KOREAN J. FOOD SCI. TECHNOL.
Vol. 32, No. 6, pp. 1298~1305(2000)

Jtmggt A FE® gHRe 2514 polyethylene W2
71743 43 A Bl 8y

Zule} - ol
AR A Eores, AT NIRTY

Mechanical Properties and Degradability of Degradable
Polyethylene Films Containing Crosslinked Potato Starch

Meera Kim and Sun-Ja Lee

Department of Food Science and Nutrition, Kyungpook National University
*Korea Food Reserch Institute

Abstract

Potato starches were crosslinked with 0.1, 0.5, 1.0, and 2.0% epichlorohydrin. Starch/polyethylene(PE) cast
films were prepared to contain 5% of the crosslinked potato starch. Mechanical properties and degradability
of these films were measured and compared to those of the films containing native potato starch. Mechanical
strength of the films containing crosslinked potato starch was higher than that of the film containing native
starch. Thermal degradability measured by a FT-IR and an Instron showed that crosslinked starch/PE films
degraded faster than native starch/PE films. Biodegradability of the starch/PE films was accelerated by the

addition of crosslinked starch to the PE films.
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A AR o] AAY g AMsle F23)9
32, Jane F0] wPYE FAslS slaAg A AE
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off "elAA AbollA 2AI7HE<t wukdt F 2A) A
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7}8iRT} od7)ell | M NaOHS-& #H7lsle pHE
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7tg =7}t o2 sh2dg A AR linear low
density  polyethylene(LLDPE),  prooxidant(IR 1025,
Novon International, INC., NY, USAYE £33} cast
Y55 AZstdck(Table 1). 7t2Ag 4= AE-E A
FREANM FEIHE 03% olFE HARAIF] F, o]
AL PEE $F22 E£¢sld 150°C, 50 pmeil M
kneader(Haake Rheomex 3000, Germany)E ©]-8-&}ed
50% master batchZ THE%IT}h. o] master batch 100 g
7} LLDPE 850 g, prooxidant 50 g& &+sbed 7hma
F AAAEe] 5% FHHES & F single screw
extruder(Rheomex 254, Germany)yg ¢]-&3le &2 ¥
I o) AE e}t AL AMEZEH o] 9 bareld) 2=
(S1, S2, S3, S4y= 150°C, 145°C, 150°C, 150°CR. &
A3l screw speed= 20 pmS 2 1ok Alzg I
€ YA extruder(Postex Haake Fisions, Germany)S
AHg-3led barrel 2%(S1, S2, S3, S4F 120°C, 140°C,
150°C, 150°CE. 3}3L, screw speed® 551pmlE 3}
5552 cast BES A2 7fEAdd AR AR
L2 Az &3 vuslz] 93 FAH A AE
L2 Az YEE T8 20N xS,

Starch/PE EE2| 74N N3

FA= A e twdgt gk AR Az
g HES 1X3em9 sripe® AE F Instron(AGS-
500A, Shimadzu, Japanyg )83l "Ee] A=
(tensile strength), 417 (percent elongation), 9173}eilL]
A (strain energyys A8 I, Instron?] 22HE ¢
& load cell> 50kg, load range¥ 5, speed:= 100
mnv/min®] 2702 3% Instron22 4] A
of BE-E 25°C, 50% F2¥F7|oM 4082F ol
A A FH

Starch/PE 82| Yssls &%
FRIRG oitt W#s) Q4o B9: 7Ag 24 4

Starch/Polyethylene(PE) Z&2| M= B3} 7t Ag A Aoz Azs YEL [X3cm
Table 1. Compeosition of the crosslinked potato starch/polyethylene films
5 Crosslinked starch Y
Type of film Starch type content(g) Prooxidant®(g) Polyethylene(g)

Native/PE Native 50 50 900

0.1 CL/PE 0.1CL 50 50 900

0.5 CL/PE 05CL 50 50 900

1.0 CL/PE 1.0CL 50 50 900

2.0 CL/PE 20CL 50 50 900

UStarch was prepared by reacting with 0 g, 0.1 g, 0.5g, 1.0 g, and 2.0 g epichlorohydrin per 100 g starch, respectively.
DProoxidant contained native starch(10%), unsaturates(8.0%), and transition metal compounds(0.2%) in linear low density

polyethylene.
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9 stripe® AHE ¥ 70°C forced air dry ovendi|A]
12582t dxelsidA viF FLIR(FS 120 HR,
Bruker, Germany)% &4 3#}e] carbonyl index"& -3}
9.

7144 A3 A% W8] d¥e BY: He T
g wpoz day €EE vIF Instond o|-83}ed
AARE, AAE, ARIAE &3] EES] dF
& EAL 24390}, Instron®] 2L €E9] 7
AY AL 2AY Ao} FYU £H02 o

Starch/PE Film2| AESHT £

¥#9] chemical disinfection: T2 7tA} ¥ 9l
WA A Axoew AM2g F4 9ES A
Hog dFAAY & 74 ¥EE 1X3cem®] stipe®
22 F, o]A-& Universal disinfection solution‘™el}
7¥sted 2X17F ot HAIZE o)A S WEdE WS
olgsle 1 L9 WEFFol &4 Al e &
wrsiglcl. o] WEL 95% olkg, 70% oigg, viA|
o2 HFFFedd 944z MNAdde

Pseudomonas aeruginosa®] A% R W% 3o 3
Ao o3 d7Fd YEL P97E nutrient broth7} F
7] Abzt Zepastol W 35°C, 100 pmollA &84t
oAl A vgEe] g Zt dEe HEAEE W
9. ZF, 24407 ik F o] I Eetazme
nutrient broth®] §P =& #Asle WEe] ATNHNE
elst ¥ ZekrHe) P oageruginosa(ATCC 13388)18&
AF3slgct. ol AE 35°C A FIolAM 100 pm e
amlela 4FE4L wioFslslct. &S P aeruginosa
£ AF3A 43 F9T YL AA wiFs M7
g B LR L

FT-IRY] €% B9 A¥= $4: 99 e
2 473 wie ¥ES 47 A Eeleas iy
d75E A4 MY, oA 70% skl 30%-%F
Qb BT} o] YES peridish® £ F 45°C 22
oA Az A=AZH AE2E B W& FTR
spectrum® 24 3}tod carbonyl indexE 24815}

7143 QA ¢ Y] ARA= {4 ik F
e} U w2 AR EE 50% AdEE
ol 40r7HEt FAAIZ] F Instrond o8-8l <l
ARE, AHE, QAAE 33 Insron®] =
AR gEo VA AAE 2AY v FIdH
ZzHow By

R Y $4: wicke] B 9Ee Y E FA}
AA ¥v|7 (Scanning electron microscope, Hitachi S-
4200, Japany& ol-838ted 2,00000 Ahu]gz [AS
At

EAEN
AlgeA] Q& AFE-L SAS program(version 6.12)
& AHgEle A A EEHY.

a2 % g

Starch/PE HE2| 74X M3

FAE 73 AE 9 tEAY A AR Az
g R34 g8e] 7143 EAlo] Table 2] el gl
o} 98L& FAA Fed aT7HE HHEET ¥
& ulEls QAREE JIEAY AR AE2E A
2% YEo] T A HEoz2 A HERG
Egtont 10 CLARSE AEF YEM FeHe
2 71 ot AAEE 10 CLAR-E Alxgt 9
& Algjslar 2F Jtndy ARes Az 4
Fol FAe] ARz AMzg YEEG FojHE ¥
A vepdol €88 i ez =HA Y 87
E d(workyg Yuishe AAAE Ay AR
22 Azxg YFo| FA HEo=2 Axs W
MR fojReg wol AE-E AR H
939 71AA =) pEEE & 4 ek A
3] ATAYrgel] A3 AFEL AR HAH A
29] sle]=F417]2} epichlorohydrinAtelel] whg-o] U
oJupr F7t BAEQ epoxider} BAFIL o]Fe] 1
Al 2 AR sl JtuAgS YA e

Table 2. Mechanical properties of the crosslinked potato starch/polyethylene films

Type of film Tensile strength(MPa) Percent elongation(%) Strain energy(KJ)
Native/PE 10.0479£0.519 20042+ 19.71° 617.2+£120.0°
0.1 CL/PE 12.0733 £0.288" 230.62+32.78* 881.8+140.0°
0.5 CL/PE 10.2821£0.313° 252.95+35.78° 853.8t131.4*
1.0 CL/PE 155144 +0.222° 217.11£20.07% 858.7 £ 86.0°
20CL/PE 12.7795 +0.528* 227.35+21.55° 861.11+116.6°
Means + SEM

Each value is the mean for ten replicates.

**Means with different superscript within the same column are significantly different(p<0.05).
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d¥elol <Jgt ) carbonyl index HH: T E=A}
U39 At3}H AALEZ A ketone, aldehyde 59
carbonyl #HHE-e] BAEEH o]A& FLIR spectrum
of o8] {4A #AY 4 U WM FE9 B
£ A b)) upeR YA EA EAle] ¥
Y o WAHE cabonyl BLES] HIAE A=
X|3#Z}ke] carbonyl index’} A}F AREE L g, B
Ao M= starch/PE film®] At} H=F carbonyl 3}
FEo YA A=z FAsHG. AY Ao, 1259 4
A2}t FAe] Al dEog Alzgt WE9] carbonyl
index W37} A9l ¢l dld, 01 CLAELE A=
& YE2 45 o] FHE carbonyl index’} F71817] A
zhstglen, 0.5 CLAES 20 CLARCR A2g ¥
22 55 o]y By 10 CLAECR A=z ©
E2 65 °)FHH carbonyl index?t Z7}5817) Alz2}ba}
AckFig 1). E3F dAe 127N tndg AL
22 A% YE carbonyl index’} A2 733 A
Bog =8 WEQ carbonyl indexs} of-$ Z z}e]
£ Yoz slady A HEez Az 4§
o] Bxg] zial ARoz A|Fg WFHE} I
o8] oS wW2A AbY By deiPSE BT
u}, ol WEe] ¥-H% prooxidane®] 2422 2}
Zo] YA HI ojFo] 7t HFo] U olawH
271 3o =FA| 9} uhgsle] AbshH RalE &l
A7) dFoleln AztEd). ol $o] dalg] 27)dle
carbonyl index?] Fte) W2 Z713lx] vyl dAE]
Fnlol| F24%] 78l 228 Hol WA A
3ukg-o] A H-g-(chain reaction)2 Yojubi gl&
< 4 7 8ide

Carbonyl index

Time (week)

Fig. 1. Carbonyl index of the crosslinked potato starch/
polyethylene films by heat treatment at 70°C for 12
weeks.

@, Native/PE ; (1,01 CL/PE; &,05CL/PE; V, 1.0
CL/PE ; <, 2.0 CL/PE. Each data point represents the mean
for four replicates.

dEsel A% WF] 714 A H: Il
ol 9E9) 7iAA A9 W= carbonyl index?]
watel Az s T2l A HEes Al
Z3 952 gxgA] IR, A, dF A
E5 115 0|37} Hojof fej3e2 7h4s v, 0.1
CLAR 20 CLARSZ A28 YBL& 55 oF
0.5 CLAEF 10 CLARL 2 AZxg PEL 75 9
F5E 7144 AAEe] FHSE At (p<0.05)
Fx8] At AFew A2y dEEd slaEg 3
2l AR Az o dir) wE s B
ZFojch(Table 3, Table 4, Table 5). =8 233 W&
o] A4 AAELE 155E FAARS sy
ARog A8 PErto)dA F3F 2}e)E eh)
ek, B3] 0.1 CLARLE Az YEL dE¥3 5
FHE F43%) 98 JAA Aot 4= 7FR
HE 48] ¥MA 7144 =g 24 5 ¢ A
=7} sl Bol 71AA BAZLe] viehiA] 42 A3
S (NDYe €8] g™zl ojs} disi=le] o] ¥
M= 1A BARE FAsA E& Aeld. 05
CL¥ 1.0 CLARSZ A3 WEE A8 F 115
FE] 20 CLAELSE A2 YELE 55 289
7Z1AA 7xrl AAE AR g8 seS Ha
g 4 9l

Starch/PE BES| MEs] =54
Ayl ¢ €& carbonyl index W3} P
aeruginosa® &3t 457 wioksl Starch/PE BE-9



1302 A Ea b5z A 32 WA 6 & (2000)

Table 3. Tensile strength of the crosslinked potato starch/polyethylene films by heat treatment at 70°C for 12 weeks

(unit: MPa)
Week Type of film

o Native/PE 0.1 CL/PE 0.5 CL/PE 1.0 CL/PE 2.0 CL/PE
0 <10.280° B12.181° <10.555" A12.701° A12.936°
1 A10.917° A1,123% B9 232b A11.378" A10.908°
2 ©10.202* B11.260% 09 330" A11.976® 5C10,760°
3 A10.496* AB1().349° °8.526° AB10.476° B10.114°
4 °10.104° 510.898" bg 771 A11.760% BC10,555"
5 B9.584° Bg 555° 58 604" A11.015% B8 771°
6 B9.143° <6.066° B3 448° A11.388" Bg 350+
7 £9.692° ND" BCG 8807 ABg 693° c5.782°
8 410.202° ND BC7 410° B8 380° BC7 7428
9 49.369" ND B7.134 B7 664 ND

10 49.496* ND 26,105 56,3414 ND

1 5.606" ND ND ND ND

12 1333 ND ND ND ND

Each value is the mean for four replicates.

Means with different superseript are significantly different(p<0.05). #; Duncan's multiple range test for starch/PE films (row),

**. Duncan's multiple range test for weeks (column)
UND: not determined.

Table 4. Percent elongation of the crosslinked potato starch/polyethylene films by heat treatment at 70°C for 12 weeks

(units: %)
Week . Type of film
Native/PE 0.1 CL/PE 0.5 CL/PE 1.0CL/PE 2.0CL/PE
0 2105 5253.1° A279.8° ©227.4* BC231.7°
1 2197.2° 2186.1° A211.2° £196.0% A184.5™
2 A198.2° A192.6° 2179.9° A210.9% A181.7%
3 4183.6" A192.2° A188.5" A7L6° A199.2°
4 A178.7° 4206.0° 4196.0° A193.1* A168.4°
S 4155.3* 46.8° A184.3° A174.8° B50.0°
6 AB150.07 3.3 B121.1° 4200.7% €15.3°
7 4148.2° ND" 522.1¢ £30.7 816
8 A175.0° ND B7.6° £9.4¢ B6.4°
9 *157.5° ND B4.4° B5.9¢ ND
10 A145.1° ND B3.1° B5.6° ND
11 19.9° ND ND ND ND
12 35 ND ND ND ND

Each value is the mean for four replicates.

Means with different superscript are significantly different(p<0.05). AC: Duncan's multiple range test for starch/PE films (row),

. Duncan's multiple range test for weeks (column)
UND: not determined.

FI-IR  spectrumo] &8t carbony! index& P
aeruginosas AFSA 4 27 4FF v|wdle
2k} T AR HEes Az PEL P
aeruginosa® Fse] vkt BEH P aeruginosa®
AFslA| o wiekst 27 "ENM carbonyl index
o A2l zlel7} WNAA%E, FtRA AL HELE A
z3 YEL 10 CL/PE HEL AYsaiE= P
aeruginosa® %1Este] wF3t BE2] carbonyl index
7} 27 "2 o ¥4 JepdohFig 2). oA
7ty ARz AT Yo v Ee] A=

Fo) 2%t FHo] o] 4-o]dled Starch/PE filme]
A ENE2N cabonyl’]7t o wel AASENUS
E AL ougic). =gt 2FE3HY] carbonyl index
£ vlaspd vIgE] oJ3Fe] wizld HAg] o
& Y39 FEE B & gled, dE2de Atl=x
2R A AEes A2 WF2] carbonyl index
7} FAel A AReR A2 €E2] carbonyl index
B} 2% 22 Jeldch ol wiekEtel Zlady
A APz Az WFNM prooxidants} wioF &
7ol o8 g Abzbge] of wol doiwddE v
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Table 5. Strain energy of the crosslinked potato starch/polyethylene films by heat treatment at 70°C for 12 weeks

(unit: KJ)
Week Type of film
Native/PE 0.1 CL/PE 0.5 CL/PE 1.OCL/PE 2.0CL/PE
0 B661.5* 4973.1° A958.4° 4906.5° 4938.8°
1 4685.0¢ 4666.4° 4655.6° AT17.4% 4637.0°
2 656.6* AB707.6° 5565.5° A813.4% B624.3°
3 A604.7° 4643.9° 4539.0> 4571.3¢ 4641.9°
4 85733 A722.3° 8577.2° A728.1% B564.5°
5 £473,3¢ B142.1° 4531.2% 4618.4° 5166.6°
6 84273 €39 5352.8° A730.1™ €36.3¢
7 #460.6° ND" B51.9¢ 582.3° B4.9¢
8 4586.0° ND B16.7 19.6° B11.8¢
9 4509.6° ND 6.9 8137 ND
10 724 ND B4.9° B10.8° ND
11 34.3° ND ND ND ND
12 25.5° ND ND ND ND

Each value is the mean for four replicates.

Means with different superscript are significantly different(p<0.05). #<; Duncan's multiple range test for starch/PE films (row),

“¢: Duncan's multiple range test for weeks (column)
UND: not determined.

Carbonyl index

O Nativa/PE 1.0 GL/PE 2.0 GLIPE

Fig. 2. Carbonyl index of the crosslinked potato starch/
polyethylene films incubated with Psewdomonas
aeruginosa for 4 weeks.

[, Control ; NN, Incubated with P aeruginosa. Each data
represents the mean for four replicates. * means that the film
incubated with P aeruginosa is significantly different from
the control film at p<0.05.

e ZleR oA Fvlel Alzbge] "HES A4
EHE oS A 28-S FUL Aoz &
AEF. ol2igt A nEALe] Eal7p AEAky o
71e} 8 Bgel] of8f AsEe] doludths Albertsson
e Basly dAFl= Aol

AEAed A €E) 7148 AR fs): gEsel
28 "Wg2] 7|4 AA W3le FTHIR spectrumel] 9
g carbonyl index®] W2l UdXFASH. F FA= 3
2} Aroe ANzZ YEL P geruginosad 3 Fsle
wjoFst 9E 2 "9E9) 71AA B4 Aleld A
9} zlol7t ¢l WhH slwdd A AR Az
YEAAM = NRE P aeruginosas A FEst wiokgt
HEo] vxF HEo) vis] A 2E 74N HAE

o] A8l ql}(Fig. 3, Fig. 4, Fig. 5). €3] 0.1 CcLA
23 1.0 cLAR e g A35 "EME P aeruginosa
£ A3t "Eo] dazdel vld AAE, AAA
7} 2A ot "HEe] ARyl $is] delwdsg
RoyF2chFig. 4, Fig. 5). A¥e]l 23 FFM A
234 7AA AErl Fase L 1IxHLR 7]
A el E3E A Eo] v|gE] ofd R
o Fole}, mebA B Ao sluAdy MEo=
Az= "o AL} o mE2A ot AL Ftm
A7 ARl Fxe] AR AREY P aeruginosa
o] FHo) = "lztsled "ol o 47 AEH=HUG
+ AL ouid. g gE0 ARIA=E FHI)
A iR e oY) AHEL 2E, 5 79
walrl Ay dAs M 1d-10de] 285=d B
HE® B Aol A ARE-EF pure culture HPHE YA
g =AM D77 e] HEe] AR =R EAY
e AL BT

Aol U €§e Ydy Y BM: P
aeruginosaS 218 BER P geruginosad A2 31A]
% FE Yelg FAPIA #u|AL ol 43l FH
AslgchFig. 6). HE=F BFArIME 2719 48
Hellol] wis)] Ae] wspr} gdsdlert P oaeruginosa® A
Fsle] okt EEelMe vlAES AN A
AEle E4e] 2408 HE xis} YEo] s
& B 9 e whebA oleg dRe] Rt ¥
ol 9844S HsAA ZF g5729 59 ¥ 7]
A BAe] 4E dox Aez AlEHArh
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Notive/PE 0.1 APE 0.8 OLAPE

Film type

Fig. 3. Tensile strength of the crosslinked potato starch/
polyethylene films incubated with Pseudomonas
aeruginosa for 4 weeks.

1, Control ; , Incubated with P. aeruginosa. Each data
represents the mean for four replicates.
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Nativo/PE

Fig, 4. Percent elongation of the crosslinked potato starch/
polyethylene films incubated with Pseudomonas
aeruginosa for 4 weeks.

O, Control ; N, Incubated with P. aeruginosa. Each data
represents the mean for four replicates. * means that the film
incubated with P aeruginosa is significantly different from
the control film at p<0.05.
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Fig. 5. Strain energy of the crosslinked potato starch/
polyethylene films incubated with Pseudomonas
aeruginosa for 4 weeks.

[, Control ; N, Incubated with P aeruginosa. Each data
represents the mean for four replicates. * means that the film
incubated with P. aeruginosa is significantly different from
the control film at p<0.05.

2 o

0.1, 0.5, 1.0, 2.0% epichlorohydrin®& 7} A7
A MBS 742} 5% H7V8F polyethylene cast HE-2

Fig. 6. Scanning electron micrograph(x2,000) of the
crosslinked potato starch/polyethylene films incubated
with Pseudomonas aeruginosa for 4 weeks. A, Control ; B,
Incubated with P aeruginosa.

Azsle] o)Be] 714AH A 9 dEH B4, AEH
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Al A Aoz ANxg BFRG APAE, AR
£, dAANAA 257} o BA vieht 98] 71AH
=7} FAEREE 4 4 I FEIRF Instron
2 2A% g d¥d SN sluAd AR
Mgz Azt dgo] FAE A HEo= A
g gERc w2 d¥sge] ISR =3 Y
9 AR BAME Ay AR AEeE A
28 PEo| FAHE xR HELE A2y dEFEG
AR A=t o Held AR vehgd

A2l =

2 97e $UTS) $YSYATA Ages &
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