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Abstract : Yams and other tubers such as potatoes, cassava and sweet potatoes represent crops
of great economic importance worldwide, constituting the main source of income and
employment in many rural areas of the world. In Colombia is important in the Caribbean coast
the cultivation of these species type tubers, since there is concentrated 90% of the national
production, mainly in 26 municipalities belonging to the departments of Sucre, Cérdoba and
Bolivar. There are some identified by the Secretary of agriculture the agricultural sector of
Bolivar factors that impede its accelerated development and improvements in competitive
terms, within which are the poor infrastructure, especially in irrigation and tertiary pathways,
weak direct rural technical assistance and low capacity of producers to generate revenue
because of the limited market that have their harvested products. For this reason, is required to
expand the use of native tubers (cassava, sweet potato and Yam) in other industrial sectors, to
increase demand and favor the growth of the Department's agricultural sector. In the present
investigation proposes the use of native starches as raw material in the production of food
packaging, which were modified chemically by reaction of hydrolysis and esterification
(DDSA, OSA and AA). Starches and films based on native and modified starches were
characterized by FTIR spectroscopy and the results revealed that employed reactions can add
hydrophobic functional groups to improve the water resistance of the biodegradable films based
on starches.
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Introduction

Inside the Department of Bolivar, with greater production of Yam municipalities are EI Carmen de
Bolivar 70.800 tonnes in 2014, followed by San Juan Nepomuceno (14,040) and San Jacinto (4,200), while in
municipalities such as Maria La Baja, Mahates, Villanueva, San Estanislao, Calamar and Cartagena, the
production of name occurs to a lesser extent. As far as the production of cassava is concerned, the
municipalities of greater production are Mahates with 84,000 tonnes in 2014, followed by EI Carmen de Bolivar
(4,200), Arjona (43,194), San Juan Nepomuceno (21,600) and Villanueva (13,000). In the light of the before
mentioned statistical data comes a terrifying problem associated with the overproduction of these tubers in the
Department, and particularly in the Montes de Maria[1].The problem concerning the lack of market for the
marketing of native tubers in the Caribbean region requires the attention of the national and international
scientific community, so it is necessary to investigate in the utilization of the biomass in other productive
sectors, allowing its economic expansion from the generation of added value. Unfortunately, the problems
aren’t the only one that is intended to deal with through the implementation of the proposed research project.
Today, the market of foodstuffs requires to meet the needs of the world's population. They are also demanded
safe, nutritious and less perishable, as well as high-quality [2]. Therefore, many efforts focus on the
development of specific packaging, with mechanical, optical, and anti-microbial to ensure the comprehensive
quality of the product [3].

In the present investigation were biodegradable films through the Casting technique based on modified
starches from manioc and Yam by reactions of hydrolysis and esterification with dodecenil succinicanhydride
(DDSA), octenil succinic anhydride (OSA) and acetic anhydride (AA). Finally, the obtained films were
characterized by FTIR spectroscopy to verify the success of the modification.

Experimental
Materials

Cassava (Manihot esculenta) and Yam (Dioscorea rotundata) were collected from San Juan
Nepomuceno, Colombia. 2-Dodecen-1-yl succinic anhydride (95%), 2-Octen-1-yl succinic anhydride (97%),
Acetic anhydride (>98%) and hydrochloric acid (37%) were purchased from Sigma-Aldrich. All reactions were
carried out using ACS Reagent chemicals.

Starch Modification

Partial acid hydrolysis process is outlined in Figure 1, which was performed based on recent research of
Bet et al. [4], Jeong et al. [5], Dai et al. [6] and Chen et al. [7]. On the other hand, the processes of esterification
with DDSA, OSA and AA, were made through published methodologies for Sun et al. [8], Fonseca et al. [9]
and Shah et al. [10], respectably, as summarized in Figure 2.

Films preparation and characterization

Films based on native or modified starches preparation process is shown in Figure 3, through the
methodology similar to that developed by Oleyaei et al. [11]. Finally, the obtained films were stored in sealed
bags to its characterization. The FTIR spectroscopy of starches and films were made on using a SHIMADZU
IRTracer-100 spectrophotometerin the spectral range of 400 and 4000 cm™.
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1. Suspension of
200 g of starchiin
500 mL of
distilled water
and heat at 50° C.

2. Addition of 17
g of HClat 37%
and agitation at
200 rpm for 6 h.

3. Adjustment of

pH to 6.5 with a

solution of NaOH
to 3% w/v.

4, Sedimentation,
wash 4 times with
500 mL of water
and drying at 60 *
Cfor 48 h.

Figure 1. Partial acid hydrolysis procces.

40 g of starch in
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distilled water
and adjust pH to
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anhydride in ethanol
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and 9.

3. Addition of
hydrochloric acid
37% to bring the
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and drying at 60 °C
for 48 h,

Figure 2. Process of esterification with DDSA, OSA and AA.
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1. Mixture of 100
mL of water,5 g
of starch, 2.5 mL
of sorbitol and
2.5 mL of
glycerol.

2. Warming up of
gelatinization: 70 -
85 °C for 10 min.

3. Emptied in casting |
of 30 mL of film in
Petri dishes of 8.5
cm in diameter and

S5°Cfor48 h

drying.

Figure 3. Process of films preparation.

Results and discussion
FTIR spectroscopy

The FTIR spectra of the modified starches from manioc and Yam are shown in Figure 4 and Figure 5,
respectively. In addition, the FTIR spectra of films based on modified starches from manioc and Yam are
shown in Figure 6 and Figure 7, respectively. The film based on cassava starch esterified with acetic anhydride
could not be prepared due to the high hydrophobicity of starch, which prevents the gelatinizing process. Table
1 summarizes the most relevant information of the bands found in the FTIR spectra of starches and their
respective biofilms. Also, are supported with recently published literature.

Table 1. Bands found in the FTIR spectra of starches and their respective biofilms.

Band (cm™) Comment Reference
3300 O-H stretching vibration [12]
2947 —CH; stretchingvibrational modes [13]
1740 carbonyl (C=0) stretching vibration (only for esterified [14]

starches with DDSA, OSA and AA)
1690 Angular O-H bendingof water molecules [15]
1152 Anti-symmetric stretching of the C-O-C [16]
1080 Stretching vibration of the C-O [17]
1010 Anhydroglucose ring O-C stretch [18]
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Figure 4. FTIR spectra of Cassava starch: (a) hydrolyzed, (b) esterified with DDSA, (c) esterified with

OSA and (d) esterified AA.
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Figure 5. FTIR spectra ofYam starch: (a) hydrolyzed, (b) esterified with DDSA, (c) esterified with OSA

and (d) esterified AA.
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Figure 6. FTIR spectra of films based on Cassava starch: (a) hydrolyzed, (b) esterified with DDSA and
(c) esterified with OSA.
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Figure 7. FTIR spectra of films based on Cassava starch: (a)esterified with DDSA, (b) esterified with
OSA and (c) esterified AA.

Conclusions

Infrared Fourier transform spectroscopy revealed that those starches esterified dodecenil anhydride with
succinic (DDSA), octenil anhydride (OSA) succinic and acetic anhydride (AA) suffered structural changes
regarding the starches native and hydrolysates. However, in the films based on modified starches there is no
variation in the FTIR spectrum, which is attributed to the low degree of substitution in the esterification
process.
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