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Abstract

Potato starches were oxidized with sodium hypochlorite containing 0.5%, 1.0%, 1.5%, and 2.0% active Cl/g
starch. Starch-polyethylene(PE) cast films containing 5% or 10% oxidized potato starch were prepared.
Mechanical properties and thermal degradability of these films were measured and compared to those of the
films containing native potato starch. Carboxyl group contents of the oxidized potato starches increased pro-
portionally to the active chlorine concentration in use. X-ray diffraction patterns and scanning electron
microscopy implied that oxidation did not affect crystallinity and granular shape of the starch. In color prop-
erties of the films, L, a, and b values of films except the film containing 10% of 2.0 active Cl/g starch were
not significantly different from those of the films containing native starch. In mechanical properties, tensile
strength and strain energy of the films containing oxidized starch were higher than those of the films con-
taining native potato starch. Thermal degradability of the films was evaluated using FT-IR and Instron after
70°C forced-air oven treatment. Thermal degradability of the films prepared with oxidized starch except for
2.0 active Cl/g starch was faster than that of the native starch/PE films.
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Starch-Polyethylene(PE) EE2| M=

A7t ke A8t A} AR linear low density
polyethylene(LLDPE), prooxidant(IR1025, Novon In-
ternational, INC., NY, USA)E &35l cast &S
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speed S5mpme 2 3l 10572 cast 5 AX3}
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Table 1. Composition of oxidized potato starch-polyethy-
lene films

Oxidant Oxidized
concen-  starch  Prooxidant® P(ig;ﬂly

Type of film tration”  content €3]
(%) @ ®
5%-Native/PE 0 50 50 900
10%- Native/PE 0 100 50 850
5%-0.5 OX/PE 0.5 50 50 900
10%-0.5 OX/PE 0.5 100 50 850
5%-1.0 OX/PE 1.0 50 50 900
10%-1.0 OX/PE 1.0 100 50 850
5%-1.5 OX/PE 1.5 50 50 900
10%-1.5 OX/PE 1.5 100 50 850
5%-2.0 OX/PE 2.0 50 50 900
10%-2.0 OX/PE 2.0 100 50 850

Y% active Cl/g starch.

YProoxidant contained native starch(10%), unsaturates (8.0%),
and transition metal compounds(0.2%) in linear low density
polyethylene.

ATk(Table 1). A48} 77t ALC2 Az BE ]
2a7) s PAY AR ARG HRG BEE F
Qg 2NN Azt

Starch-PE H&2| AT

2] A dRos Az & st A A
HEog AzxF HEY 4L YA (Model whiteness
checker RF-1, Nippon Denshoku Kogyo Co., Japan)
§ olg3t L, a, b3te2 FA3ct ol ANGE
K ZFWI(standard plate)> Lato] 92.5, a%te] 07, b
kol 3.001th.

Starch-PE ZE2| 7|H3 &F &3

Fxg 7z 2 3 A3 2R dEeE Axd
U5S 0.12mme] FAE 7F1 A A3 1X3cm
9] stripe® A& & Instron(AGS-500A, Shimadzu,
Japan)& o] &3t HE tensile strength, percent
elongation, strain energy® 373 3ATHASTM, 1991).
Instron®] Z2HS 9130 load cell 50 kgf, load range
£ S, speedt 100 mmymin®] A0 ® 3. HE
& 25T, 50% 23571004 4047 o RAARD
o2 Insron® & SAEF oM, 2t /R HEA W
g 1084 Ve ZA s

Starch-PE ZE2| d&2dx: 58
(1) FLLIRYY| &3t HEQ] EH3] EA

FAE Zx A s 2R dReE Az 4
£ 0.12mm FAE /AR At 1X3ceme
stripS. & A2 % 70C forced air dry ovendiA 125
<t x5 vlF FT-IRS &73ke] Carbonyl
indexE 315t}

Carbonyl index
_ Carbonyl peak (1705~1740cm™) ¥4
” Methylene peak (1471~1485cm™) 4
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() 4 PHeE dXEE BES "5 Instron
€ ©o]&3}9] tensile strength, percent elongation,
strain energyS ZA3td FEo| & 54L& &
3Tt Instron®] ZFFZEUS HEY 7AH H2E
24 w9t U L2 3L

BAXE|

E AgolA 42 HAHAEL SAS program(version
6.12) AHg-3td FAIEABIATHSAS Institute, Inc.,
1995).
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At M| Carboxyl?| &2

Azg Al "M AMeT Y 894 20t &
SFE FI2EA7 9 o] SIS B £ AT
(Table 2). 84 g4 3=E 05%4 20% Clg
starch7}A] A E-A1A ASAIZH-E o FFE2847] g
22 427914 8.64 mg/g starchZ F7}51% th(Table
2). Hebeish 5(1989)2] GrolM=® 4ta)l H& 9] 7
Z2H47] 33 AME3l hypochlorite?] FE7F &
7ol wel Frlettial Riaste] £ A¥s o

Table 2. Properties of oxidized potato starches

Oxidant ..
et oo Caboloment ol
Native 0 ND? 41.29
050X 0.5 4.27 39.87
1.00X 1.0 533 38.16
1.50X 1.5 5.55 41.81
200X 20 8.64 39.85

"% active Cl/g starch.
IND: Not determined.
YAc: crystalline area.
“Aa: amorphous area.
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Diffraction angle(28)
Fig. 1. X-ray diffraction patterns of oxidized potato st-
arches.
A: Native, B: 0.5 OX, C: 1.0 OX, D: 1.5 OX, E: 2.0 OX.
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o7l gl Zog B o AR M= AR FH
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Table 3. Color properties of oxidized potato starch(5%)-
polyethylene films
Type of film L a b
5%-Native/PE  23.53+0.90 -0.0710.06 —3.23+0.38
5%-0.50X/PE 24971006 -2.30%2.14 -5.73+2.65
5%-1.00X/PE 21.67%£1.25 —0.23+£0.50 -2.33+1.54
5%-1.50X/PE  23.57£1.08 —227%0.06 —1.40+2.00
5%-200X/PE 2393+1.69 -1.17+055 -297+1.02

Means = SEM.
Each value is a mean for three replicates.

Fig. 2. Scanning electron micrographs(°6700) of oxidized potato starches.

A: Native, B: 0.5 OX, C: 1.0 OX, D: 1.5 OX, E: 2.0 OX.
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Table 4. Color properties of oxidized potato starch(10%)-
polyethylene films

Table 5. Mechanical properties of oxidized potato st-
arch(5%)-polyethylene films

Type of film L a b

10%-Native/PE 2733038  0.30+1.23 -3.30%0.87
10%-0.5 OX/PE  28.60+1.21° -043+4.50 -2.20%+0.70
10%-10OX/PE 2727%1.19°  090+2.18 -127%1.70
10%-15 OX/PE 2727+0.15* 2001278 -3.13%£4.07
10%-2.0 OX/PE 31.93+1.83" 3.00+2.08 -1.77+081

Means + SEM.

Each value is a mean for three replicates.

*?Means with different superscript within the same column
are significantly different (p<0.05).

Starch-PE HE2| M

FAg 2 JE s R dEes Az
g AEAd 59 L, a, b2 Table 37 Table 4
of YeRNIT A8 At AES 5% H 7l Az
g EoAME L, a, b3t EF FXy AR AR
A AR} AR 7 Az HEE Aleld §9
el Zpo|7F gl tH(Table 3). 4H3} 12 HE-S 10%
A7rete] Azd dEAME a b2 FAHY AR
A A5 22 ARoZ Ax§ WEE Aol
F94Q Aoiry YNUX, LS 2.0% B d2E
A2d 48l Aoz AR FEU] HF9Fe=m
o} o] HEe Mo| gg "Ry ¥ Aoz 1}
B} THTable 4). ©]+= sodium hypochlorite®] 3332}
2o 93 AR 20% A H4E A A
7% Bulo] 7P o] Ho] AZZ HEe Hx
A Yepd ReZ Hel

Starch-PE &S| 7|A|Y &4

Fxig 22 A g s AR dELE Az
a4 2Ee] 714" EX4o) Table 59 Table 691
yeht Qo Al 7zl AEE 5% e EelA

S BXA v 2rHe d9HEY J&
2]nl sl tensile strengthe AF8HA]Z] AR} HES
Azsk dEo| Tz A Aoz AR ER
o folHo R w4 Jeiger 53] 1.5% €4 o
2E Mg 48l HEe = A3 WENAM F9F
o2 7P st HES SAHsA HA k=)
278 e d(work)E 2v)ste strain energyoll A&
0.5%% 1.0% &4 d4E A3 JES=Z A=z
dEo] FAg HAEo= Axd PEdMET §9
HoZ H8E ¢ 7 A ole HES AsiAH
o2 HEI 1E27R] o] F7E] ensile
strength®} strain energy®} 22 7|AIH ZtZge| %

Tensile Percent

strength
(kgffmm?®
5%-Native/PE  1.0253£0.04¢ 200.42+19.71* 62.98+8.34"
5%-0.5 OX/PE 1.3402+0.07° 202.57 £31.62* 79.55+£15.73"
5%-1.0 OX/PE 1.4361£0.06" 179.18 £11.34" 76.07 £3.87
5%-1.5 OX/PE 1.5789+£0.04* 163.88:9.92% 72.27+597*

5%-2.0 OX/PE 1.455510.04" 152.62+14.11° 62.13£6.93°

Means = SEM.

Each value is a mean for ten replicates.

*dMeans with different superscript within the same column
are significantly different (p<0.05).

Strain energy

Type of film elongation .
(%) (kgf + mm)

Table 6. Mechanical properties of oxidized potato starch
(10%)-polyethylene films

Tensile Percent Strain ener
Type of film strength elongation gy
pe (kgf * mm)
(kgf/mm?) (%) &

10%-Native/PE 1.0061 £0.05% 175.73£15.99" 52.20%5.38"
10%-0.5 OX/PE 1.2204 £0.04° 133.50£ 11.81% 44.22£5.51°
10%-1.0 OX/PE 1.3258 £0.04" 155.58 £12.14" 58.18 £4.75"
10%-1.5 OX/PE 14347 £0.06" 143.60+£13.75" 56.58+5.71®
10%-2.0 OX/PE 1.2150£0.03° 127.68:£7.54° 42.77+3.71°

Means + SEM.

Each value is a mean for ten replicates.

*'Means with different superscript within the same column
are significantly different (p<0.05).

7td Aoz Atgdrh zgy AxE JvEdE
percent elongation® 0.5% &4 F4E X3 443}
ARE Adstie FAe g Aoz A=zF 9
£o] 45t HEoRE Az PR 3y =A &
2= Ak (Table 5). 59 tensile strength®} percent
elongation A¥HH oz whgdl= AEES Uehle
o B dgoM AxF YEME o)H AHIE B
T AUTE E=F A3 A HES 10% st A
2% HENME tensile strengthe= 2H3} 7R} HEO
2 Az o] FAF g AReR Az
SRt #9302 ESit) Strain energyve 1.0% &
A 94E AHFF AEoE A oM 97
22 7P =Stk 28y percent elongations 5%
A3 A AES TR 2 MY iR E 7
A 2A AER AxF dEo] 43 A AR
o2 Az dERT FoFo2 o stk AR
28 A AReR Axd 9 7A% Feot 7
A A AECE A=xF " JAF ARy
ooy 20% BHIAE AT ARe= A=
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dE-2 2318 7AA A=t AstEded ole L
Tk AtskAl X E AR ke Ao AR
o2 MEF JLEAY AF¥Ho] F3tEU o
Foz Algdrt. 9 g Rd st g A
£ &go] 59904 10%LE Z713td wet RE
2NAA 4AEo]l Astgo] AFEA. Tensile st-
rengths= 3 F 0.14%, percent elongationS %
32.52%, strain energy= o 2021% #4E o
Uepth g Aol x el o) Z7)ghel
w2} 7141 Aol RAHUSS BIHE(Kim
et al., 1994; Evangelista et al., 1991), ©]%1& PE ¥
oM AR FFo] F1etl adel AR it o8
P BEQEA0l F7keka A A9} PE Aol
o] ¥R Folx]7] wfjFolzia 49T F Utk

Starch-PE EE2| sl 54
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Btk 78 Biee Aol e M7t
© 224 gt FRAE, g 55 FJE F
ULBZE o]E Haizd g BME ¥o)] F=HL
AT & AFedMe Ealle] 2rdAlNA Kl B

S Z221717] A8 HE ARA] Z9§A19) prooxidant
& A% A7l orng olge] dRsire Fgg
o3 Aoz 7lgiEe] olo ud ¥AE dAEHT

(1) FLIR o3 "o |&s) 54

Carbonyl index= 82 EZo] Eaid o A

=] carbonyl 313HES] WSlE X = ARYS

Carbonyl index

0 2 4 6 8 10 12

week

Fig. 3. Carbonyl index of oxidized potato starch(5%)-
polyethylene films by the heat treatment at 70°C for 12
weeks.

@ . Native/PE; [ ], 0.5 OX/PE; A , 1.0 OX/PE; V , L5
OX/PE; <, 2.0 OX/PE.

Each data point represents a mean for two replicates.

2 PEEEY Bilx Ao A5 dtH(Albertsson
3} Banhidi, 1980; Kim3 Pometto, 1998). A3} 7+
A ARL 5% i3 BME 1255¢He] €3
g EAg AR dR8eE A28 HE| carbonyl
indexe A< W37t Qe 9 05%, 1.0% B4Y
AE AT ARoE AR YEL §F o]FRE,
15% EAELE HEg Aoz A3 &2 10
F o|ZHE, 20% BAULE HYI FEL 11F
O] %RE| carbonyl index’t §43] Z7FItHFig. 3).
x§ A8 7zt AEL 10% ety Az HE
NME FAg 7t AEoE AzRFd BEL 859
% carbonyl index7} F{IRF Z7FEIE oW 2.0% &4

25 A3 ARE Adstn FEe] Ay
o2 Azt dEAMe 75 o]FFE carbonyl index
7} 273 Z71EthFig. 4). WE @ B9
EHEAE AT AHECRE Axd o] B
X7 AEo® Az FERT ¢ WA Bz
Zoz naHot o WYL Mo Mg om
AHE 4 ded AR s 13 FelmE4 7]
T JIEREVY Ft2EATZ 28k A, 23} Slelm
7= AEVE HUth) 2zt gEus st
2rdrh 28472 Agdssd As 2740 o
2 12 R "9} FtE R4 BAuigo] EeR|A
Boh(Forssell er al., 1995). AR A= A 7}
24719} SlEB4|E FEE] oYL tso] A
AE 7l2rdrle) Fgst 2] ofrial Y
Hx 23 APz B AFPoME HES AAL o

0 1 2 3 4 5 6 7 8 9 10 11 12

woek

Fig. 4. Carbonyl index of oxidized potato starch(10%)-
polyethylene films by the heat treatment at 70°C for 12
weeks.

@ . Native/PE; [], 0.5 OX/PE; A , 1.0 OX/PE; V , 1.5
OX/PE; <, 2.0 OX/PE.

Each data point represents a mean for two replicates.
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Table 7. Tensile strength of the oxidized potato starch(5%)-polyethylene films by the heat treatment at 70°C for 12

weeks
Tensile strength (kgf/mm?2)
Weeks Type of film
Native/PE 0.5 OX/PE 1.0 OX/PE 1.5 OX/PE 2.0 OX/PE

0 1.049+0.01* 1.345£0.03® 1.496 +0.06* 1.598 £0.02¢ 1.4854.0.03®
1 1.114£0.04* 1.530£0.09 1.647 +0.07* 1.616+0.11° 1.556 £0.02*
2 1.041 £0.03° 1.394 +0.05® 1.502+0.07* 1.539+£0.09 1.447 £0.05%
3 1.071 +£0.03* 1.496 +0.07* 1.574£0.09* 1.492+0.09* 1.4881+0.10%
4 1.031 £0.06* 14101+ 0.07* 1.474£0.08° 1.492 +0.06° 1.401 £0.09%
5 0.978+£0.03* 1.451+0.07* 1.532+0.04* 1.509 +£0.06* 1.447 £0.06™
6 0.933£0.03* 1.458 £0.05° 1.468 +0.07* 1.513+0.12¢ 1.419+0.07%
7 0.989+0.08" 1.43410.09* 1.45940.03® 1.422 +£0.06* 1.400 £ 0.06™
8 1.041 £0.10° 1.209+£0.15 1.362£0.21° 1.470£0.11° 1.204 £0.324
9 0.956+0.19* 1.064 +0.26° 0.913 +£0.06° 1.479+0.08* 1.295+0.16™

10 0.969+0.22* 0.8721+0.18¢ 1.005 +0.30° 0.903+0.34 1.239£0.21™¢

11 0.572+0.08° 0.601£0.32¢ - 0.9451+0.48" 1.209+0.23%

12 0.136 £0.00° - - - 1.006 £ 0.23¢

Each value is a mean for four replicates.
“*Means with different superscript within the same column are significantly different(p<0.05).

Table 8. Percent elongation of the oxidized potato starch(5%)-polyethylene films by the heat treatment at 70°C for 12

weeks
Percent elongation (%)
Weeks Type of film
Native/PE 0.5 OX/PE 1.0 OX/PE 1.5 OX/PE 2.0 OX/PE
0 210.48 +7.66* 22046121.62* 173.17 £5.99° 162.63+7.16° 150.75 £ 14.98a
1 197.21£31.22% 171.17+1217° 158.68 + 15.99* 130.27 £ 11.66® 143.27 +11.98®
2 198.18+28.73* 180.75+£22.82® 143.19£11.25% 141.92 £ 12.42%® 134.58 £ 14.36™
3 183.55+31.02¢ 161.05+3.61° 138.05 + 6.48® 139.64+5.78® 122.16 £ 11.04%
4 178.69£15.91° 172.14+13.46° 140.07 £ 8.27* 130.48 + 8.44* 129.93 +12.71%
5 155.33 £ 47.15° 164,55+ 11.21° 149.83 +12.83% 136.38 £ 6.85* 118.96 £ 8.81*
6 149.99 £ 15.94* 164.22 +10.75° 139.10£21.84* 133.18 £ 1.54® 130.48 £ 3.60%
7 148.24 £46.47* 165.08 +23.56° 149.84 +14.35% 144.70£3.43® 135.54 £ 11.28%¢
8 174.98 £75.55* 102.84 £ 44.42° 124.66+47.20° 127.70+22.83* 105.13 1+ 65.48%
9 157.48 £91.65* 56.79£7.80¢ 2598 +£8.97° 119.37£2243° 110.55 £ 34.12%¢
10 145.12 £ 88.77* 11.87+7.57 29.79+427° 36.40 £5.49¢ 91.65 £46.16"
11 26.57+11.04° 3.07t1.29° - 31.55+18.86° 83.60+34,75%
12 13.87£0.00° - - - 50.40 = 44.45¢

Each value is a mean for four replicates.
**Means with different superscript within the same column are significantly different(p<0.05).
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Table 9. Strain energy of the oxidized potato starch(5%)-polyethylene films by the heat treatment at 70°C for 12 weeks

Strain energy(kgf + mm)

Weeks Type of film
Native/PE 0.5 OX/PE 1.0 OX/PE 1.5 OX/PE 2.0 OX/PE
0 67.52t2.14 8727+9.78 73.58 £2.19® 72.63 £3.54* 62.36+7.86"
1 69.88 £13.93* 79.19+ 649" 76.97 £12.15* 58.64 +7.48* 63.62+£7.07°
2 67.0319.02° 76.63+11.53° 61.39£3.79% 61.84 £8.49% 55.34+7.38%
3 61.70+11.50* 71.94£397° 62.931+6.19* 58.60 +4.05® 51.51£8.17%
4 58.4816.25" 73.47+9.78 59.29 +2.27> 54.19+£2.80° 51.34£6.11%
5 48.29+15.92° 72.17£8.56* 67.32+£6.57™ 58.47+4.76" 48.02+5.31%
6 43.64 £6.35 71.79+3.95* 58.76 £10.11™ 59.84 +£5.07® 51.68+3.61%
7 47.03+18.03* 71.26+15.52* 63.15+6.68™ 59.12+2.71* 53.30+4.33*
8 59.80+28.82° 37.99+19.75° 50.92+28.18° 5373+ 13.44° 40.83 £26.53*
9 51.96+32.19° 22.14£32.67* 7.18+3.12° 4938 £12.06° 41.57+£15.75%
10 48.17+30.74° 3.09+2.45° 10.61£6.77° 13.05+12.71° 34.45+21,12%
11 464+1.02° 0.54 +0.00° - 8.86£5.57° 29.86+15.91%
12 10.32+0.00 - - - 17.38£12.53¢

Each value is a mean for four replicates.

*dMeans with different superscript within the same column are significantly different(p<0.05).

Table 10. Tensile strength of the oxidized potato starch(10% )-polyethylene films by the heat treatment at 70°C for 12
weeks

Tensile strength(kgf/mm?)
Weeks Type of film
Native/PE 0.5 OX/PE 1.0 OX/PE 1.5 OX/PE 2.0 0X/PE
0 1.0018 £0.02* 1.2229 £ 0.02* 1.3558 £0.02* 1.4959 +0.03® 1.2360 +0.02%
1 0.9818+0.04® 1.4667 £ 0.06* 1.4245+0.05* 1.5792 £0.08* 1.3552 £0.09*
2 0.9922 +£0.00® 1.3448 £ 0.06" 1.3677 £0.06° 1.4756 £0.07* 1.3193+£0.09
3 1.0375£0.03® 1.3365+0.07* 1.4026 £ 0.03* 1.5308 £0.07* 1.3026 £0.08°
4 1.0526 £0.02* 1.3360£0.03> 1.3698 +0.08* 1.3178 £0.08° 1.2261 £0.11%*
5 1.0250 £0.02* 1.3881+0.09* 1.4776 £ 0.09* 1.541710.11%® 1.2584 £0.08°
6 1.0094 +0.04* 1.1297£0.14° 1.3334+0.08° 1.3828 £0.09"™ 1.2156 £0.10®
7 0.9344 1 0.09® 0.8620x0.03¢ 1.3172+0.12° 1.3859 £ 0.04* 1.2688 =0.04*
8 0.9110£0.16° 0.6521+0.38" 0.7542+0.45" 1.5146 £0.05® 1.2646 £0.10°
9 0.7156 £0.13¢ - 0.5854 +0.29¢ 1.1389+0.60° 1.1995+0.11%
10 0.6930 £0.35° - - - 0.9313£0.16°
11 0.6750 +0.34° - - - 1.0854+0.21°
12 0.6156 £0.36° - - - 0.8453 +£0.04°

Each value is a mean for four replicates.

*"Means with different superscript within the

same column are significantly different(p<0.05).
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Table 11. Percent elongation of the oxidized potato starch(10%)-polyethylene films by the heat treatment at 70°C for 12

weeks
Percent elongation (%)
Weeks Type of film
Native/PE 0.5 OX/PE 1.0 OX/PE 1.5 OX/PE 2.0 OX/PE

0 179.35+15.16* 130.47+14.19" 152.62 +£14.43* 133.88+1.91° 130.00£10.13°
1 165.77 £26.98® 127.21 £6.95° 123.72+1343° 114.98 +10.54° 131.94+3.91°
2 164.03 +16.82%® 12743+13.13* 127.4449.29° 128.55 £ 6.24% 113.34£10.58*
3 167.76 £23.79* 124.16+10.29* 120.48 +3.28° 109.59+3.37° 112.42£9.63*
4 166.40 + 5.42% 125.61 £6.53* 122.64+8.00° 116.58 +14.73* 110.54+11.45*
5 166.25+29.97* 123.17+8.99* 11729+5.57° 113.88+11.53° 107.22£8.86™
6 138.05£26.21%* 75.12£20.20° 120.96 + 4.56° 109.15+£12.36" 99.78 £16.87°
7 147.20£11.00° 33.331£9.24° 11444 +19.74° 113.12+9.51° 116.09 +8.26®
8 120.90 + 60.05" 5.55+£321° 1792 £15.77° 113.34+791° 11825 +14.55%
9 45.48+£40.13° - 390£1.95° 53.58 +34.25° 108.18 £ 4.86®
10 14.17 £12.36° - - - 50.27 £32.52¢
11 9.73+£545° - - - 74.02 +34.85°
12 9.04+5.37° - - - 27.831+8.06°

Each value is a mean for four replicates.
*Means with different superscript within the same column are significantly different(p<0.05).

Table 12. Strain energy of the oxidized potato starch(10%)-polyethylene films by the heat treatment at 70°C for 12 weeks

Strain energy (kgf + mm)

Weeks Type of film
Native/PE 0.5 OX/PE 1.0 OX/PE 1.5 OX/PE 2.0 OX/PE
0 53.43+3.87° 43.29+5.50 58.13+£6.07 53.58+1.14° 4428 +4.73*®
1 49.73+10.23% 53.54+3.95° 50.33 £6.25%® 49.99 +7.60°° 51.39£2.60°
2 49.74+5.14* 49.06 £6.61™ 49.61 £4.83» 53.09+5.39° 42.02+£6.35®
3 53.48 £9.26 47.46+3.86® 4738+2.81%® 45.56+3.19* 40.82£3.49%®
4 53.99+ 1.66 4799 +2.81™ 47.49 +2.98* 42.68+8.06° 37.76 +6.87°
5 53.01+9.15 48.99 +3.80* 48.70+3.50: 48.78 £8.32® 37311446
6 42.58+10.19* 2427 +8.18° 4574 £4.88° 41221475 33.861+7.91>
7 42.18£7.36% 8.69+2.74° 42.48110.39° 42.72+4.20° 40.83+2.83*®
8 3587+19.78 320+2.68¢ 4.70+4.44° 46.69+527*® 4205+7.73*®
9 11.05+10.90° - 047 £0.23° 17.65 £ 12.26° 35.92+2.00°
10 2.95+2.88° - - - 14.53 £ 11.79%
11 173+ 1.00° - - - 24.28 +14.55%
12 1.44+0.86° - - - 6.96+£2.22¢

Each value is a mean for four replicates.
**Means with different superscript within the same column are significantly different(p<0.05).
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