5 pgmL ©]Vde] FEell
A YA HAE AE Afes G99 & 5 AR
EE7F 57Kl whet frejA o g AE Al B3-S JERY
At} Viscozyme G4 ¥l & 53 E21E thE 25 ug/mL

=504 A549, SNU719, HeLa 2 MCF7 St 235 A 3]
ﬁﬂrb 27} 69.57%, 61.06%, 52.74% 2 68.64%= LFERN
Rom, Fxjg] ko] 79 78.89%, 83.19%, 71.05% 2
82.65% 5 UEHIUTE o2t ARE B3l &4 FIlE
B3 EelE e Af sk EHoR e M2
eSS YeER M——‘:‘% 71 % viscozyme &4 A 2] F7H]
A T PRt vlE] W2 A AEES g1t oAl
32 AW} =A veive A 8l & 5 Sl
42 A xe] F2lo] v A o2 F71E A adopotosis
7t A o] FARA] g ke -5 %‘*ﬂﬂ%

o, Q1A WA Ao A EE AEE
st gEEHE YERI™ NO, cytokine 5] F£8.3
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S ke o2 I A Juk31). 3, Park 5(7)2
Akl B8 Ee] A A7 A &2 ATFolA
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Fig. 4. Antitumor activity of polysaccharides from Gloiopeltis furcata.

(A), A549; (B), SNUT19; (C), HeLa; (D), MCF7.

Control, polysaccharide isolated from non-enzyme treatment; Celluclast, polysaccharide isolated from celluclast enzyme treatment; Flavourzyme, polysaccharide isolated from flavourzyme
enzyme treatment; Papain, polysaccharide isolated from papain enzyme treatment; Termamyl, polysaccharide isolated from termamyl enzyme treatment; Viscozyme, polysaccharide
isolated from viscozyme enzyme treatment.

Means with different letters above the bars are significantly different at p<0.05.
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