CHAPTER 4

RESULTS AND DISCUSSION

Fifect © arch Content on Mechanical Hrope pE

The tensile strengiiand Swak of LDPE, starch-LDPE and
iron stearate-starch-LDPE [lgas-are sh idablc 4.1.
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N/mm dhd elongation at break was 619%. The
ofutarch—LDPEﬁlmsmpluﬂadasafuncuunnfsmmhmmentmﬁgum4.1.
Tensile strength and elongation at break decrease with increasing starch content.
The iron stearate did not affect the mechanical properties. Tensile properties of
starch-LDPE and iron stearate-starch-LDPE films were almost the same at the
same starch content.
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Figure 4.1 Effect of cassava starch content on tensile strength and
elongation at break of starch-LDPE films



The Cassava starch affects tensile strength of the composite LDPE films
according to their moisture absorbing characteristics and interfacial bonding
(Thomas, 1987). The cassava starch can easily absorb moisture in atmosphere.
When heat is applied during processing, the water in starch evaporates and
causes air bubbles to form within the plastic mixture when it is cooled. The air
bubbles decreased the tensile strength of the films. The combination between
starch and plastic was only a dlsparsmn of starch granules in the polyethylene

matrix. Therefore the adhesion, £ f starch and plastic polymer was not
strong, and was broken e n o for as applied. The effect of filler to
matrix bonding may be mese. Easil : referring to stress whitening,

; .
which occurs when a te Al a particular stress for the

composite, the matrix & i ‘ 1 \ face, causing minute voids that
: . | tween components, called the
1 i content of starch particles will
cause more voids to Srmyfinhe I. f \. ur with the low content of
starch particles. There l content causes a reduction in
tensile properties. -

Fresnel effect. For a

. -
& N g, (

Environmentsa

The activity Jof _j"' in LDPE degradation
was studied by oui; ‘,u degradation of starch-
LDPE film and iron sleardte- . studua:d up to 6 months of
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1. Tensile Properties Measurements

A characteristic feature of the ultimate mechanical properties is their

sensitivity to the presence of flaws in the bulk of the material, which facilitates
the use of ultimate properties in the detection of processes that occur at localized
sites. Stress-strain test is a simple but very sensitive detection method. A typical
study of the effect of UV exposure on the tensile strength of unexposed and
exposed films of both LDPE and a.ta:ch-[DPE films is shown in Figure 4.2. It
can be seen thal the mechanical propgrties of the films change with axposu:e

From Figure 440" iéndil¢ stten h PE film shows a gradually
decrease after outd ongation at the final period losses
about 70% of the origing F ' H trend. The behavior of
samples containing sta d PE-S20) differ from that
of the neat LDPE ones gation at break decrease
sharply in the early peri6d after three months. The PE-
S20 film loses all its strer ongation at break losses over
' -v_- and then approaches zero value
within two months, %) "

DPE films (PE-S5/F, PE-
ion of time in Figure 4.3.

S ‘“Emﬁﬁi 1
within six Elungauon atgbreak lossa&uver 98-100% of their original

e RORID TP TR e

stmngﬂlnfﬂnﬁ]mbacameﬁ%.ﬁﬁcrthlsmge,&mﬁ]nmwmcmhﬁubdand
crumbled on handling.
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Table 4.2 Tensile properties of LDPE, starch-LDPE and iron stearate-

starch-LDPE films during outdoor exposure

(a) Tensile strength

Samples
Exposure

time

Tensile strength (N/mm )

PE PE- PEE PE- PEE PE- PE- PE- PE-

original
2 weeks
1 month
6 weeks
2 months
3 months
4 months
5 months
6 months

12.3 12.0
3.2 5.1
1.4 0

Samples
Exposure

time

Sﬁ,ﬁ Smﬂ-‘ S15/F S20/F

original
2 weeks
1 months
6 weeks
2m

3 months
4 months
5 months
6 months

a7 30 uwnﬁmﬂﬂ“

619 51} 349 205 Q}ﬁ‘i 507 218 167
%u&?mﬂﬁilﬂﬂﬂﬂl »

60
0
0

250 - u ; ” . 5 ) )
210 - - . 5 - - - g
142 - - ; " . < .

“w on

the experiment was not carried out
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Figure 4.2 Tensile properties of LDPE and starch-LDPE films
during outdoor exposure
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Figure 4.3 Tensile properties of LDPE and iron stearate-starch-LDPE films
during outdoor exposure



The indoor exposure of sensitized LDPE and LDPE composite films
was also conducted as blank samples for comparison with the outdoor test. The
tensile properties of the LDPE, starch-LDPE and iron stearate-starch-LDPE films
during indoor exposure are shown in Table 4.3 and Figures 4.4 and 4.5. It can
be seen that the tensile properties of all samples change slightly or not change
for indoor test. Therefore, it will take a long time for the degradation of starch-
LDPE films that are kept indoor. The storage time of starch-LDPE films
1#ﬁhhwhhnuthﬂﬂlﬂﬁanneislnn;:w-f fiimonths.

R\
Table 4.3 Tensile propesiics EDPE SI@E and iron stearate-starch-

LDPE filn B indbr cTpet

(a) Tensile st

Samples
Exposure | PE P \ PE- PE-  PE-
time {0, /85 S10/F S15/F S20/F
original | 19.7 6 131 123  12.0
2 months | 19.5 14.6 M244ta = 40 128 120 11.8
4 months | 189 14.0 1 -m Bk, 137 124 117 112
' 320,120 110 108

PE- PE-

S S15/F  S20/F
380\ (218 167
310 200 142

318 175 134
279 160 151
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Figure 4.4 Tensile properties of LDPE and starch-LDPE films
during indoor exposure



41

Tensile Strength (N/mm2)

25

20 -

15

10

——PE - PE-S5/E# #=41 : \ -+ PES15/F *PE“SE{]’F

Elongation at Bre

700
600

400
300
200

o FWEJ’J ‘Vl, ﬂiljﬂmﬂ‘i
’QW’]NQM&ﬂ%ﬂMﬁ@H

—oPE -« PE-S5/F -=PE-S10/F —+PE-S15/F =< PE-S20/F

Figure 4.5 Tensile properties of LDPE and iron stearate-starch-LDPE films
during in door exposure
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2. Molecular Weight Measurements
The changes of molecular weight of PE, PE-S5 and PE-S5/F films at

various exposure times are shown in Figure 4.6. From this figure, when
exposure procecds, the reduction in molecular weight of PE sample shows an
induction period for about 1 month and then it slowly decreases to a lower
molecular weight. It can be seen that the molecular weight of PE-S5 decreases
slower than that of PE-S5/F, corresp ndmg to a sharp drop of tensile strength
and elongation at break. The inolecnf veight of PE-S5/F sample decrease
rapidly with time and reaches & sout 184 6Labe initial molecular weight after 3

after 3 months exposurcmolEciiar -\~= 9250. Thcdecreasmg
of molecular weight cgu® )} ve dﬂgmdauon as in FTIR
absorption measureme

ﬂUEJ’J‘VIEWlﬁWEJ’]ﬂ'ﬁ
ammnmumwmaa
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Table 4.4 Intrinsic viscosity and molecular weighi of LDPE, starch-LDPE and
iron stearate-starch-LDPE films during outdoor exposure

Molecular we.ig}nxiﬂq

Samples Intrinsic viscosity
exposure PE PE- PE- PE PE- PE-
time 55 5S/F 58 5S/F

original 1.16 1.14 11.7 51.36 50.16 51.36
1 months | 1.10 Nlo3y | 4749 32.10 18.22
2 months 27.93 9.25
3 months 21.02 -

4 months - -

5 months -

6 months - -

“_7 the experimer]
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Figure 4.6 Molecular weight of LDPE, starch-LDPE and iron stearate-starch-
LDPE films during outdoor exposure




The FI'IR me:thod nffers valuublc u[t'nmlatmn concerning chemical
changes produced in the PE samples. The IR vibrations of polyethylene and
starch are shown in Table 4.5. Spectra of the PE and PE-S5/F are shown in
Figures 4.7 and 4.8.

Table 4.5 Infrared vibrations and assignments for starch-LDPE films

Frequency (cmq)
LDPE
2850, 2920 (s) CIH suwetching™
1460, 1471 (m-s)® 4 4 /€H Jscissor anddsym bend

1377, 1369, 1 / /@31 bénd die 16.CH, and CH,

3000-3650 (s, br) J [ #4610 sedhing bsorbed water
2850, 2020 (s) i1 stwtaching
1640 (w-m) SO absorbed water)
1462 (m, sh) CH; b
1445-1325 (p®)’ C-H bending andbwée
1234, 1205 (md) %)

960-1190 (s, hrm 2 ing (cﬁ-c and C-O-H)
400-930 (w-m, bry _ OH de{grmﬂtlﬂu (broadened by water),
fing yibration

o -w%_ : i, h Eide? br = brond
QW'WENﬂ‘mJ UAIINYAY
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In the FTIR spectra of LDPE and iron stearate-starch-LDPE films, the
peaks of importance are:

(1) The polyethylene band at 1465 cm  served as an internal standard
to which the absorbances of the other bands were related.

(2) The 1715 cm  band corresponding to the presence of the carbonyl
group in the exposed and degraded polyethylene chain.

of eal the formation of carbonyl
group, which was identified 5 -1'} in Figures 4.8 and 4.9. The
concentrations of carbonyl gieup in PE- ““"“IJ_ increase significantly after
outdoor exposure by thregetitue€ of 1 ‘;i! in the first month. Carbonyl indexes

observed loss in mechanical

express the extent of oxidafic giresponded to ;"*\.
pmlxniﬂs .iil‘l.d ﬂm r_ﬂ_ - i # :.. -. ﬂ_ .:_ Y \

Carbony! indexes of tie “Sampies are, p otted as a function of exposure
time in Figure 4.12. For i-SBIF i
linearly with increasing
stearate containing samples” aré

the carbonyl indexes increase
7 , the carbonyl index of iron
lhe PE one. These can be explained

by the photooxidation reaction of PI, -
The conventitng dXidation by an increase of
the carbonyl group fu? jon i"light. From this result, the

reaction mc:chamsm 0 LDPE (Flgun: 4'1') can be explained as a reasonably

transformation o ]..DPE in oxidative conditions is generally,understood as the
""‘“@',;'Eﬂ R ﬁ%ﬂm LER/EAL) -
- photochemical andfor thermal homolytic decomposition of hydro-
peroxidic groups into hydroxylated and carbonylated groups |
- photoreactions of the groups resulting from the decomposition of
hydroperoxides, especially ketonic groups.
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In LDPE exposed to long wave lengths, hydroperoxidation occurs
essentially on the secondary carbon atoms of the saturated chain and in the O
position with respect to the vinylidene groups are observed as chemical defects.

oo -C-+ HO

INENNT

Rg Ingy
ARIAIATAINN

vinyl unsaturations,...

Figure 4.7 Mechanism of degradation reaction of polyethylene film
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Since the transition metals are thus usually capable of electron
transitions between their outer shells, and the variable valency states resulted
render it capable of inducing oxidation reactions in which the iron stearate acts
as a prooxidant to catalyze the oxidative degradation (Griffin, 1988). Under the
action of sun light, the coordination compounds are sources for organic radicals
formed in photoredox process ;

hV

RCOO —> R + CO, (4.1)

_ uﬂ /4 /

Free radicals are fﬂl‘l’ll and_these ¢ w the polymers, forming the
other free radicals. These i ‘_ dls.are_extremely reactive and can
react further with oxygen / i \ \ n mechanism (Figure 4.7).
It is now fi -t bf hed- iha \\\

Lides": : \w\ reactions, that greatly
contribute to changes”in /both % \..\. position and the molecular
weight of the polymes™ (C \ ¢ reaction are induced by
ultraviolet light absorption fand, b known types I and II Norrish
reactions. In type I reactions occurs at a bond adjacent to the
carbonyl group, i.e. ‘

Fe (RCOO) (RCOO L

groups formed from the

CH-- (4.2)

— Qummﬂmmmm —

formed, to result also in chain scission and in the formation @f; a terminal vinyl

e UM mmm umwma d

v CH,
v I
—C—CH;~CH;~ CH— —> —C-OH + CH,=CH— (4.3)
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Table 4.6 Change in the carbonyl indexes of LDPE and iron stearate-starch-
LDPE films during 3 months outdoor exposure

Samples Carbonyl Index (1)
Exposure PE PE-
time 5S/F

original

0.35
0.3
0.25
0.2
0.15
0.1
0.05

f uaWW*lm
Fmammm&mmm TR

films during 3 months outdoor exposure.
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1. Tensile Property Measurements
The typical effect of soil burial on the tensile properties of LDPE,
starch-LDPE and iron stearate-starch-LDPE films are shown in Table 4.7 ,Figures
4.13 and 4.14. Tensile strength and elongation at break of LDPE shows an
induction period fur 1 mnnth and then decreases afterwards with a higher rate.

final stage, the elongation reaches 5% | iginal value.

For the starch-LDPE"S
period of both propertigs
exhibits a similar trend
shows a significantly fcduging

3), there is an induction
After that, the experiment
DPE, but the elongation

For the iron sigarafc St LD \gmed.idl],ﬂwmlsnnan
induction period of eloggalion Jbul it decreases suddenly soon after the
:5 aith @ higher rate than the samples
ously in the final stage.

experiment. Tensile streng
without iron complex, whi

After the il ok iiféan be scen that different
starch contents effeciy the films t. The more starch content,

the higher decline of cchar s 'with The reason for this are
bascdnnﬂmchmctcnst&pufammh.embaddedm&wLDPEmm that can be

to these defccu. sn the more htnrd] content causes the nwm.feebleness in the

films. QW']&Nﬂ‘mJ llVI']'JﬂEI']ﬂEI



Table 4.7 Tensile properties of LDPE, starch-LDPE and iron stearate-starch-
LDPE films during soil burial test

(a) Tensile strength

Samples Tensile strength (N, ;‘mm‘}

Exposure | PE PE- PE- PE- PE- PES PE-S PES PES
time S5 : 10/F S15/ 20/F

original |19.7 14.7 1% 4 131 123 113
1 month |19.3 13.0 127 112 94

2 months | 18.6 120 10.7 7.4
3 months | 17.0 11.5 8.6 7.2
4 months | 16.3 8.0 6.5 5.2

- 9.8 6.9 4.1
71 6.5 3.4

5 months | 16.0
6 months | 16.0

(b) Elongation 4
Exposure |PE ~ PE- PE 'PE- . PES PES PE-S PES
time 85 ~ S15 S20 5L 0F 15F 20F
original | 620 ‘o4 218 167
1 months | 620 43 : 72 119

2 months | 591 435“,‘.216 185 &}ﬁ 275 135 130 100

e | 0 WE INENTNENG =°

3

e ot ST A SRR A
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Figure 4;13 Tensile properties of LDPE and starch-LDPE films during soil
burial test
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Tensile Strength (N/mm2)
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Figure 4.14 Tensile properties of LDPE and iron stearate-starch-LDPE films
during soil burial test
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From Figure 4.13, tensile strength and elongation at break of the
LDPE films show an induction period for 1 month and then decrease linearly
with time. The soil burial had a strong effect on elongation but a week effect
on tensile strength. After six months, the tensile strength and elongation reach to
81% and 64%, respectively, of the original values.

For the starch-LDPE bamples, there is an induction period of both
propertics durmg the ﬁml month as showa in Figure 4.13. The tensile strength of
imil d 4 adoes the LDPE. The elongation

siensile strength and elongation

In the case of thefirof EifArate-s % DPE films, there is no induction
period of elongation,"but Al dof ascs: su ‘u‘\\ e first month(see Figure
4.14). Tensile strengthy®l Mhcfion steatate SECHLDRE films declines with the
higher rate than that filg: LA w ! fter six months the tensile
strength and elongation re4€ g\%* d 30%; respeetvely, of the original values.

Ar weight traces of the PE, PE-S5 and
, ula.rwr.ughtdalam
presented in Table 4,87 The molecular weight o ’T: s exhibit an induction
period for about 3 and decrdases to a lower value. The
molecular weight of test ﬁ]ma dccmasﬂamthaluwma while the
molecular high rate. This can

be mbumm d by the polyethylene

layer under the sm] burial and withiout thf: sunlight to activategthe degradation of

LoPE. R QI 3B A BRI G etor, i s

a longer fime to observe the loss in molecular weight for burial test compared
with the outdoor exposure experiment.
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Table 4.8 Intrinsic viscosity and molecular weight of the LDPE, starch-LDPE
and iron stearate-starch-LDPE films during soil burial test

60
50
40
30
20
10

i"'a

1)

- - . - —
d);

Samples Intrinsic viscosity | Molecular weightx10
Soil burial | PE  PE- PE  PE-  PE-
time S5 S5  S5/F
original | 1.16  1.14 1. 51.36 50.11 51.36
1 month 1.16 144§ 144 | 51.36 50.11  50.16
2 months | 1.14 \\ v, 48.99  49.56
3 months 11 48.38 48.38
4 months 47.79 42.00
5 months 45.39  39.18
6 months 36.96  35.86

il -
\
L]
/

awmgﬁm;gwmjm

Figure 4.15 Molecular weights of the LDPE, starch-LDPE and iron

stearate-starch-LDPE films during soil burial test
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Figure 4.16 illustrated the magnified pictures of the cassava starch
granules as seen through a polarized light microscope. All photomicrographs
present the polarization cross on the starch granules.

a polarized light microscope,
y : [ h granules in the LDPE
at different starch cc:n he Seen that atdiigh starch content, the starch
' mly dispersed in the LDPE matrix.

of the starch granules in
content. The degree of
@ property of the dispersing
er important effect on

granules are rather ag
For the film with/wi
LDPE matrix are almog
dispersibility depends
aid and on the starg]
dispersibility is the size
the different nature of

the efficiency of the dlbpﬂl’bl.l‘l it it that

"_'.P HJ{ 1?{4-. of el

4 its moisture content. Due to
olymer, moisture tends to impair
¢ degree of dispersibility.

The nutrient-salt in N carbon source and the
selected microorganisms exhibit thatthey can s@vive by utilizing nutrient
sources from the starcheip, plastic samples. The visible bindcgmdabi]ity of the

starch-LDPE ﬁ% ﬁmlﬂu in Figures 4.21-
4.30. The cologjof Aspergillus niger enicillium pinophilum are black and

yellow ly, m b ﬂlluwmg changes
in numﬁmm m"ﬁﬁ“ﬂ *““hﬂf method
(Collin and Lyne, 1989). The total population of Aspergillus niger and
Penicillium pinophilum on surface of the films was shown in Tables 4.9 and
4.10. Figures 4.21 and 4.26 exhibit very little growth of fungi in LDPE films
during the experiment. For the starch-LDPE and iron stearate-starch-LDPE films,
it can be seen that the population of fungi increases as the starch content
increases. The population of Penicillium pinophilum is much higher than
Aspergillus niger. That is, the use of Penicillium pinophilum is more effective
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to promote biodegradation of the polyethylene film through the incorporation of
cassava starch and iron additive.

Table 4.9 The size of Aspergillus niger population in LDPE, starch-LDPE
and iron stearate-starch-LDPE films

population (spores/ml)
4, 40

Samples Total

#? | e _ idn
g 25 |
Table 4.10 The sizelof Hentoilliun yphilum population in LDPE,
starch-LD 1::‘§a: g te-sta; h—mPE films

B NENINEINT
A IO U AN A

PE-S20/F 4286




magnification 100x

magnification 200x

magnification 400 x

Figure 4.16 Structure of cassava starch granules, indicating the

polarization cross.

Gl
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15% starch 20% starch

Figure 4.17 Dispersibility of cassava starch granules (5, 10, 15 and 20%)
in starch-LDPE films, magnification 100x



15% starch 20% starch

Figure 4.18 Dispersibility of cassava starch granules (5, 10, 15 and 20%)
in starch-LDPE films, magnification 200x
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15% starch 20% starch

Figure 4.19 Dispersibility of cassava starch granules (5, 10, 15 and 20%)

in iron stearate-starch-LDPE films, magnification 100 x



159 starch 20% starch

Figure 4.20 Dispersibility of cassava starch granules (5, 10, 15 and 20%)

in iron stearate-starch-LDPE films, magnification 200x

65




G6

o

()

&

%

¥

£
5
Y

(b)

Figure 4.21 Biodegradability of LDPE film by Aspergillus niger fungi.
(a) full plate of culture

(b) focus on surface of the film



5% starch

Figure 4.22(a) Biodegradability of starch-LDPE films by Aspergillus niger

67



Figure 4.22(b) Biodegradability of starch-LDPE films by Aspergillus niger
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o,

5% starch

T W,

L R

109 starch

Figure 4.23(a) Biodegradability of iron stearate-starch-LDPE films by
Aspergillus niger fungi.



15% starch

Figure 4.23(b) Biodegradability of iron stearate-starch-LDPE films by
Aspergillus niger fungi.
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LDPE

5% starch

10% starch

15% starch

20% starch

Figure 4.24 Biodegradability of starch-LDPE films by Aspergillus niger,
focus on surface of the films.

(i



5% starch

10% starch

Figure 4.25 Biodegradability of iron stearate-starch-LDPE films by
Aspergillus niger fungi, focus on surface of the films.
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(a)

(b)

Figure 4.26 Biodegradability of LDPE films by Penicillium pinophilum
(a) full plate of culture

(b) focus on surface of the film

73



10% starch

Figure 4.27(a) Biodegradability of starch-LDPE films by

Penicillium pinophilum
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15% starch

20% starch

Figure 4.27(b) Biodegradability of starch-LDPE films by

Penicillium pinophilum
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5% starch

10% starch

Figure 4.28(a) Biodegradability of iron stearate-starch-LDPE films by

Penicillium pinophilum



15% starch

20% starch

Figure 4.28(b) Biodegradability of iron stearate-starch-LDPE films by
Penicillum pinophilum

17
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LDFPE

5% starch

{ 10% starch

Figure 4.29 Biodegradability of starch-LDPE films by Penicillium pinophilum

focus on surface of the films.
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LDPE

5% starch

10% starch

15% starch

20% starch

Figure 4.30 Biodegradability of iron stearate-starch-LDPE films by

Penicillium pinophilum, focus on surface of the films.



Proposed Degradation Phenomena

With the present of starch and iron stearate in LDPE, every samples
show the fast deterioration in mechanical properties after experimental test,
especially for the outdoor exposure. The results disclose that LDPE with carbon-
carbon bonds can be rendered degradable by addition of :

(a) starch granules, a biog {( .l.' 1t
(b) soya oil, an oxidizablh ‘ ’ s hich contains double bonds in its
molecule and

The degradation gfogt s fi 103 Ay ultaneous presence of a
biodegradable substang€, afi g ilizablessubstapee and an iron compound leads
to a significant synergis A s kna snfar or can be assumed
as probable, the degrads | > by the following mechanism(Chiquet,
1990). Under the & (riviolet. lighty sun light or heat or under
decomposition conditions 5, for example, OH are formed
duetnﬂmp:wmmofﬂw'_ canreactwﬂhﬂlcpolynm
forming other free radicals. T e gls are extremely reactive
and can react e/ with oxygen, as s in tiggradation mechanism of
LDPE (Figure 4.7), with other chains, with iron ion with a double bond of the
oxidizable substance, a;";d the hkc Polymer chains are thus split, small chains
with or without ontz

Y TS IS o
being formed.’ I’i};" Cess: | | an initiator and as a

reaction promoter, whereas the oxidizable substance acts as Ueacuun pmmnlcr
o i ) O B )

than a sdturated polymer chain to form peroxy or y mmpoundb,
starch, because of the large number of hydroxyl groups in its composition,
manifests it self as a promoter and, in conjunction with the iron ions, as a

particularly valuable co-initiator, since iron stearate complexes are highly
reactive. This can be illustrated by the following equation (4.1):

Fe' + O —> [FeOH] —> Fe +OH (4.1)
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In this phase, to be described as the first phase, the plastic materials become
brittle and fragile into small pieces, depending on the prevailing condition.

In the subsequent second stage, if there are the presence of
microorganisms, with the action of ultraviolet light, sunlight or heat, the
degradation process continues as in the first stage following can be observed:

[A] Under the mentio the degradation process continues as
in the first stage. The small cgate further into smaller and smaller
particles until they disappeas 7

y _

[B] In the pres L Anicioorganisins, that is to say bacteria, fungi
andfor enzymes, such ol der N nndi]‘.ions or in contact with
the soil, a further degfadaion’ sfuge follows. Due to the disintegration in to small

particles, the area offthof siiél :-;' L 1o altackyby the microorganisms is

i farals - biodegraded, whereas the

oxygen-containing, spli lyames 150 are | degraded at least partially.

Depending on the first Slag i ‘conti 'L cading to even shorter oxygen-

b, ~duefito  the close contact with the

' y degraded further. In this way,
1 be achieved.

containing polymer chains

microorganisms or enzymesk @i
complete biodeg)

Such a tw ,_ | %c&pama]lymthccasenf
agricultural sheets w ‘h are in mntau with the soil, or of scattcred wastes.
After the first I part: hat they can penetrate

under exterior'i nto ' 3 =y ar€ then not accessible to
light anymore so that a bmlug;cd degradama of starch and,take place which

v Gt 718 6 4 PR s s

composifio
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