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Abstract: Much research is currently focused on the use of starch as an industrial raw material, which can reduce  
dependence on non-renewable resources. Pure starches of plants includes 20 -30% of amylose, this value might become 
to 80% in some starches scarcely, 70-90% amylopectin, approximately 1% fat, protein and minerals. Starches from  
various sources contain different amounts of amylose and amylopectin, which influence physicochemical  
properties such as gelatinization, water absorption and paste viscosity. Therefore, amylose/amylopectin (Am/Ap) ratio 
in starch would effect on physico-mechanical properties of the material which produced from it. The determination of  
Am/Ap ratio in several samples of starch by a simple modified method was described in this paper and the samples with  
different Am/Ap ratio were applied as filler in rubber compounds. The physico-mechanical properties of obtaind 
cure rubbers were investigated. The results showed that the physico-mechanical properties of Natural rubber (NR)  
compounds filled by various starches are mainly correlated with Am/Ap ratio in the starch samples.
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Introduction
  Starch is a large and one of the major polysaccha-
rides used by plants for energy storage. It is wide-
spread in seeds, roots and tubers as well as in stems, 
leaves, fruits and pollen [1].  Plant starches and other  
polysaccharides comprise the most abundant source 
of renewable natural products on the planet [2].   
Starches and their derivatives are considerable 
in industrial importance particularly to the food,  
pharmaceutical, health care, paper, adhesive, cosmet-

ic and paint industries [3-4]. Starch can be used as  
biodegradable filler in rubber industries. Biode-
gradable filler have been a subject of interest for 
recent years because of their potential to protect 
the environment by reducing non-biodegradable 
filler. Several publications have reported advances 
in the production of starch-based biodegradable  
material [5-6]. The idea of using starch inside 
synthetic polymer emerged in the 1970s [7]. The first 
studies were based on introducing starch into the  
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synthetic matrix at amounts lower than 10% while 
keeping the granular structure intact. In this case 
starch is only filler susceptible to enzymatic degra-
dation but unable to affect the mechanical properties 
of the final material (20-30 Mpa tensile strength and 
700-900% elongation at break point for a 90:10 poly-  
ethylene: starch blends). A second approach was to use  
polymer blends. To obtain this morphology, the 
granular structure of the starch had to be modified  
(generally by extrusion) to allow thorough mixing of 
α-glucan and synthetic polymer. The notion of ‘starch 
destructuration’ attributable to Tomka [8], refers to 
the loss of native granular structure and is achieved 
by melting under shearing and low hydration. 
These forms of processing, which differ complete-
ly from classical pasting obtained in high moisture  
conditions [9], had already been described in reviews  
concerning extrusion [10]. Starch destructuration is 
rather well understood and controlled at the present 
time. However, the main difficulties encountered in the  
addition of starch to synthetic polymer are due to 
the chemical incompatibility of these two types of  
polymers. Two studies [11] have shown that hydro-
philic synthetic polymers such as poly ethylene- 
co-acryl (acid) or poly (vinyl alcohol) give final 
blends with acceptable compatibility. Previously  
several patents have been issued for materials  
produced by blending starch with one or several  
synthetic polymers [12-14, 8]. More sophisticated 
solutions based on the grafting of synthetic frag-
ment have also been reported [15].  The mechanical  
properties of these materials, which are dependent 
on the quantity of starch, diminish rapidly when 
starch level increases (tensile strength ranges from 
22 to 28 Mpa and maximum elongation from 260 to 
60% when starch level increases from 10 to 60% in a  
starch-poly(ethylene-co-acrylic acid) blend) [16].  
Despite their poor mechanical properties, these  
materials have been recommended because of 
their biodegradability, and several commercial  

applications have been proposed (e.g. pharma-
ceutical bottles, container closures, cutlery and  
cotton swabs). Several studies concerning the me-
chanical properties of starch of defined botanical  
origin have shown that the choice of raw material 
is critical [17-18].  Starch consists primarily of two  
components, amylose and amylopectin. Amylose is a 
linear or very lightly branched polymer consisting of 
several thousand (1-4)-α-D-linked D-glucose units with  
molecular masses ranging from 2×105 to 2×106 [5]. 
Amylopectin is a much larger, highly branched poly-
mer consisting of relatively short segment of (1-4)-
α D-linked-glucan units connected by (1-6)-α-D 
glucosidic link-ages with molecular masses ranging 
from 107  to 5×108  [19-20]. The amylose content in 
waxy maize can vary from nearly zero to over 50% 
in some pea and maize varieties. Many of the physi-
cochemical properties of starches that determine their  
suitability for particular end-uses are dependent on 
the ratio of amylose and amylopectin and on their  
molecular weight distributions [21-25] in particular, 
the ratio of the two types of polysaccharides influ-
ences properties such as solubility, viscosity, gel  
formation and solubilization temperature [22-25]. 
Therefore the wide variability in the amylose content 
makes it imperative to have accurate methods for its 
determination.                                           
  Different methods are described in the literature 
for the determination of the relative amounts of  
amylose and amylopectin in starch. The estimation of  
the amylose and amylopectin fraction is pos-
sible by means of amprometric or potentiometric  
titration with iodine [26] or by a colorimetric  
procedure and, another method which has been used  
extensively, is near infrared reflectance (NIR)  
spectroscopy [27], gel permeation chromatography 
(GPC) and high performance size exclusion chroma-
tography (HPSEC) [28-29]. However; all these meth-
ods suffer from some drawbacks. Where as the iodom-
etry method is simple, it suffers from the difficulty in 
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solubilising the starch completely, which can lead to  
erroneous results. Uses of various solvents and  
treatments have been suggested to overcome this prob-
lem [30-33]. In this paper particular attention was giv-
en to the biodegradiation of the starch component as 
a function of the amylos/amylopectin ratio (Am/Ap). 
Amodified and simple method has been used [34-35]. 
The rubber compounds filled by various sources of  
starches were prepared for studying of their process-
ability and mechanical properties especially. The  
research has focused on the study of preparation, 
structure and properties of NR filled by starch ma-
terial in rubber compounds, a strategy to prepare 
high performance starch/rubber compounds and 
thermoplastic starch/Natural Rubber blends [36-
40]. Particular attention in this research gives to the  
application of the starch component as a function 
of the amylose/amylopectin ratio and determinig of 
the specific influence of amylopectin content on the  
physical-mechanical properties in starch/NR  
compounds.

Experimental

Instrumentation
 The starch samples were prepared by soxhlet  
apparatus, IR analysis were carried out on KBr  
pellets of sample and the spectra were taken on a  
FT-IR Spectrum GX. UV Spectroscopy quartz cell  
(1-cm path-length). The cure characteristics of  
different compounds were measured at 160˚C with 
MDR 900, HIWA Company, Iran. The compounds 
were cured in a laboratory press PTP 600, PGH  
Company at 160˚C and 220 KN. Hardness of 
the samples were measured by a bareiss 49038  
Hardness-meter Shore  A  Type, according to ASTM 
D2240. Tensile tests were carried out on dumb-bell 
shaped specimens by M-350-5019. Testometric 
M350-5KN, Testometric Company, according to 
ASTM D412.

Materials

  Starch samples involves potato, maize, wheat, 
corn and rice were provided by Mahdaneh, Goloko-
zan, Sadaf, Golmehr, Golha Companies of Iran, and 
two types of starchs as a case study was supplied  
Sigma-Aldrich Company. Solvents involve 
75% (V/V) n-propanol in water, 90% (V/V) di-
methylsulfoxide (DMSO) in water provided by 
Merck Company. KI and I2 provided by Merck  
Company. The formulation of rubber compounds 
filled by various types of starches is showing in  
Table 1.

Defatted starch samples
 Therefore this step is necessary prior to  
determination of total amylose content, because lip-
id-iodine complexed interfere with amylose-iodine 
complex in determination total amylose content, so 
the amount of amylose content shouldn’t be correct. 
About 5.0 g of starch sample was placed into a filter pa-
per which has been used as an extraction thimble. The 
lipid was extracted with 150 ml of 75% n-propanol at 
85°C for 7 h in a soxhlet extractor. Lipid-free starches 
were dried at room temperature for 14 h and removed 
from the thimble. Then oven dried for 24 h at 30 °C.                                                                                                                                              

Dispersion of lipid-free starch 

    In a flask, 32 mg (± 0.1) of lipid-free starch samples 
(Table 1) was dissolved in 8ml of DMSO (90%). The 
solution was stirred at 80°C in a water bath for 10 
min until it became transparent and then the samples 
cooled to room temperature and left for 40 min. When 
the starch was dissolved completely, an aliquot of 1.0 
ml of this solution was mixed with 5.0 ml of freshly 
prepared iodine reagent and 44.0 ml of distilled water 
in a 50 ml volumetric flask. The color of all samples 
was developing after 10 min. The iodine reagent was 
prepared by dissolving 0.08 g of iodine and 0.27 g 
of potassium iodide with distilled water in a 250 ml 
volumetric flask.
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Preparation of standard curves

  A series of mixtures of pure potato amylose and 
pure maize amylopectin were prepared in various  
proportions in order to obtain samples with  
different percentages of amylose (0, 10, 20, 30, 40, 
50, 60, 70, 80, 90 and 100 percent amylose). 32 mg 
of each sample was acted per overhead method as 
a standard solution. Absorbance spectra at 600 nm 
were recorded for all samples with GX. UV spec-
trophotometer. A calibration curve (Figure 1) was 
plotted for various Am/Ap ratio of standard samples. 
Spectra for blanks of the amylose solutions and the  
iodine reagent were also recorded. The regression 
equation 1 for the standard curve was determined 
to calculate the amylose content of different starch  
specimens with unknown Am/Ap ratio (Table 2)
Y= 0.0168X+0.2138                                 (equation 1)
Where Y = absorbance at 600 and X= %amylose
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Figure 1 Calibration curve for various  
amylose ratios of standard samples

CompanyPhrComponents

Thaihua, Tailand100NR

Pars Tire, Iran10Carbon black

Mahdaneh-Golokozan, 
Golshahr, Iran50Starch

S1= 20%,  S2 =25%,  S3 =30%, and  S4 =36% amylose content

Acid Chem, Malaysia1.5Stearic acid

Shekohieh, Iran4ZnO

Nanjing, China1TMQ

Tesduck, Iran2.5S

Slexsys, Belguim0.1MBTS

Laness, Belguim0.35TMTD

Table 1 Formulation of starch/ NR composite

Preparation of NR Compounds filled by starch

   The starch/ natural rubber compounds were pre-
pared by directly blending unmodified starch powder 
with natural rubber latex, on a two-roll mill at 75-
85 °C. The vulcanizing ingredients and other addi-
tive were mixed into the starch/rubber blends (for 15 
min). The compositions are shown in Table 2.
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Table 2 Determination of amylose content of different starch samples using equation (1)

Calculated Amylose content                     
(%)Absorbance at 600 nmStarch typeNumber

30.92±0.040.7976potato1
36.13±0.040.8867Maize(Golokozan)2
35.65±0.040.8785Wheat(Sadaf)3
27.63±0.040.7413Wheat(Golha)4
22.40±0.040.6519Maize(Mahdaneh)5
28.80±0.040.7613Rice6
24.96±0.040.6957Wheat(Golmehr)7
26.96±0.040.7299Case study(sigma-Aldrich)8
59.95±0.051.2940Case study(sigma-Aldrich)9

Rheological Measurement
  The measurement of the degree of Vulcanization 
is made directly by determining the torque at 160 
ºC by MDR rheometer. The start of vulcanization 
scorch time (TS2), optimum curing time (TC90), and 
cure rate index (CRI), minimum torque (ML), and  

maximum torque (MH) are shown in Table 3. The 
higher the torque obtained, the higher the number 
of cross links created. The maximum torque in table 
3 presents the degree of vulcanization or cross link 
density. The effects of different types of starch on the 
rheological properties of sample are presented in this 
table.

Table 3  The rheological properties of unmodified starch/NR

CRI,
sec

ML,
DN.m

MH,
DN.m

TC 90,
Sec

TS2,
SecSamples

60.3080.5529.656209117S1

47.8781.2429.380255131S2

46.9550.69011.174231117S3

54.6100.96610.208222126S4

Mechanical Properties
  To study the stress-strain behavior of rubber com-
pounds (Testometeric-M350-5KN, ASTM D412 
–98 a. Die C) tensile tester was used. The samples 
were cut from molded sheets in the dumbbell shape, 
placed in the sample holder and its length, width and 
thickness were measured. The gage length between 
the jaws at the start of each test was adjusted to  

25 mm and the measurements were carried out at a  
cross head speed of 500 mm/min. For every value 
of change in load, displacement was recorded by the  
computer. In tensile testing machine, the stress is  
increased slowly and then the elongation of the sample 
undergoes at each stress level is measured. The process 
keeps doing this until the sample breaks down. The  
mechanical properties of Starch/NR blends vulca-
nized by sulfur are presented in Table 4.

Journal of Applied Chemical Researches57Summer 2010, Vol. 4, No. 14

Effect of Amylose/Amylopectin ratio...

www.SID.ir

Archive of SID

www.SID.ir


Table 4 Mechanical Properties of the samples

Resilience
( % )

Hardness
(Shore A)Modulus 

300%  (MPa)
Modulus 100% 

(MPa)
Elongation@break

( % )
Tensile       
(MPa)Sample

59523.711.69620.3709.78S1

60534.752.04515.2409.70S2

61564.912.14508.7909.82S3

61564.341.93505.2408.36S4

Results and discussion
 The various properties of rubber compounds 
filled by starch depend on Amylose /Amylopec-
tine ratio. In order to find out the exact quantitative  
relationship between properties and amylopectine  
content, they were plotted vs. Am/Ap ratio (Figures 
1-4). For example, the variation in elongation and ten-
sile strength with Am/Ap in the compound is shown 
in Figs 1and 2 respectively. Tensile strength and  
elongation at break are ultimate properties of a rubber  
compound and these are manifestation of a  
compound’s cross-link density and rubberized  
nature of filler. It is generally observed that samples  
having optimum cross-link density show higher  
tensile strength and lower elongation at break. From 
plot of elongation shown in Fig.1, it is observed 
that it decreases with decrease in amylopectine 
content. On the other hand higher concentration of  
amylopectine in starch causes increase in elongation 
at break. This type of changing pattern is governed by 
the increase in flexibility of polymer network caused 
by the highly branched structure of amylopectine and 
the more rubberization of starch as filler. As Figure 
2 shows it is observed that tensile strength was not  
significantly changed up to a certain amounts 
(64%) of amylopectine. Beyond this content the 
tensile strength decreased as the amylopectine  
percentage were decreased. It can be concluded that the  
elastic behavior improved somewhat with decreasing  
rubberized filler. Therefore, the content of amylo-
pectine influences the property of vulcanizate. The 
more the percentages of amylopectine, the larger the  

possible rubberization of filler (because of  
highly branched and networking of amylopectine  
structure). The hardness and resilience of the sample with  
different content of amylopectine are also  
included. From Fig 3-4, it can be seen that generally the  
mechanical properties of NR compounds filled by 
strach did not change appreciably when the content 
of amylopectine changed.

Figure 1 Relation between elongation at 
break and Am/Ap ratio

Figure 2 Relation between tensile strength and 
Am/Ap ratio
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Figure 3 Relation between hardness and 
Am/Ap ratio

 Figure 4 Relation between resilience and 
Am/Ap ratio

Conclusion
  The present results indicate that the content of  
amylopectine in starch influences the property of  
rubber samples filled by starch as filler. The larger 
the contents of amylopectine, the larger the possible  
rubberization of filler is (because of highly branched 
and networking structure of amylopectine).
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