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Abstract

The rheological properties of corn starch melts were studied in the presence of additives (gluten and
agar) by large and small-strain tests. Starch melts were prepared by using a special compression molding
device at high pressure (150 psi) and high temperature (165°C). The effect of the relative humidity (RH)
on the rheological properties of starch melts was also evaluated. In large-strain tests, starch melts with
gluten and agar showed lower values of critical strain, critical stress and toughness than pure starch
melts. The critical stress and toughness of pure starch melts increased with increasing RH, while those
of starch melts including additives decreased. These resuits imply that additives in starch melts have
higher water absorbance than starch, resulting in softening the networks. Gluten showed higher water
absorbance than agar. In small-strain test, starch melts showed higher frequency dependence than styro-
foam. At all RH, starch melts showed higher values of complex modulus (G*) and more stress relax-
ation than styrofoam. In particular, starch melts with agar showed higher values of G* than starch melts
with gluten at 85% RH. As a result, starch melts could be used as bio-degradable solid packaging mate-

rials by adding proper additives.

Key words: starch melit, gluten, agar, bio-defradable packaging

M B

AaA E928 EAAER ¥ FiEd
(ZEZF)E 1960t w9 the ArZ(Dow
Chemical Co.)ollA] A& MBI F ole] 943 7]
AF BT &34, e AEEHA kA, A
Feo] gol¥a e JHHOE Q3 AFe dE
AR de] AREZ itk zey H2 g0 o

34 FelaE TARA 7 2AFQEF0NA Bl E A
2 TA| ¥ H7E FolM A Fe H|Fo] &
ojzte] e} A L@l Fa AeE FH

Corresponding author: JaeYong Shim, Dept. of Food Science
and Technology, Hankyong National University, 67 Sukjong-
dong, Ansung city, Kyonggi-do, 456-749, Republic of Korea.
Phone: +82-31-670-5158, Fax: +82-31-670-5015

E-mail: jyshim@hnu hankyong.ac.kr

102

ol& diA3l7] A8t o 7HA] AR 28R
g ol &% A ge] B AL AT
(Lenz, 1993; Bhatnagar®} Hanna, 1996; Petersen
et al., 1999),

HEAR] ] BEEAM JEE ol8% XA o
T7F gl o|RA3 el ol AEe e v}
A¥ AAAY 2|3 AESA o) Eo]h(Blanshard,
1987). ARt AE-E o83t WHE YEAG EY
AEL 71413 EAlo] vy Eo oFgt gyg 7}
A e kgt E2ld A, A7 AR, 71413
B3 pEAEEo] 253 oy 7iK] §A aEA}
sfe] -8 WIRH(Griffin, 1994; Averous ef al., 2000)
9 FtEel & oE 2EY A HWang et al,
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2o FREF1S~0%E ETHW AL T,
el w2 7AA WS FUL o Uiy
(thermoplastic) B2 2 HFETL ol YA ¥
< FEEFC01%PIM 258 FAFAE o AR
o] I3lEE HAYIe thE FHOR T - g
o8 AEAAY] A (crystallin) 727+ A 33
o] Ao SFEmel)E WHalEr ol§ o
7t AER Heje AR §8E8S 4EVE o8
o dEAFIAY G E B3 AEETFE
Edolv XY ZAAEE A ¢ U 2
B9 kA AR EFARS olgdl tiE Be
Azt ol i) ol go| FAYFRIT 9
e g7t AR dEAAPAA loosefiller S
T84 &5 38 XA MHong e al., 1998)E A}
&3A high amylose AE-& & AH¥3d ¥4
£ 9FAE AMSEhe(Alter, 1992) 59 ATFE]
Ak olFA THER AR TEE A B
X ZelElA(ZEIRE) HEEoR AME = AUt

Ao WA 9L & F Ue H/HEO| Bl
vl 1 5 74aA (plasticizerys YRMH R IE
Al #9488 ATl Qe &0 (Kester, 1989)
tBA 28 &, glycerol, sorbitol, sucrose, propylene
glycol®} polyethylene glycol# 2+ polyol 5o Al
S5 AckEA A2 wEA, 1989). ol g @
T2 QUM AE AlRA] FEMAEE HUMEHSY
7137 B4 FYANIIAL =88 U A (van
Soest er al., 1994) 31EA FejE e &F A
¥ glycols, urea® 715l 71A14 J2A& 4
A7 W (Shogren, 1992) Eol B3 Eo} it}

A7 EA SFde] AE Falo) A 4
2 FRdoz s Hde e Eo] A4
24 53 xr) 2/ gy WEst 3ad
the 977 A e tk(Eliasson, 1983) °)+ FE-2
Stego] Bl BAdEY] rtEAlelwr #-83, ¢
B gl i g agtelA AAEE HE melt
of g A vuE dAelrt E=F kA 2
UE A7HEEC] 5 HEE 88 ¥ BEF &
HEAR B Wil ojH§ F%E vt
gl AFE olFoA UA g} WEL oldE=
o} ojd 2 HEl Fgo] FA TERSkS] L-FuiF
Al EAOl 9%g e A3t ANTManit
Bhattacharya, 1998) A]ZFe] Aol uwie} mglel] €]
T AFAsE B4 WHIlE goid 4 Uthvan
Soest} Vliegenthart, 1997). ©]2i3t A7k Wi &

4 Wy oo e B4 ok FAE ¥
88 = 4 ¥4 Edole] AL $x ¥ A
HE Mg 4 7] gEol ole) WUxE A% A
7 Eag dAFelr},

B dfoMe S5 28-S 4S7Hdsd Izt
a4 282 HEE we § JhE o AYEe
o] 7hA] FHEEA EAS texwure-analyzerE ©]&
slo] £ WA doju= B4 B9} theometerE
o] g&ted mlA] WA dojibe BA WEE 23
vlaat 28l F7hEM F599) agare] o
ol el e Areich. EE 8§ AR AYE
o] 2E|ZE WA ZEM S s HAEI] 93
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£ dYe] A &5 HEL2 Cerestar(USA)
oAl et ANl e WE JFe FREH
£ 9%HTE. HIMAMEAM AMGE agarsl FFEL
Sigma Chemical*H(St. Louis, USA)NA 7319
B 7taAE FYPAEL ol &siurt

WE Uy

tEE7|

28 A8 4& AYE(starch meltyS E|ojg
HF mold MZE 9% A¥ARE sl A
3 A2t BFE WH(ASTM Designation D1928-96)
& olg&ld TERT. A¥AXNE IA F RES
2 Yol gFuF BA9 ol&8 IAHAIE=
AR E o]Fo)A Q). ¢grt FEEHA e ¥
B FA7 82mm 98 E2F3FA 30mmE
TAHNE 4FuFE BHE EFvE 3YE 7
A 5 713 7HEA] AR oleg Tt A% ¢
& 98 9% F Alelol]l ZFE ©EF O-ring
£ 719 ¥3c) ARE 4FvE B4 9% ¥
Alelel] oz gl BES UER 743K
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ARAE B3 AL 111 HEE Frtst
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7heled E31F EREUT AIRE 1587 H29)
WAsle s TR F 4E AR FA
o 2A ¥ W& §F IAYXE o83l A4
Ao 4 YN E fFYeE AFEHe 47
(Loomis Engineering and Manufacturing Co.,
Caldwell, NJ, USA) Alole] W3l 500 psi®l 4&&
7H § 165°CE 6087 7HEsiiTt. 718 & A%
FAE ice bathollX T F THEAT &8 A
B AYES HY AR =A2YA Eelatit
o] ABES 3} d&do] HZ FEE 75%%
85%<] dessicatorol] 3Y7t H@sle] HEFHE o] FA
o F olge] BAE FAA

QIE 8 &Y

S8 AE A¥E AFEAL AW BY FF
& 93t ASTM Standard® 9F7F W s 37
EA47|(TA-XT2 Texture Analyzer)& ARS8l %34
B3ATE 75% 85%] AHiERlM HEE &
zhzbe]l A|RE-E FYAME FHEj(40 mmxI0 mm)E
AEE £ 2o 1mmA e FL o] FHF
A&7 FoolA Aet EE #37} o]FjAA 3}
drt. ®A A8l AEg FAHE micrometerg ©)
£33t A A7 BA7) B IAFA
Atolell ZHAo] 25 mm7t HEF IAHAHTH AES
JAe HE02mmvs)E T E 7R AFA7IH
A AT (strain)el] ©WHE A|Ee] A ¥ (tensile
stress)H3HE 23 t) Swain®] Al F7FPHA
o AlHA AlE7F B sEd o] A1 strain
£ YA MBI (critical strain), stressE YA 2-F
(critical stress)°]2t 3F2 ZEfEe] WAL k] A
89 rtougnesszt Tt} Straind} stresst= U 7
o] Ao Hr},

Strain = (L-LoY/L )
o714 L 1Al Al&S] Ze] (mm)
Ly AlEel 27 Zo] (mm)

Stress = 28 YN EY SFHHmmY)  (2)

5 HEW FY

B8 A8 9¥ES] 5 Hed(dynamic viscoelasticity)
£ Bohlin VOR Rheometer(Bohlin Instruments Ing,
Cranbury, NI, USA)9] solid fixture system2 ©|-§
3l Z2A3HY. AEE A4S e (30 mmx
10mm)E 2F& § AlEe] Z8g FHE micrometer

& o]83le] &AL rheometer?] solid fixture
attachment®] 1R AT F 2Y Alele] 7HAL
20mmE YASA FAIEHEA 9032 g-cm®] torsion
barg AME-3te] FEor EA ST HA AR
Ay A 492 AAE7] 98] strain sweep®
LHzol A 0.0017~1.7¢] strain ¥ 910l F33}qc}.
zk Aol MEEE d9o TEEE AP E0.08)
£ o8&t AlEe] EEehd E(complex modulus,
G*& 001~10Hz ¥ SIHolA frequency sweep®ll
ol8] &3yt vixEe® 0089 HHES &
3o} 5000% E9t stress-relaxation testE 4lA)&od
Ao A7l g S FAE A 4 24
Az 28] WHE EHAghe] HaEge s FAEAC

w4 s
B8 TE g¥Ee| Il

Fig. 1& S5 AR o2 g7 4F A3 E
I 10%9} 25%2] HIEE HA7HA(EFFY, aganE 3
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Fig. 1. Tensile stress-strain curves of starch melts
incloding gluten and agar at RH 75%(a) and RH
85%(b).
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718l WrE & A¥ES e AU FE(05%,
85%)°4 B@ Az g F AFdYel] o deof
A 2HZZ strain®] WBo] WE AF9Q tensile
stress *H3E HAFT U} HITAIBEAM styrofoam
T AME-EHT.

BE ANEe ¥¥e] Z7ig wel A8l
Z718he S Holed AE AES Addxd
et F7tsRe el AAA e eS8 5
o} ¥iyo] F7FeHA ol A o2 AR
7t @ EEw o] Alde] MBI} critical strain®]
3 stress7} critical stress©]th, 12} e] WHE o]
£33 A5 toughnessE R

7} X 89] critical strain, critical stress, rupture
energy ¥ elastic modulus Table 19 #p4|3] Lye}
Ehel=

A HEz &Y

H7H £ AdigEed e HE s
AEAHYES YAEYE =] WMEE Table 19 e}t
Witk 75% RHOIA 10% agars ¥33 A8E
Ajs BE A/ME TR AR YA H¥E
7t BE AUgEdM ARAEHRY @@ FAE
B=Y agarE XS AEVF SRS TS A
BRT & YANHYCE vy & AAE §
3 Alg7 ARAEET ol ™ol sl
v AL & F Ul ZF A8 g R 9
e BE AuiFert S7Heel we}t dAEEEST
Algel weh 9.1~53% X ZAEHed 10%2
agarE X% AE7}F -528%% 7MY & FAE R
A HAEAIR7} 9.1%2 7P 2 448 BHY
o}, AdiEErt &bt ulel AzpAe]l gae] =
ol wE YAHY T iUt ENES & F
Rk AT ol T AAMYEe] Wil 2
A=A o} FFEolt agare] H W £85HE A

B 9% W¥xde 2ARH YL vNA @
+& ¥ 7 AUk o1&} YAV vIwER
Al 2El2F e YAHBEE VIR W [k}
A 28 F718 @& BTk

A 8% &%

75%2] FuigEor AAEE Algel A A7)
AE TR AR JEAEY YALEG. 78R
7 FUbeAV AT YAISEH(5.70~750)8 B
Rt 85%2] FEEE A H3Pe Fe 3
Mg TRE AlEe YASES 3.01~6688 &
F AE A8 dALH 11588 dH3] Fe
AAE HoF3 ck(Table 1. )+ L AF
R(85% A7 A} gt Eo] 47 F43) 7}
Hol FE o] AR WM Az 2e-s
sle] A9 Arrl A AALEo| HolHg
juigict, M7l el wE YA-gHe Wi}
E 3y Ao E RE ASEAA HrHEe
o] oldrE YA w1l B F 3
vH olv H7HEe] F#o] ol weEl £Ee
E57t Botd 23e] A3E /AL 4 e
o 34 44 v & 724E B9} Eliasson
(1983)0f] wEW FFH &4 A Wi 334F
oA gejARe] o olFe] dojutiy BRI
t}, olg} AR E A& FFE EF melol A
HFrg Be) Jder FRog ojFsl 28
| e A3lE 7Ae AE-TERD ddHes
oFslA A How HEFZe ALHHHo| oA
AAEHo] WolH-g Aeoltt o] e A= FF
de] FrhAl Bt @ QAMEYEEE 71 Aol
g AgErt 7kl e g AR o
Aol HEE B S AE AEY B9 A
FE 85%A HAeE 4 dAL—Egkel 75%]
gz Hxeld ARG o 100% F718

Table 1. Critical strain, stress and toughness of starch melts and starch melts with different % of additives at 75% and

85% RH
.. . . 2 Toughness
Critical Strain Critical Stress (N/mm?) (Area (gN/mmz)]
75% RH 85% RH 75% RH 85% RH 75% RH 85% RH

Regular starch 011 0.10 578 11.58 051 0.77

Regular starch + 10% gluten 0,10 0.05 7.50 6.68 0.50 0.31
Regular starch + 25% gluten 0.06 0.033 5.71 3.01 025 0.06
Regular starch + 10% agar 0,18 0.085 6.09 5.62 0.63 0.35
Regular starch + 25% agar 0.10 0.06 570 5.68 043 028
Styrofoam 0.05 0.05 5.88 5.88 023 0.23
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v A#E B vHR] H7EE T8 AR
58 AAE ANE=rt S7He Wt o 10%~
47% 7V JAEHol ATt 2 F 25%4 2
FRIE e A8 7P & HAEUT3%)E B
th. JiEErt S7He) wEr o5 AR Mg <
A7t e & AEE € AYe AR A4
FE A FEE F5P) et HE chaing At
ool zipfdo] FEA Uoju} HE elastic strand
2 ¥4 homogeneousd TFEE W] WlEY A
o8 FZ24r). oH# Ade FEE TREFSE
M ARAEESY GEAE7T AL Hong ef
al(1998)2] A7dzeh= ThE FdQH HEAHHE
of ool gt Maea el et AgHFHe] o
23 AHE JAAE ddgert E7 gEd A
oity, AZHAE T/ A5 A¢ H7HE o8
FE F58o] FrtEe] dgle Y] o
Z9} A&7 H7HAIZke] incompatibilitys] jst A
2 A i Aol AL For F&
et 282 2ERES FE WE AFEEY
W7 Aol gllen tE AR Hs] iRHe
2 ue JAEEE 7R AT 2 BEE HE
g o83 UFAHPELS AT Had FEF
JFeHEE 7RI ARE ¢ F el oe F5

7h @ A uE FREde ¢ ¢ Aok

Toughness &%

qAHez H/MES /T A8 toughness
£ AE AEY toughness® Ul @& AAE HAT
(Table 1). 7Kg #FE ANEE FES F57F
Wolx] A3t H/E 23 AEZAZe) A
749} heterogeneousdt & W&ol #AF FRE
712 ABAIg Hlg) AR Hyo] Pag oz
7t A Ee] o] 18] A& toughness?t FA3
& F&8 4 Aok IR A8 79 toughness
© AdgErt F71ee) wet 24 IRk 2
263} agard H7EIAE W doigErt SR
of we}l F23] toughness?t A4S & F AN
th B3] 85%9] =R A8 25%] FF
He i3 AR dart 76%E 7 Zvh E=d
FRE AR A8 agarE HUISE AlRECE R
€ toughness& EH ol FFHY FEETY
o] agarit} #A H7HA 23 o & dsE 7}
AES & At AT TR 2E
2E9] roughnesst= ol Ad#glol 0239 7k
& BYEd ol ABAREY foHog e g

o2 HUHAE AGE A7rge AN el Es
&g 8o TS TE 7 UL )

Ao & AdE S B8 Arvkle AR 45
AEEL] PR A o JAAE Fh
AlA oughnessE FAATIBE HAEWO R vHE]
A brittledt 722 Y& HJYES F U] KA
HEo] FoBM A oR diAAQl 2EZE
Hl=3 B S JHAA ' 4

Strain sweep &%

Fig. 2& 4R FFE(75%9 85%)1A HA
8 AR H¥Ye] Z71Y o EFEHEGHO
o|BA WEsi=Ag BeFa Q. W¥e] Fv}
Folle Bl RE A8 6wl A o 7
2% B 24 PasR FEE B 5 ded oe
B AgeAM AR HEze HelE BF HEH
€FA (linear viscoelastic) 799 ¥ g0} o8 &
T UMY AlRS] FHo WE G*¢] A& Hw
3 BW RE A9 Gwl 2E|RE9] GrHTl &
#e R e ol AdlEnst e S
tE & AolE Bk £ AUgErt ol
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Fig. 2. Strain sweep tests for starch melts including gluten
and agar at RH 75%(a) and RH 85%(b).
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Fig. 3. Frequency sweep tests for starch melts including
gluten and agar at RH 75%(s) and RH 85% ().
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Fig. 4. Stress relaxation tests for starch melts including
giuten and agar at RH 75%(a) and RH 85%(}).
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Stress relaxation &%
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Bl stress relaxation F8-& 7+ AIE¥E 3 Fig.
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AAl GA HHEY BA] = AHR|7} Fo}
22 oughnessE 7HE ¢ 4 Atk EI AAE
AigEe] F712 AF R F7kl & e
= o A8 AR A4 YASH A toughnesse
aA FrrtRoey HArHAE R A8 Ay
FEF) wE YA toughnesse A Ta
815ith. Small strain 2] A$ HEAE 9 7}
AE T B Ay SEHEE ABEY 5
G*3} Fohpel] o]3F ool AL Akl whE
Z9] 0] Rl & & AU 7 agarE
R AlEs FFRHE FRT AEEY 52 G
e HAth

AEE °]%3}"4 AEAY A EZANE e
2E|2 &S g El] HalMe dEY siff & 7=
& 31%‘?1’ ANAE Hrbste FAAI7|L E5H
£4YEEY TXE ZHEEHR Fol FY
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S ¥ F UM Yo FEUEEEY AT
g sl 7xo HE&2AH A dA4E
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