Food Engineering Progress.
Vol. 2, No. 1, pp. 68~74 (1998)

HHEIZEZI0| ODIE 2ASEAZ ME aEe S &Y He

49l

- 1% - 74A

P EH LAY

Comparison of Physical Properties of Starch Based
Extruded Loose-Fill with Different Mixing Formulas
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Abstract

In order to develop a biodegradable loose-fill, the mixtures of corn starch, foaming agents, lubricant and plas-
ticizer with different mixing formulas were extruded in the presence of a total moisture content of 23% or
less by weight using a laboratory scale corotating twin-screw extruder (D=44 mm, [/D=12) at 200°C. Result-
ed extruded foam was examined in terms of expansion ratio, apparent density, water absorption index, water
solubility index, compressibility, and resiliency. The extrudate as a biodegradable cushioning material had a
uniform closed cell structure with the expansion ratio of more than 1.7, the apparent density of less than 90

kg/m’, the water absorption index of from 10 to 1

5, the water solubility index of from 26 to 34, the resiliency

of at least 66% and the compressibility of from 1200 1o 2400 g/cm’. Experimental results showed that the ex-
trudate of starch mixture with foaming agents and lubricant conferred better compressibility and resiliency
than that of pure com starch. However, since its compressibility and resiliency were significantly affected by
the relative humidity of environments, further investigations including compositional changes of starch mix-
ture, control of extrusion process variables, configuration of dic opening, different screw configuration, resis-
tance of expanded starch product to moisture, etc. should be carried out to improve its physical properties.

Key words: biodegradable packing material, starch based loose-fill, extrusion foaming
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Z 5 DHErh(Lacourse and Altieri, 1989: Bhatnagar
and Hanna, 1996). 3 A& o| &5 BEAF9 4
3o olu] Bag vle} o] HE-3} ethylene-co-acryl-
ic acid (EAA) £3E-2 ammonium hydroxide$} urea
SN FBARRREA AIBES} S0
HES H4FY 4 921921 (Otey and Westhoff, 1979),
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E7) % 5} tHOtey and Westhoff, 1982). 3+ &7}
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Table 1. Proximate composition (%) of corn starch mixtures

At} H A2 A}8-3) sodium carbonate$} citric acid
£ Showa Chemical Co.2] #|&o]1L, 7}AA &2 A&-3
glycerol& GMGE(F)e] AEE, F3kAZ AMEE
Tween 802 Junsei Chemical Co.2] Al &-& AF&-8tx).

HEfgt=A

AEAol e 4EEE dna F98Y &
Adel A7 ZA 2%] Na,CO; (1 AR $37]
)7} sodium carbonateo] thal 2/3 mole B]-&Z citric
acidE 718t} a2, {31419 Tween 802 1~2%, 7}
Al glycerol & 2~3% A 7v8lg]th(Table 1). Sodium
carbonate$} citric acide 244 E a2 &Fsld o
1}, Tween 803} glycerol® 7}zl 500 mLe] ZF50l
SMAA 3 Fel R et 5S0kg BF] &
U E "lAe} 20 kg £ V UM E ol &slo] Yt
o] AEY n2A EFHES 93, 3] 1
H AE= 0.1 mme] Ny/PE HE T Hol o
A A 14 4417 F HE SEREE S

the a4 B,
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B A8 ALE-3 94E7]= Biex-DNDL lab. scale
corotating, intermeshing screw e twin-screw ex-
truder (Bithler Brothers Co., Swiss)o|t}. L/D ratio 12,
screw 2173 44 mm, die hole 2|7 2.85 mmo|n, Y&
FUAA = BEYEE AT &2 FAAAQ K-
Tron hopperE AL} $4 2 screw 3| A &5, 9
B5U, 7IrE, 4EL2 5 2 M3, screw torque &
& Ao ® u 10&vitt &4 7] 23 control unit
7F AR Ee] glen, £3" A8 E o] &t 7|AA
A7 ARE(SMEYE A&3lw Tz Jepd 4
e Zzagel ygd AREH g8l 7SHU,
Screw 232 conveying element (lead 1.5D, 66R)x% 3,
conveying element (lead 1.0D, 44R)x |, polygon L
(length: 20 mm), conveying element (lead 1.0D, 44R)x
3, reverse element (lead 1.0D, 44/3L)x 2, conveying
element (lead 1.0D, 44/3R)x 2, conveying element
(lead 0.75D, 33R)x 29} top2] A2 ZH3Hc}. 7

Mixture type Corn starch (dry basis) Moisture  (wet basis) Na,CO;  Citric acid Tween 80 Glycerol
Starch 100 11.0 - - -

Blend 1 100 12.9 2 2.6 1 -
Blend 2 100 12.8 1 13 1 2
Blend 3 100 14.3 1 1.3 2 3
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2 Y48EYEEE 50 kghr2 318i0h
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Fig. 1. Typical stress relaxation curve of starch mix-
ture extrudates.
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Table 2. Expansion ratio and water related properties of starch mixture extrudates

Extrudate Water content Expansion Apparent density WAI WSI
sample (%) ratio (kg/m®) (%, db)
Starch 20 1.71 89.1 10.4 34
Blend 1 20 2.18 65.3 149 32
Blend 2 20 4.62 355 12.4 26
Blend 3 19 4.54 36.4 13.0 26
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Fig. 2. Effect of water content on expansion ratio and
apparent density of Blend 1 extrudates. ®—@: Expan-
sion ratio, O——C: Apparent density
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Fig. 3. Effect of water content on WAI and WSI of
Blend 1 extrudates. @—@: WAL, O-——0: WSI
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Table 3. Compressibility and resiliency of starch mix-

ture extrudates aged at 20°C, 40% RH and 55% RH
for 3 days

Aging Extrudate Moisture Compressibility Resiliency
condition sample content (%)  (g/om’) (%)

Starch 13 2414 833

20°C Blend 1 12 1721 83.8
40% RH Biend 2 12 N.D.* -
Biend 3 13 N.D. -

Starch 27 2028 66.3

20°C Blend 1 28 1190 68.8
55% RH Blend 2 21 N.D. -
Blend 3 22 N.D. -

*N.D.: not determined
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22§ AEE o83t dEAYE 1A B
A ZHgko] 60~65%%] A} vimslo] - A3
dE FEFEC ¥ ¢4 ¢ e S A=t & F
Atk Evh, Y &4 AP Zd3lA] Warner-
Lambert A7} 7125 Novon-N2002 #|&(Lay et al,
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Fig. 4. Effect of water content on compressibility and
resiliency of Blend 1 extrudates. Closed symbols: 40%,
RH, open sysmbols: 55% RH, ®—@, O—O: Compressi-
bility, l-—M, CH{3: Resiliency
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Table 4. Changes in expansion ratio of starch mixture
extrudates by aging at 20°C, 95% RH for 10 days

Extrudate = Water content

Before aging  After aging

sample (%)
Starch 20 1.71 0.93
Blend 1 18 208 0.98
19 2.06 1.00
20 2.18 1.18
21 2.19 1.25
23 2.15 1.34
Blend 2 20 4.62 2.69
Blend 3 19 4.54 2.66
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