A

L™ y
—

)

W o

e

YAV 50l o o led (o0 3ls 0,90 ¢ Jarme pole aslilad

Yor-vis

Sl (ol g Of Cin ¢ j 415359 (599 u 5 (o)
C K S Cino 3 0Ww] (5l 9 i dy o (B0 Sl

OLSIFE 3 (s ¢° LIS p 3 O ot

U‘)"‘ ‘J.;BLO.) uﬁﬁLoé J.‘>‘5 ‘GA)LMJ‘ ol)—l o&m‘éﬁw) Jam GM‘O au.m.») .lam 05; )

U‘)"‘ u.\a'BLoo ‘J.;jl.m) J}‘j 6@){...4‘ O‘)] Oliu.u‘ub M) ;)A aJ.;BLmJ )'é("“) w...v) ul.»)l_v v

VWAV ENY il gl VYRFLFY il a b

Sl SElke plsr 5 ol Clogin) 435 (68 wu S owyp IYAY GLOIE o5 g b LOIF >
NNV () VF L s pole dnlilad . sus dinn mlis )0 oolaiul gz pdycu 50

Sl sl Slse 42525 ol Sata g 0 plar ol 5o oSS & i (Sl Slgo ol slailony b 5 il
S lSal, 5| (S il gn loilonsy ol 355 (Slaie o yone 5 (oS (Sl 8 s A3 g0 (Vs S Tama 5 1
Gl 3l el pdy 058 Sy S ag (slaghy; 5l (Sotanl pdy o B8 SlaSiidl sl eslil (St (ol L ablis
lp o0 S 4 &5 ABboo Comnb ;0 Slse cpl Wi slaghs, Elsl T (S )8 PSSl (b lajedly L ol
a5 355 o by Gl 10 i g dags Al b atsls o lge st ;3 45 (gok atey slacars o oslitul B slacSidl

ol ol

5 o3l (gl e oz S il (g5 ol Sl (s pdy B S 5 65 S BB ojeel (gl (o Hahs )y g Slge
o0 dngs o oal o (1Y + o VO o) oo Y FLY VLol §) _cakisne (sl pme sl 45,5 L5 50 (65 i slbonin
5 15,5 plodl ladiges (53, g5 0, 5 o] i el oo aalitul izl SidsS Slsieas el Sadle Gl Ly 5 e
S8 S Ceaglie (yg03] loads 00l 1,8 095 auditns 555 50 ole ¥ e s ldigas el 00l oy by | SlSe slacols
o 0,55 B i eals 18 S g0 sle V) Gike s o] g el 48,5 plowl 0 j53 15 B yme 40 ldiged (65,18 5l aw g

o 03l 18 s uslyd ] (5 yme 48 55, AT Sk w oyl e 09 s ol

o obe V5l Gy eilion (IS Sl Jpte 5 05l (220857 Cunglie atialts (e Gl L oad plail gl (g pliy em g gulis
aalts oliee Gl L oS ol s O i (gal @l il (2alS il e 4 b Jsoe 5 (SlSle Canglive 1285 )18 158 (2 e
baaiged (339 dmalie )15 (K 35290 JenS'g 000 (sloog 5 slas 5 (JsShe (55 40 Ol Dz el 00l 03938l ladiged ©f 3o
O3s R s S 68 ele V)l ey atslts Jolts sladiged senlag] (s o 25 S5 S 50 (89 jlam 9 S
ol il ;2eS lo sl 40 aiwlids (e 4> o . Sl o0l o alidd zo > g o Sl3T 51y (Silse slacaols jo cdl g o

* Corresponding Author. E-mail Address: khoramnejad@damavandiau.ac.ir



e SlSe (slacanols 5 Ol i ) 4355 (559 B o) 2

015 1,3 digas el 10 45 glaianlit 3 15,08 ai 41,5 BoppanslS g Sion ywyis 50 5 438,515 S il oy e il il v
st & lagl slap 3l 5 laeaslS ls o S o ladigas wile ploy G2l b 00y (o S5 () w55 rme 1o 5055
g so yorly S5 4528 s 9 00,5 3985 (ol Sl (950

Lol dly (99,K00 e plie 5 puedlS)lg Ko Cud )by (09,0 (6 i 5 S

sliais o ool ;Mbbswhsa &9 w):uJ_\lﬁj).u» o B Lg.x,:stﬁl,;o.xJ wag@bgpyb:dgw
A,8 13 el 4y o lazme 0 ladigas (pl 5145 S50 10 all oo ally 30 e (g5le and S5 o 30 o)l | gu aay
o Olge (gauy Ay (gl 0ad 0y sladiges a5 el az gl LLE abled s o B A £g,D g Wigd go bilauols 8l o kS

(S A ol Dz (Sl slacols (Ll b iilis (pdy o B8 Cony ey 1goalS o3l

.

Aol

Slye Cypl 35S s 8 ool 550 e clacanio Cods 3 oS Lii> ol alie cla s,
i gy Sllasl g L85l ol )] G Ay &5 Sl alBls 0925 oldE Slge 09,5
slel Sasedly Slge b gy ay a5 VAT 4o VY logy 8 50 il oo g, ol 5l (SO (olae slge
039 ol S 4 Cews dgie 50 b S (pl il 00l "o e bl ged 5 B n (x50 e WY
2o JSie (6,50 g i dlge 4y Stwwly (S el ol o ol Lmels 5l sl a5 wailag
a8 olge 5l g5 gl paudy oy s .yl olge Ol p (g diw g sl (Hardenburg, 1967) 4.5
6oyl il ol iy S e g Wl VY by g aul 3, VAGF Lo 4o sl
Lise 4 g ool Comy) e (Sogll o Buile 2l el lagl m3 cplios aslo asolle s 8 oy,
YLl (Dukalska et al.,2008) wilu , oo com! il A oo 03 (55950) 355065 (s A Slge 4y 4T By

"o g ez )0 e Sy (F geles VT 9 SudsS > 0lds Slge (g dtuy IS Bua
IV IPPEP R Fow DX CHP USRI IVA SRR PR CRPUIRR 3 G yae lawg soliiwl by B ady by 5l 138 cudlw
(Gomez et al., 2014) Iy olié slge gaiy dns uiomen g .0l oo BasS
299958 (oo (A 0y0j9, (S 50 S bic 2lice) 5 aberd (Soid glocas]
3y90 Sy >l U a8 slraahais | lom bl yulyw sea¥I.( (Dallyn and Shorten,1998.uS o
Sl oot wies oyl L ks ool O pyoms b g ol ausls o Al oo ot See
(Abdul Rahmanetal., %8 glos S (5,5 5 calio Slge ot (S e 2ldE Blge yo gk olde Slge
b o JSiw 4 LSGLDl o ggs des b 2006) Loy hre Slge cCush) oS olSin (jos aed 5 2l0e
5 lSadly faile 8L ley 1 &l ool Joaus Cas o 2l S gl ok Sl b oy
& b .( Tharanathan, 2003) el SYsb Jlws loe 3,90 ool 1y K89 m0 b co LS WS 0 D> los
pas g ol 4378 gl gloan]p b Slo ol A3 bg Ot (b oy d slacais ;3 ool

30 0lse cpl (6 BWle s b oy S LiCan ) 450 3 Cewl Jo B0 31 G oS all co 5 pendy b olse

VPRV 50l ¥ o)lod ol 0,90 e slasme pole aslilad
Y-f



ObolB a3 et 9 Lol )5 ol et

Pl 53 g )5 walgss & jeo )] 5o @) 5 S
JB ok Ll 0,8 oo S50 i (0] (S
9 oxipndy lame )0 obo g0 Do 4y ST Sl e
SIS plSiad 515 0 43555 3,5 10+ Cugh,
(Nwe etal., 2009) 54 oo awls

5 ool i US55 Jgil,S T oole oS aulis
0 oS Alis Ojpon | 093 (55 e (LS
S g2l oo ST 5 ol o o B sl oS
b= g Wb b slayey o)l
S0l (b Sl Real (bglse jlas el oy Bl
el glasls oy 5l (L o g jsleel pb 4y o
@ Cadlg IS o awlis .l oo LSS S gl
o) g P g I slaasls o gl 5 S
Sy goy3 oole S St awlis 09l o 0033
58 ooliul 5550 Sy Glgreds wilg gad g ABl o3
S )ple (dls D)l ol jpa 0 STl 0,8
Ol S jsbe 5 i8S 18 ol arsVy anls
S0 ko Sy g 5 oeole o4 b s
(Raj and Sankar,2004) s4.

5355 OpmlasnS] 5 Lol Jole s ani
- oo Sl satice 4y 52 Slge 5l (6 ke jo a5 bl oo
(ool 8 axil lwg oud osbml 5,8 i S
3 5T s 1035 ol (5 o 05 9 S
YUsif) o0 ool (Jsshe 035 20l 5 IS0,
o 50 A 4o 3| sla g .(and Haddad, 2013
Q0B 50 55 Zlsel a5 el ooy lis b yeds (5598

Fer oogame jo oS ML.GQ Gy 0,02y 5

Shibataetal., ) .ol sosleawsas ams oy 2o yiogil
(2016
FB o pady 0y s slapailSe
Sl 5y S (29,50 S N A G 5
Ot e 8300 5 g B g LS g Soe Lawgs oS

Gyl Grdy oSS 08 azie slp G,

) 00 SloplSe by e b Sdly 25 o s
JS (UK o dlge cpl GLlay il cols plaisl og 4
S J= sl pleoly sl aus BB g Ly
bl gl 5l (Ko a8 o)l 2y bazme 50 laSadly
> 1) S5t ool g oo (2l 4 b3l Ll il oo
) o8 lacSeidly JS x> Gl od a8 cnl b S
=Sl o )0 S dgu 4 A oo ywedt W0l rals
ey Nebee <ibil Gl 0 ady e
03y o &y 4z g b oy joalS Jod I aSGadly
bk 5 Slge (B pd 5l Bl CollE Bras
0 ool .((Nakamuraetal., 20050.5b o (golasl
4 a5 adboe b 0 LD (05 pdy o5
oS 5 by cnl 31 S0 55 o0 90 il sla s,
Wb oo (srmb loyendy b 28 b i slopendy
69> By g3 loyord Glacesls o a5 )50
Al o 55 BB a5 Tz 0 a8l o g il anils
B 5l o sla oy b s sl jody g, 00l o
S o sl ol (ol o5 i gm 05el (5 3l el
(Liu et al, wib oo sypoudy Sloe oy a4 auisn
g o 4325 Lams ) MalS” xnlo (slo yacl; 2003)
O Ll W)l gy Jaeme JSie 5 ki CeaS )
S yS s plSl (g3 lryerdy 4y o Slge
2B e slo ek 5y bt culsl )l
Sl ool b (i )5 .l oy plomil (sdo Vo ams o
039 o ioghy 3l 09,8l plliy atulas b sl b
Sde )0 pdy o B S poudy (Griffine, 1995)
Sl 5 (s slocasls lls canl oo colaul
Sy oolo .l 28 b g sl ey b Sluwes
58,5 1,8 g oolail 5l Ly a5 el (gl oolo «pdy B
i 505 9T 0] gzmen Selge 4 o o

.(Ikada and Tsuji,2000) 5.
g oxipdy be o ST aid BBl el

Ay 595 g D9 (6,055 ole 90 Lt 4 LD+ Cughs

WAV 5ol oF o led (om0 35ls 0,90 ¢ Jaors pole aslilad

Y0



e SlSe (slacanols 5 Ol i ) 4355 (559 B o) 2

Joloee (nl 5o yealy sladiged 5 0w, o ol
A el s 6 S A e A jgabgl
il a0 Ve glos )0 59, AT Cnw 4y g Jaiie
R I L N A e N e ]

Jose 9 SOL LG Jsb (G958 (oiiS Cuglie
B Y 0B Canj (9998 Dl b Co SIL
oL bl oals oolo las v SKS o asilis sl
o8l (LG Jsb (S958170) + b arulis ol ol
S G sl s T Yl lsee s Ul s
3 S e o aslias Ko Oleds by o el
Comdy ool o)l coie 31 (FL G Job o385 )+,
Saleh ) sl ool somline o e Lgl-b—um“j)-’ PO
gl se (oidS Caglie 5 (SHb B sk (S938 g
Ol (S (a8l o ayjaudl Sl st
(Griffine,1995) sgi oo aiwlis § o e sibo
(sietS Cuaglie ol 38l o WilgS o 5l atwlid Ll
9yl Setllo (LT (e gy iS55 0 050
é)b o)'.:.c] oﬁ.ulfm 6L®M" ol 2 e 6)"‘ awlis 9
(Shelma et al., 2008)

840
820
800
780 |
760 |

740

S B Jgb ol
Elongation at break(%)

720
0 5 10 15 20 25

awlis glgixo
Starch content(%)

L0 0l 40 Cansls U Job 5938 - S
Fig. 1- Elongation at break of the samples

599 5l G Sy oS cwl plalass 5l oolanul
Sl sl 1 Ghagty cnl 55 Wigd oo 3)ls il 4 )
b S Ol (b 005 pdy B S
oy (Sl glcisols g csl suls oslau]

0dl oy diged Ol LA g S 9 68 N

W 59, 9 dlge
Yl S L s S ool L )
O9 b alis g nps oenBerh o Jyame
2SIl Ll L g sl o osliasl ymly JsSho
5 dilis aBl o SIS 05,8 claady
NSFEI VA SRR AVNVARIVATL VA J0 0P PRI
o amlis bt S ol L el oad
el 00 050l Blaie Yo o v uSiags, aSoolSius
sl ¢,V Culo 4 glodd,s O g0 Lo juo!
sl_diges Sl slbcaosls wloas oy
sl o0 ool bl oKz 3 oolinsl b (6 poly
5 g Baiges ¢ Ol iz (i 615 o3Il 6l
-G el Y ladiges casaud oolo L8 jhaie Ol o
“Eep TSl U wad o g 5 00b g, 51
o Slp i o baiges )5 (Jhs sl 4
0% 9 0%d (359 b Aged (S )0 (Sany
ALY Sl slalold o 5 wiad ooy (I3 S
S5 o3l dayT 59 g o 7,5 S5 5lele VY
30 A )95 s Ho5 (B y2a 5O diges .l 0ol
sole ;o Linlejl ley .asas osls 1,3 o3T slem
Old e i3l ol Joma 5 5505005 5 019 0c 3
Bl Dot sile j5 aSs ST sy, gl o
S @B W Ol oein slp wlad S8
59 yeutle Ox0 olul jo oyl (s el sladiges
27 gkl (Byme 0 BT el S las

O (G G0 gl Jolore Lasal ool 1,3

VPRV 50l ¥ o)lod ol 0,90 e slasme pole aslilad

Y5



ObolB a3 et 9 Lol )5 ol et

45
40 4
35
30
25
20
15
10

Kb Joo
Young modulus (Mpa)

0 5 10 15 20 25

awlis glgixe
Starch content (%)

o el il Jgoo —F JSis

Fig. 3- Young modulus of the samples

50 Al oole JI 3 S o ole VY o s g 00l 39
3o Al ol S Cogb ) (ge;] e
odd gzl Sl S Jes sladigai oo V) cldS
ez HAd Gy GMSES g gdied 5l e g
o baiges (SO B Jsb (G938 5 (o225 Cuaglie
Senzy Ol 285 I3 (pyp j90 SISl >
Covsiy p; Aslan 5 ST 5 latigad (5 55
O PNV

M

Gy P S (adsl 039 = 25l 039)
(1) S o

adsl 03

SE Slzes ol om baiges 0j9 (el T JSs
e 50 SB oy bdaged wes e ol )
Oy OB WS e 18 S Glapesl )l See
38 eeslS )y Koo bawgs o] B pae Silis adiges
o boaigas ;o Syzge anulii a byl ail oo S
35750 Spancil g S Langs 45 oy il S o
Ao 50 g dwlis 45T o Qg o0 adgi S o
1o lasigas 55 53,5 n 5pmal 0y 5o SIS
bl gl dos asile ol Jalye il o S5
el g S olend (oS 5 sJB)QgTMM@

039 el ol 0 i (Bastioli, 2005) wil

S Cnglito

Tensile strength (MPa)

3.5

2.5

1.5

0.5

0 34 7.4 10 15 20
awlis glgiomo
Starch content (%)

o ol (S Caogliio —Y JSCis

Fig. 2- Tensile strength of samples

09938 b ablige Sepie VO SS e oSSl
Cge &5 WS (e obml (Kiwsnl ek o yle
9 oS s Djle 4y 09h o0 (LEAS Cuglie rals
oAl bl o5 ey oole e cains STy
Ol b opel (L28S Ceaglie halS o (5 pedy
3 e s otz Sy aelis lies
Coglie 2alS 53 (coge SAE (5 youly G ple g ailis
oS LAl atalis aiS Caeglie 5 o)l ladiges oiiS
.(Arvanitoyannis et al.,1997) osb o

aalis ol Gl L oS ams e i ¥ S
0,50 dlae yiin .l oo ialS L o ‘o}.:.c] 40
e b 25U Gl aS WS e 136 SSb o 2 py
Cowy oobe S| ailoe LL3,l 4o oole slesS g
o oRlBl Sb oo (e Wil S pdy a5
2l g SVl (glosle carulis aSil 4 azgi bl
Sroeky mpile @ Gad 00938 b o)ls e i g
L 9gh o SVl oo oS o

ooliinl b S 50 laojusl (6 pdy cu 56 S
Sl 0dd odmiw diged 39 g pd o
Sy S Sl S bdises (5 G5
S5 s sl digas all co (orlo Laize jo ladigas

VWAV 50l ¥ o)lod ol 0,90 e slansme pole aslilad

Y-v



e SlSe (slacanols 5 Ol i ) 4355 (559 B o) 2

Swr g 3 1) baiges (SHL U Job (59590 o)lets SO OLas 093 5l (539 et S Eed (s S L1
A oo lid Sy g 5 ) Jolis sodiges ()39 yutd 090 (o o BB a5 ol
1.20
1.00
_ 0.80
y 2
L & o060
8 E
2 g 040
0.20 a
& 317 714 10 15 20
-0.20
i glgxmo
Starch content (%)
SL 50 059 U g (S ey -F SO
Fig. 4- Biodegradation and weight loss in the soil
900 -
800 - I
700 - I I
>F 600 -
i kL
3% 500 -
= & 400 -
__;: §n B S oozl L8
W = 300 -
E 5 S o a5 5l om
200 -
100 -
0 .
0 3.7 7.4 10 15 20
awlis glgioo
Starch content (%)
2%y jlam g Jud (SHL U Job (938 i -0 B
Fig. 5- Comparison of elongation at break before and after soil burial
Jolis digei jo 2alS i o yiin 5 adb oo IS b Jsb (S958 Canl ol & JS& jo a5 yliss]
Sy3e 3 iy iyl el 00 oomlive anwlis Yo, el aily 20lS Sl zg 5 5l e badiged 5 5oL
JKE 50 45 S e Gao 5 lojeel (S Ceaglie Wged 4y bogrye (S, U Jsb (S938 RalS e (25

VWAV 5ol oF o led (om0 35ls 0,90 ¢ Jars pole aslilad
Y-A



Oboly % e 9 OholF e ol

Loy york @ LBy S alo o & Wi e
o Ladled ol den 020 F) ailoads md 5 0wl
Orhan et al,) Wgd oo pSoumSlss (g5lwoll
.(2003
038 sdls (S o bdiged wile yloy ial3dl b
3 O9rge wlis (i 4 3)90 (nl S9d e i
Olime ol sladigas s w0l (S 55 badigal
Sals wiley Sb SB s iy 4 e anulis GV
58 Wbl e 4z e aams oo Ol 1) 65 09
ol b sl b cov opuel il jieS Waojuel
B el )l Soe o iws jo 5 a8 18 S
Qyls 1,8 Bgad mhaw jo a5 glaulis @lyd 0 8 o
ORI L WS oo B () B B )3 535
o 3l § BeanidlS g Soe S 50 badigas wilo oo
500,5 395 (5 yorly e (Fo0 Glaciand 4 bag)]

Ligd oo yourdy JS 558 o
3.5

3 i

2.5 4

SlsS Cunglio

Tensile strength(mpa)

aS o; LY d.j}fQﬂ‘ u‘?‘gs" ol ol £ O)Lo.:)
LS)""‘J‘ 6[.%43)3 C.‘a..u )b ‘vab o)j_'> U"‘)”L"’ sd.;‘ob;
2 Gk o pile b (5Keal s 45T 00l Slxy]
i go e e |y s ile 50 CSh a0 g 00 5
EPENS RUS TSI VNP v s
(Bikiaris,1998) s ,ls
oty Sl siaols 1ol g ey Girs
MLA-AA-’ Cﬁ)’ ).:‘ )0 45 w‘ LS»LQOJ.GD UM] 05}544
(Rutkowska et al., 2002) cosl ouls olx! @3
Loy (59,05 5l xS Jele Hhsld x5
Setllo g anlts 855 L o5 oo lopuandlS)lg S
bog o Gir Jdgyas Jelss Gleiear oyy005]
—o2 5l o byl g atulis 4o g 090 o0 (29,500
Solle glacaols pals 5 il o canil

Sroeh dised (Sl Glacaols el 0o 5 o

B S o 80 5l i

S o 5805l e

BTt
; III II

il glgixo

starch content(%)

Jb)OM)zaﬂM,JﬁelboHTnglumlu—?J&w

Fig. 6- Comparison of tensile strength before and after soil burial

(539 335 LS bl oo atulis BB &5 LAl (s ey
>y alis g g Gl BB S 5 aS ol las

e Gl b el ol ¥ USE  aSilis

diged bl oo alwlid VY Jold diged 4 bogype ol

VTRV b o o )lod emo il o0 « dasmea pole aslilad



e SlSe (slacanols 5 Ol i ) 4355 (559 B o) 2

ouiiS 55k 4 a5 0y 00l oy S tall L

ot onl e Gl ol Qi 25 als 3las
4 ol S S5 5 Sleps S wdg 4 (g e
50 ol i il T ass as o5)ls cawgal >
ey ShewS 5,5 Sles )5 4z 2 bl oo ol

09»:‘50 o0dud g_j ud~> )l GM u‘)a.o QJ9.»J du..]y

g
£ 0.015
=
A3 0.01
) g
5.5 0.005
£ 0
s\i oalld i gl

3.70%

7.40%

ol oS g e Slag S 1 0l ol il 4y (605
oo hSES Gieed Wem o cbadsSle L
Cawgsl i) sl ,ouls.(Devlieghere et al., 2004)

o5 e 039 45 bl S L Vsors 5 it

.o)lo ‘;Mw Og2 94 Mj)w 6&05; Sl 9 ‘éjjsla

10%

15%

20%

awlis glgioo
Starch content (%)

il | (s S il by 61 0ol bawgi T i -V YU
Fig. 7- Water absorption of the samples

a0l ol lus Oogen Ghsy cnl o

S5 Al bl o el ge ssdn st
Bged aadood (LS @Sy See 5 S 1) s,
Wges 223 cod Hlid 1) g 3 anwlas LYY Jels
oLt s o i agi |, s, analzs LVIF Juls
2 el gatine W) sSg Sae ) 50 Lol ass el
oaud B ady anulad UV 4 UV Jels sladigas
oxiligy 1) diged grlaws 1Y O 5l yieS 0 ) 500 Lol 090 o0
Ol oom 4 1) ol anles UV Jeld diged oud
oniligy 7,8 lawgl diged s 1Y 5l iy a5 aeo 6
Sl Jolds aiges fyaej] Goe plad jo el s
Syge 5o ol lis 1) 2B s ASme alls
0, Jgl obo gleail b arlii o8 e Jolis (clodigas
Iy 2B ol pas ol as i oays badiges ;o sasein
(593 EAB A 513 a5 ol o o ke & 5o
3 el g Se oS wad 0 (i 5oy (Sladiges
losls 18 Bran 3590 (05 (ol e Glym ok
3550 ol )ls So sl ()5 e Slpiear aniliss

J.ALM: lem o)_».nj Ja.wy s_j ud.> \s J.iw d.»Ua.a
:b;@.cn 9 o él...w‘ Qs J.nl...u 6Lao),..a1 IR VY
Ol b ogd el 00y oy aian LL L ‘SJ ol
4.._9[; u,._.l)sl ;.;‘ u.\> W) l.@o)..uoT BN dwlis Q‘)“"’
Sl 00 u.al.v ‘S.DL..A 9
bl lg S al) (e oylailinl 3l

el ool pla Vg )0 (5 el (6 badiged (59,

[ s Somw (il (i ddiges p @)1 oy -) Jgur
Table 1. Mold growth on samples

Sy ylade
Growth

diges
Sample

Pure sample ,alls 4 goi
Sample with 3.7%starcha .l 7Y,V b aiges
Sample with 7.4% starchai.las 7Y,F b age
Sample with 10% starchaculas 7.1« b aiges

Sample with 15%starchac.les 710 b aiges

w NN P, O O

Sample with 20%starchac.las 7Y« L aiges

VPRV 50l ¥ o)lod ol 0,90 e slasme pole aslilad

Yy



Oboly % e 9 OholF e ol

S B 039 ek iaalis 1Y+ ol diged .ans
4 koo iy el e otden g 0dlad plad |
O OS] el 039 aalis VY Jols slo digas
by atolis Dpae Klas 48l 5 addl o3
Sdigel (L) o2 a2l )0 g LpadlS)ly e
S Slass anulas wops Gl b asbe s pe

S e oy il a8

"l ey 5 Sl Sl sl W5 18 B pae
O35 3 5 S8 ladisod nl (59 et 3l oo yocy sl
G yoals Slodises (39 s A JSS ol oy oolazul
esee L B el Slaw s LS 1,
595 AT 5l Gy eilond (359 GgasT 5l Jo8 lnaiges
9 O Sl e g o a6l e S

b Sl diges el dgpuin Jlogad jo aziliz ail oal

ol Hlas 1) (Sig et AS e s S L]

3.5 .

B 6o, 5l i

039 oWl
Weight lose(%)

LLDPE 34 7.4 10 15 20

i glgiomo
Starch content(%)

SN ailko )5 39y AF 31 ouny sl | s S (ol oy SBig03 (339 ot —A JSs
Fig. 8- Weight changes after 84 days of incubation

900
800

_§ 700

2= 600

2 9o

3 £ 500

s 5400

a &

% g 300
E 200
=100

0
0 37 74 10 15 20

awlis glgioo

starch content (%)

B s 0 6rlA ol G W s 50 S8 5

OR55 )158 595 Py 50 3l am 9 JuB b digad 53 CunSh U Jgb (Jg38 -1 U

Fig. 9- Elongation at break of the samples before and after exposure to the sun

WAV 5ol oF o led (om0 35ls 0,90 ¢ Jaors pole aslilad
AR



e SlSe (slacanols 5 Ol i ) 4355 (559 B o) 2

A
wn

starch content (%pauds gl gias
= N
— (¥,) N U

wn

(=]

(=]

10

tensile strenght (Mpa)

15 20 25

—e— beforesun exposuress s 5 (20 5108

emguna fLEr SUN EXPOSUress 35 3 (20 5l

OR55 518 98 e 50 3l g B adiged (LALS Cunglile - S

Fig .10- Tensile strength of the samples before and after exposure to the sun

5oty o Lo 1 56 bl S o laaiged
250 g Cal a5 & js0 olT Lasee )3 ladiges ()95
9 OM Ry o S Sypoa bidised s
$9) Sl glacus pbxl og dspie (FaSs
5 b a5 Sl glacaols als 5l oLt beaiged

Bl oo Sl (6 yordy (slvoyozy eSS

SISl

oIS (5,58 5 Shagly Sislae labiwy o
Ui ol Cules ol wigles axly el ol
e b Sl e pole dllie pnled oo Sl ,08
ol o

1 IEC (68-2-10)

Abdul Rahman, W., Rasit Ali, R. and Zakaria, N.,
2006. Studies on Biodegradability, Morphology

3l g B3 Sl lacesls 655 o3l
Sl a8 llaols o als 18,5 51,8 55 o yme
PS50 e oo LS 1) Wl e ladiges 59 5L
iz |y aed o3 il 8 antl Lss S sy S o8
s 45 38,5 o Sl 3T JG0l) (6 s 9 aS o
e 5 biged 39 on (el 050585 5 CSD
gl oo SS9 oSl s

S5 i
R Ovged cu B Sy lp e (! o
ool ‘SIBS_LQ O b aswlas Glcp S 5!
i Gl b a5 wilols lis b el ond
Sl Gz uizen g ojel (Sla 58 il
(59938 3 4l slgiome (e ki ol 4l ol

aS Cewl ooy lid S 0 bdiges 80 .Cawl axils
&bo

and Mechanical Properties of Low Density
Polyehtylene/Sago Based Blends, In proceeding

VPRV 50l ¥ o)lod ol 0,90 e slasme pole aslilad

VY



ObolB a3 et 9 Lol )5 ol et

1st Int Conferences Natural Resource Engineering
& Technology ,Malaysia, 24-25th July.putrajaya,
p.434.

Raj, B. and Sankar, U., 2004. LLDPE/Starch Blend
Films for Food Packaging Applications. Advances
in Polymer Technology. 23, 32-45.

Bastioli, C., 2005. Handbook of Biodegradable
Polymers, Rapra Technology Limited, UK.

Bikiaris, D. and Panayiotou, C., 1998.
LDPE/Starch blends compatibilized with PE-g-
MA Copolymers. Journal of Applied Polymer
Science. 70, 1503-1521.

Shibata, A., Yada, S. and Terakava, M., 2016.
Biodegradability of poly (lactic-co-glycolic acid)
after  femtosecond laser irradiation. A
Natureresearh Journal, Scientific Reports. 6(1),
27884,

Dallyn, H. and Shorten, D., 1998. Hygiene aspects
of packaging in the food industry. International
Biodeteriration. 24(4-5), 387-392.

Dukalska, L., Muizniece-Brasava, S., Kampuse,
S., Deglina, D., Straumite, E., Galoburda, R. and
Levkane, V., 2008. Studies of biodegradable
psandra olymer material suitability for food
packaging applications. In proceeding 3rd Baltic
Conference on Food Science and Technology
FOODBALT-2008. Jelgava, Latvia.p.64.

Nakamura, E.M., Cordi, L., Almeida, G.S.G,,
Duran, N. and Mei, L.H.l., 2005. Study and
development of LDPE/starch partially
biodegradable compounds. Journal of materials
processing technology. 162, 236-241.

Salleh, E. and Mutramad, 1., 2007. Mechanical
properties and antimicrobial analysis of
antibacterial starch based films, International
Conference on Advancement of Materials and

Nanotechnology, The City Bayview Hotel,
Langkawi, Kedah, Malaysia, 29th May-1st June.

Yusif, E. and Haddad, R., 2013. Photodegradation
and photostabilization of polymers, especially
polystyrene: review. Springerplus. 2(1), 398.

Devlieghere, F., Vermeulen, A. and Debevere, J.,
2004. Chitosan: antimicrobial activity, interactions
with food components and applicability as a
coating on fruit and vegetables. Food
microbiology. 21, 703-714.

Griffine j. 1. chemistry and technology of
biodegradable polymer, chapman and hall. 1995,
London.

Hardenburg, R.E. 1967. Wax and related coatings
for horticultural products. A bibliography.
Agricultural Research Service Bulletin 51-15.

Arvanitoyannis, 1., Psomiadou, E., Biliaderis,
C.G., Ogawa, H., Kawasaki, N. and Nakayama, A.,
1997. Biodegradable films made from low density
polyethylene, ethylene acrylic acid,
polycaprolactone and wheat starch for food
packaging applications. Starch Journal. 49, 306-
322.

Gomes, L.B., Klein, J.M., Brandalise, R.N., Zeni,
M., Zoppas, B.C. and Coulon grisa, A.M., 2014.
Study of oxo-biodegradable  polyethylene
degradation in simulated soil. Materials Research.
17,121-126.

Rutkowska, M. Heimowska, A. Krasowska, K. and
Janik, H., 2002. Biodegradability of polyethylene
starch blends in sea water. Polish Journal of
Environmental Studies. 11, 267-274.

Nwe, N., Furuike, T. and Tamura, H., 2009. The
Mechanical and Biological Properties of Chitosan
Scaffolds for Tissue Regeneration Templates Are
Significantly Enhanced by Chitosan from

WAV 5ol oF o led (om0 35ls 0,90 ¢ Jaors pole aslilad

Y\Y


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4320144/

e SlSe (slacanols 5 Ol i ) 4355 (559 B o) 2

Gongronella butleri. Materials. 2(2), 374-398.

Shelma, R., Willy, P. and Sharma, C.P., 2008.
Chitin nanofiber reinforced thin chitosan films for
wound healing application. Trends Biomater Artif
Organs. 22, 111-115.

Tharanathan, R.N., 2003. Biodegradable Films and
Composite Coatings: Past, Present and Future.
Trends in Food Science & Technology. 14, 71-78.

Bartniki-Garcia, S., 1968. Cell wall chemistry.
Annual review of microbiology. 22, 87-108.

Liu, W., Wang, Y. and Sun, Z., 2003.Effects of
Polyethylene-Grafted Maleic Anhydride (PE-g-
MA) on Thermal Properties, Morphology, and

Tensile Properties of Low-Density Polyethylene
(LDPE) and Corn Starch Blends. Journal of
Applied Polymer Science. 88, 2904.

lkada, Y. and Tsuji, H., 2000. Biodegradable

polyesters  for medical and ecological
Applications. Macromolecular Rapid
Communications. 21, 117-132.
avx ¢
£7 N

W

VWAV 5ol oF o led (om0 35ls 0,90 ¢ Jars pole aslilad

AR



a % §
N -,

W
e

Environmental Sciences Vol.16 / No.3 / Autumn 2018

203-216

Study of photodegradation, biodegradability, water absorption, and
mechanical properties of biodegradable plastics for using in packaging
industries

Shahrzad Khoramnejadian'* and Shirin Khoramnejadian?
! Department of Environment, Damavand Branch, Islamic Azad University, Damavand, Iran
2 Tarian zist Sepehr Damavand, Roshd Center, Damavand Branch, Islamic Azad University, Damavand, Iran

Received: 2017.06.23 Accepted: 2018.07.08

Khoramnejadian, Sh. and Khoramnejadian, Sh., 2018. Study of photodegradation, biodegradability, water
absorption, and mechanical properties of biodegradable plastics for using in packaging industries.
Environmental Sciences. 16 (3), 201-214.

Introduction: Plastic wastes are becoming a major problem all around the world. Degradation of synthetic
polymers takes a long time, and so they remain in the environment for many years. Plastic packagings are one
of the main sources of solid wastes. Using biodegradable plastic may be a solution to this problem. Mixing
synthetic polymers with biopolymers is one way to produce biodegradable plastics. Another way to degraded
plastic materials is photodegradation. Photodegradable plastics could be used in packaging industries because
a huge amount of packaging plastics are being thrown away in nature.

Materials and methods: In this research, photodegradable and biodegradable compounds of starch and linear
low-density polyethylene were prepared. Samples with different levels of starch (i.e., 3.7, 7.4, 10, 15, and 20
%wt) with a constant amount of 5% PE-g-MA were prepared. PE-g-MA used as coupling agent. The
mechanical properties of polymer sample were done by santam instrument. Water absorpton of starch base
polymer were evaluated. Soil burial tests shown the biodegradability of samples in the nature. starch-based
polymer was exposed to mold growth to simulate biotic degradation. Photodegradability of samples were
measured by exposure them to sunlight for 3 months. In order to determine bacterial degradability, samples
were exposed to aspergilus niger for 84 days.

Results and discussion: The tensile strength and Young’s modulus were decreased by the increase in starch
content of the samples. The results of water absorption of the samples showed that when the starch percentage
was higher, the water absorption was significantly increased. After being buried in soil for 11 months, the
weight of the blends was decreased by increasing the starch level, which is an indication of biodegradation.
The weight loss after removal of starch was probably caused by soil microorganisms. If the amount of starch

* Corresponding Author. E-mail Address: khoramnejad@damavandiau.ac.ir
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is low, the compound would be affected by the low-density polymer matrix and unavailable to soil
microorganisms. The more the samples remained in the soil, the more consumption of polymer chain by
microorganism happened. Mold growth on polymeric samples confirmed the biodegradability of
LLDPE/starch sheets. Mould biodegradation depends on microorganisms and their metabolism.

Conclusion: According to the results, the blends are biodegradable and photodegradable and so are applicable
in packaging industries. Soil burial is a simple simulation of the landfill. These blends are suitable for
packaging goods.

Keywords: Biodegradable polymer, Starch, Mechanical property,Water absorption, Packaging.
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