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Abstract

Potato starches were hydroxypropylated with 2.5, 5.0, 7.5, and 10.0% propylene oxide(PQO) to improve
mechanical properties of starch—polyethylene film. Starch—-polyethylene cast films were prepared that
contained 5% or 10% of the hydroxypropylated potato starch. Mechanical properties of these films
were measured and compared to those of the films containing native potato starch. DS(degree of
substitution) increased proportionally as propylene oxide concentration increased. Relative crystallinity
in X-ray diffraction patterns was decreased and starch granule observed by scanning electron micro-
scopy was destroyed by severe hydroxypropylation. In color properties of films, b value was not
significantly different in the films but 5% starch—polyethylene films with 2.5 PO starch showed the
lowest L and a value. Tensile strength and strain energy of the films except the film containing 10.0
PO starch were higher than those of the containing native starch.
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Table 1. Composition of hydroxypropylated potato starch-polyethylene films

Type of film Concentration of propylene Hydroxypropylated starch Prooxidant® Polyethylene
oxide(PO)(%%) content(g) (g) (g)
5%-Native/PE 0 50 50 900
10%-Native/PE 0 100 50 850
5%-2.5 PO/PE 25 50 50 900
10%-2.5 PO/PE 25 100 50 850
5%-5.0 PO/PE 5.0 50 50 900
10%-5.0 PO/PE 5.0 100 50 850
5%-75 PO/PE 75 50 50 900
10%-7.5 PO/PE 75 100 50 850
5%-10.0 PO/PE 10.0 50 50 900
10%-10.0 PO/PE 10.0 100 50 850

YProoxidant contained native starch(10%), unsaturates(8.0%),

density polyethylene.

and transition metal compounds(0.29) in linear low
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Table 2. Determination of hydroxypropyl group and
degree of substitution in hydroxypropylated
potato starches

Propylene oxide H.PY

Type of Ds?
starch concentration(%) (%)
Native 0 ND? ND
25 PO 25 1.8105 0.0516
50 PO 5.0 32615  0.0951
75 PO 75 . 6.0422 0.1797
10.0 PO 10.0 12.4828  0.3985

PP hydroxypropyl group
ps: degree of substitution
ND: Not determined
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Fig. 1. X-ray diffraction patterns of hydroxypropylated
potato starches.
A, Native; B, 25 PO; C, 5.0 PO; D, 75 PO; E, 100
PO
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Table 3. Relative crystallinity of hydroxypropylated
potato starches

Type of starch

Property ;
Native 2.5 PO 50 PO 75 PO 100 PO

Crystallinity(96)

(Ac/AC” + Az} 3959 3667 3430 3290 3279

Yac: crystalline area
Dp o i
Aa: amoiphouys area

Fig. 2. Scanning electron micrographs(x700) of hydro-
xypropylated potato starches.
A, Native; B, 25 PO; C, 50 PO; D, 75 PO; E, 10.0
PO
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Table 4. Color properties of hydroxypropylated potato
starch(5%)-polyethylene films

Type of film L a b

5%-Native/PE ~ 24.12+2.13 0.27+1.29" -2.95+1.32
5%-25 PO/PE  20.17£064% -1.35+0.88" -252+0.98
5%-50 PO/PE  21.24%1047 -052+0.46° -2.39+1.01
5%-75 PO/PE  20.08+0.35% -0.44+1.03% -3.47+0.68
5%-10.0 PO/PE 22.6410.49° -0.36+0.53% -2.30+0.66

Means *SEM
Each value is a mean for ten replicates.

2dMeans with different superscript within the same column
are significantly different(p<0.05).

Table 5. Color properties of hydroxypropylated potato
starch(10%)-polyethylene films

Type of film L a b

109%-Native/PE ~ 27.02+058° -0.28+1.30° —267+1.32
10%-25 PO/PE  24.85+113° -155%099° -1.76+052
10%-50 PO/PE  2889+0.13° -0.92+1.01° -242+157
10%-75 PO/PE  2801+1.21° 036*146° -237+1.20
10%-10.0 PO/PE 2587£1.09" -0.60+£049™ -1.78+0.27

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

“"“Means with different superscript within the same column
are significantly different(p<0.05).
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Table 6. Mechanical properties of hydroxypropylated potato starch(5%)-polyethylene films

Percent elongation(%) Strain energy(kgr -+ mm)

Type of film Tensile Strength(kgf/mmz)
5%-Native/PE 1.0253+0.04°
5%-2.5 PO/PE 1.538510.06
5%-5.0 PO/PE 1.3988+0.07°
5%-75 PO/PE 1.4995%0.04°

5%-10.0 PO/PE 1.1082£0.02°

2004241971 6208+ 833
235.37+23.85 107,53+ 13.38"
259 .81 +26.83° 110.59+ 14.48"
200.70+23.88° 83.63+t12.52°
121.78+14.19" 37.12+ 554°

Means *SEM
Each value is a mean for ten replicates.

2Means with different superscript within the same column are significantly different(p<0.05).

Table 7. Mechanical properties of hydroxypropylated potato starch(10%)-polyethylene films

Type of film

Tensile strength(kgy/mm?)

Percent elongation(%) Strain energy (kg - mm)

10%-Native/PE 1.0061 £0.05°
10%-2.5 PO/PE 1.2358+0.04°
10%-5.0 PO/PE 1.1671+0.05°
10%-7.5 PO/PE 1.4583+0.06°
10%-10.0 PO/PE 0.9631+0.05°

17573+ 15.99° 5220+ 5.38
157.63+14.30° 5553+ 6.90°
160.24+22 47 53.89%10.01°
169.60+ 9.17 71.28% 6.72"
96,16+ 8.78° 2430+ 3.40°

Means £ SEM
Each value is a mean for ten replicates.

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