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Abstract— Plastics have achieved a dominant position in agriculture because of their transparency, lightness in weight,
impermeability to water and their resistance to microbial attack. It is use as food and fruits packaging, fruit bag, food container,
seedling bag, mulching film, protective for greenhouse, dryer shed and among others. However, this generates higher quantity of
wastes that are difficult to dispose by farmers. The plastic residues remain on the soil for some years as large pieces and they are
impediment to plant growth and also a potential hazard to animals if the land is subsequently put down to grass. To address these
problems, the project aim to develop and evaluate the biodegradable film for mango fruit bag during development. Cassava starch
and polybutylene succinate (PBS) was used in the development biodegradable film. The PBS and starch was melt-blended in a twin-
screw extruder and then blown into film extrusion machine. The physic-chemical-mechanical properties of biodegradable fruit bag
were done following standard methods of test. Field testing of fruit bag was also conducted to evaluate its durability and efficiency
field condition. The PHilMech-FiC fruit bag is made of biodegradable material measuring 6 x 8 inches with a thickness of 150
microns. The tensile strength is within the range of LDPE while the elongation is within the range of HDPE. However, it has higher
density, thickness swelling and absorbed more water. It is projected that after thirty six (36) weeks, the film will be totally degraded.
Results of field testing shows that the quality of harvested fruits using PHilMech-FiC biodegradable fruit bag in terms of percent
marketable, non-marketable and export, peel color at ripe stage, flesh color, TSS, oBrix, percent edible portion is comparable with
the existing bagging materials such as Chinese brown paper bag and old newspaper.
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heavy rainfall that destroy the bags hence, greater chances
[. INTRODUCTION for the insects to damage during fruit development stage [3].

Plastics have achieved a dominant position in agriculture, . dOne waydof Soci\émg thﬁ problgm (;rehated by the pIastlc_
this is a direct consequence of their transparency, Iightnes§n ustry and to address the needs of the mango growers is
in weight, impermeability to water and their resistance to the use of b|od9gradable plas_tlc mat_erlals_. Biodegradable
microbial attack [1] plastic are the kind of polyolefin plastic which are created

Disposal and proper management of agricultural waste isusing mate_rlals th"_"t allow the ba_g to complete decompose
currently a big concern not only in the country but af_ter a perl_od of time by the action of nat_urally-occurrlng
worldwide. Although there are existing recycling plants in microorganisms such as bacterlq, fungi, or controlled
the country that process the plastic waste, mechanicaldegr"“‘dat'on though th? Incorporation of prqdegrgglant to
recycling may actually consume more energy in the long undergo accelerated oxidative define degradation initiated by
term than making the same product from virgin polymers, Natural light, heat and oxygen. Many efforts have been
Likewise, the plastic residues remain on the soil for some €X€red to develop bio-based polymers for conserving the
years as large pieces and are not only an impediment to pla etrochemical resources and reducing environmental impact.
growth but also a potential hazard to animals if the land is mong of them are, b|o-based.polymer _made from sago
subsequently put down to grass [2] derived from starch and natural fiber [4], disposable foamed

On the other hand, mango industry in the Philippines is food containers using starch anq napoclay [5], biodegradable
looking for plastic based materials that could be used asfrom cassava _starch [1]. mglchmg film made of corn starch
bagging materials in all weather conditions. Because, theand oil derivatives [6] and blo_bag made of corn starch [7].
most commonly used bagging materials in the country are Starch-based completely biodegradable polymers (SCBP)

newspaper which could not withstand strong winds and are promising _materlals for various applications ‘de their
development is a good solution for reducing the

consumption of petroleum resources and environmental
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problem [8]. They are disintegrated totally within 3 months absorption, tensile strength, elongation and thickness
to 5 years [9][10][11][12]. swelling of the biodegradable film were measured and

One of the potential biodegradable plastic material is the evaluated.
blending of cassava starch and Polybutylene succinate (PBS).
Cassava starch is inexpensive and considered waste in thge
chips processing, widely available and relatively easy to
handle while PBS is one of the most promising
biodegradable aliphatic polyesters, with desirable properties 2) Water absorption: The water absorption of
such as biodegradability, melt process ability, and both biodegradable film was determined based on ISO 62
thermal and chemical resistance [13]. (ASTM-D570) method of test.

Therefore, it is necessary to developed a biodegradable
plastic material that technically viable and subsequently bi
reduce the use of plastic based in agriculture, particularly :
mango production.

1) Density The density of the biodegradable film was
termined based on I1SO 1183 (ASTM D792) method of
test.

3) Water absorption: The water absorption of
odegradable film was determined based on ISO 62
(ASTM-D570) method of test.

4) Tensile strength and elongatiofihe tensile strength

[I. MATERIALS AND METHOD and elongation of biodegradable film was tested using

Cassava starch was blended with Polybutylene succinateniversal testing machine (INSTRON model). The samples
(PBS) in the development biodegradable film. were formed into dumb bell shapes with gage length of 150
mm (50 mm longer than the initial grip separation as per

A. Preparation and formulation of biodegradable film standard), width of 12.7 mm along the test area, width of

The biodegradable pellet and fruit bag were produced at D25.4 mm near the grips, and thickness of 0.15-0.20 mm as
and L Color, Cabuyao, Laguna. The PBS and starch wagP€l specimen. The thickness of the specimens was noted
melt-blended in a twin-screw extruder. The melted blends before each trial was conducted. The initial grip separation
were emerged in the form of continuous strands through theuseéd was 100 mm and the rate of grip separation was 50
die. The strands were cooled using water tank and pelletizedmm/min. Standard operating procedure was employed at
The pellets were then blown into 150 microns thick films normal room condition (73°F, 50% RH).

using single screw blown film extrusion machine. D. Biodegradability of PHilMech-FiC fruit bag

B. Characterization of the chemical properties of The biodegradability or capability of the biodegradable
biodegradable film fruit bag to undergo decomposition in a specified period of

Three levels of percentage of cassava starch were blendeime was investigated under natural soil burial test at
in the PBS for the characterization of the chemical propertiesPHilMech compound. The biodegradation rate of the
of biodegradable fim. The chemical properties of Materials was observed each week within a period of
PHilMech-FiC biodegradable film was characterized using Seventeen weeks. The weight of the specimens was recorded
Fourier Transform Infrared (FTIR) spectroscopy and Atomic at regular time interval.

Force Microscope (AFM). E. Field testing and evaluation

1) Fourier Transform Infrared (FTIR) spectroscopyhe The performance testing and evaluation was conducted at
functional groups present in the polymer product were the orchard of the National Mango Research and

determined using IR Prestige 21 Fourier Transform Infrared Development Center (NMRDC), San Miguel, Jordan,
Spectrophotometer. The sample was scanned for 10 timegsyimaras.

from 4000 to 600 cm-1. FTIR analysis was also used to o ) )
probe the occurrence polymerization reaction of the 1) Description of the Bagging material$able | shows
polymers. the description of bagging materials for mango fruits. The

PHilMech-FiC fruit bag is made of biodegradable material

2) Atomic Force Microscope (AFM)maging was done  measuring 6 x 8 inches with a thickness of 150 microns.
using XE 70 Park System Atomic Force Microscope in Non- Local newspapers was made into rectangu|ar bag and
contact mode with Nanosensors™ Point Probe® Plusmeasured 5.5x8 inches with both sides folded and fastened
cantilever (resonant frequency of 330 kHz with nominal with staple wire. On the other hand, Chinese brown paper
spring constant of 42N/m). The scanner was calibratedbag is pre-manufactured in China. It is made of brown waxy
following the standard procedure of the manufacturer. paper with carbon linings inside, rectangular (7x10 inches)

Samples were dispersed in absolute ethanol and wergnd with a thin wire on the upper right portion of the bag
deposited in clean freshly cleaved mica sheets and air drieduhich is tied around the fruit pedicel.

for one (1) hour. The deposited samples were then washed . _ _
several times with de-ionized water and then absolute 2) Test trees:Five physiologically matured grafted

ethanol and were allowed to air dry for another hour. All mango trees (12 years old) were induced to flower using

analysis was conducted ar’es 1.50 % potassium nitrate (KNO3). A follow-up spray was
conducted three days after the 1st induction to insure high
C. Production of PHilMech-FiC biodegradable fruit bag flowering intensity of the trees. Developing flowers and

Fifteen percent of the cassava starch was blended to thd'uits were protected from major pests by spray application
PBS for the production of biodegradable. Likewise, the Of insecticides and fungicides as needed. Foliar fertilization
physic-mechanical properties such as density, waterwas done to enhance flower and fruit development.
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Irrigation and field sanitation through under brushing was respectively. The 1330 to 1050 cm-1 peak in PBS were due
also undertaken. The fruits of mango test trees were baggedb the C-O stretching in the shifted peak of PBS-Starch Film.
using PHilMech-FiC fruit bag,
Chinese brown waxy paper bag at 50 to 55 days after flowerformed after melt blending of PBS and Starch.
induction (DAFI) [10].

local

newspapers and The shifting indicates the hydrogen bonding of the complex

TABLE II
TABLE | FTIR PEAKSOFPBSAND PBS-STARCHFILM
DESCRIPTIONOF BAGGING MATERIALS FOR MANGO FRUITS :E::( Functional Group PURE PBS (11:;) [;:;] (11:;)
_ _Size Mode of 2940-2850 C-HStretch © © © ©
Treatment Material (inche Enclosure 1700 €=0 Stretch, Carbonyls (o) © © ©
s)
PhilMech-FiC Biodegradable 6 x8 | Staple wire (EEALEED EDsuz © 8 8 8
bag film 1300-1050 C-O stretch 8 o o o
Local Rectangular paper 5.5 x | Staple wire
newspaper bag 8 2) Atomic Force Microscope Modulus Imadggures 1a,
Chinese brown | Brown thinwaxy | 7 x10 | Provided 1b and 1c show the AFM modulus images of PHilMech-FiC
paper bag paper with carbon with wire to biodegradable fruit bag. The nodular structure with small
lining secrre and globular entities was ranging from 13 to 22 nm in diameter.
Control (Un- - - enc o?e The modulus map _also emphasized separated softer. and
bag) stiffer phases assigned to amorphous and organized

structures containing crystallites. Reducing the amount of
) ) ) starch in the biodegradable film facilitated dispersal of starch
3) Test trees Five physiologically matured grafted jnsige the polymer matrix and inhibits agglomeration of the

mango trees (12 years old) were induced to flower usingfijler. On the other hand, increasing the amount of starch
1.50 % potassium nitrate (KNO3). A follow-up spray was facjlitated water absorption.

conducted three days after the 1st induction to insure high
flowering intensity of the trees. Developing flowers and

fruits were protected from major pests by spray application
of insecticides and fungicides as needed. Foliar fertilization
was done to enhance flower and fruit development.
Irrigation and field sanitation through under brushing was
also undertaken. The fruits of mango test trees were baggeﬁ
using PHilMech-FiC fruit bag, local newspapers and

ﬁgi;;isoenb(g)x\vgl)w[al%)]/. paper bag at 50 to 55 days after flowerg Eae;cription of the PHilMech-FiC biodegradable fruit

4) Yield: At harvest, bagged samples were counted, The PHilMech-FiC fruit bag is made of cassava starch
weighed and segregated into small (190 to 240 g), mediumand polybutylene succinate (PBS). It measured 6 x 8 inches
(241 to 289 g) and large (>290 g). and with a thickness of 150 microns (Fig. 2). The

i i biodegradable fruit bag was developed using a twin-screw
5) Fruit quality: The external (peel color from harvest

i . e extruder and blown film extrusion machine.
and ripe stage) and internal characteristics (flesh color, total
soluble solids and percent edible portion) of the bagged
mango fruits were recorded and examined individually using
National Seed Industry Council (NSIC) evaluation index for
‘Carabao’ mango.

&,
m at Fifteen

degradable

fil
micrometer 15% Starch (a), 20% Starch (b) and 25% Starch (c)

ig. 1 Atomic Force Microscopy Images of bio

F. Experimental Design

The data gathered was consolidated and analyzed using
complete randomized design. ANOVA table was utilized to
determine the level of significant among treatments. The
difference among means was analyzed using DMRT.

I1l. RESULTS ANDDISCUSSION

A. Optimization of the chemical properties of biodegradable
film

1) Fourier Transform Infrared (FTIR) spectrdable II
shows the summary of peaks and FTIR spectra of
biodegradable film. The intense peak at 2940 to 2850 cm-1
and 1700 cm-1 correspond to C-H stretching vibrations and
C-0O stretch of carbonyl group in the Polybutylene succinate,

Fig. 2 PhilMech-FiC biodegradable fruit bag
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C. Physic-mechanical  properties of PHilMech-FiC TABLE IV
biodegradable fruit bag CLASSIFICATION OF MARKETABLE FRUITS OF ‘CARABAO’" MANGO

Percent distribution of fruit size

Treatment

Table Il shows the physic-mechanical properties of Small Medium Large/XL
PHilMech-FiC biodegradable film compared with the low | PhilMech-FiC 31.07+19.668 | 49.90+2.28
density polyethylene (LDPE) and high density polyethylene | bag 19.17+17.60

(HDPE). The density, water absorption, thickness swelling, | ojd Newspaper | 40-65£24.94 | 51.70+18.62) 7.64+7.40
tensile strength and percent elongation obtained were 1.4Q0—

glcc, 4.70%, 5.88%, 8.73 MPa and 188%, respectively. The S;‘[;Z?Sbeagrown 48.9219.22 | 25.53+5.53' | 25.53+22.90
tensile strength_ |s_W|tr_1|n_ the range of LDPE while the Un-bag (control)|_80.7813.37| 15.05:7.8% | 4.1745.89
percent elongation is within the range of HD_PE' _HDPE and Means not sharing letter in common differ significantly at 0.05 level of
LDPE can be used as packaging, plastic film sheets,significance by DMRT

containers and among others. Moreover, PHilMech-FiC fruit
bag has higher density, thickness and absorbed more water

that help to facilitates degradability.

2) Fruit Quality : The external and internal
characteristics of the bagged mango fruits were examined
individually using National Seed Industry Council (NSIC)

TABLE Il evaluation index for ‘Carabao’ mango (Table V).
PHYSICO-MECHANICAL PROPERTIESOF PHILMECH-FIC BIODEGRADABLE . .
FiLM The color of bagged fruits, except for Chinese brown
Bhvs hanical | PHiMech paper bags at harvest showed green peel color while un-bag
ysic-mechanica rViech- LDPE HDPE exhibited dark green peel color. This can be associated to the
properties FiC film thi terial with b lini inside th light
Density, g/cc 1.38-1.40 | 0.91-0.94  094-0ge NN waxy material with carbon lining inside, thus, light
Water absorption, % 3.89-4.70 10 10 cannot penetrate and reach the fruit and no protection of fruit
Thickness ' 5 26-5.88 - - to solar radiation. Likewise, peel color at ripening exhibited
swelling, % yellow to orange yellow and no shrinkage on the external
Tensile strength|  7.50-8.73 4.13- 21.37- appearance of the fruits. On the other hand, the
MPa 15.86 37.92 characteristics flesh color, total soluble solids (oBrix) and
Elongation, % 120-188 100-650 |  100-13( (% EP) were taken 8 days after harvest. No variation on
flesh color and percent edible portion were observed on
D. Biodegradability of PHilMech-FiC fruit bag bagged and un-bag fruits.
Figure 3 shows the biodegradability of the PHilMech-FiC TABLE V
blOdegradab|e frUIt bag and the |mage before and after bUI'Ia| EXTERNAL AND INTERNAL CHARACTER|ST|CSOF FRU|TS
test. After 17 weeks or more than two months of burial test,
almost 50 percent of the biodegradable film was degraded. External Internal
The rate of degradation was almost three percent per week. ;‘Tgr' Peel
After 36 weeks or nine months, the PhilMech-FiC | Treatment colorat | TSS Flesh |
biodegradable will be totally degraded a | “ripe | (Brix) | color | *EP
g will be totally degraded. harve
stage
st
50
Y =27621x-4.4487 e PhilMech- 3.410. 3.1+0.3 | 68.57%
R? = 0.9676 4316 . a 3.3+0.1 | 7.96%0.
© /e FiC bag 05 5 e 4 0.77
380 Old 3.2+0. | 3.3#0.2 | 19.36% | 3.0+£0.2 | 69.48+
30 28.64
254 Newspaper | 12° 2 0.47 5 0.85
2 chnese | 1340, | 34201 | 18.89% | 2.7:0.0 | 6935
' 24 6 0.19° 9 0.45
10 paper
Un-bag 3.3#0. | 3.3%0.1 | 18.77+ | 3.0£0.1 | 67.78%
0 . ‘ ‘ : ‘ : ‘ ‘ , (control) 12 0 0.62% 4 0.94
0 2 4 6 8 10 12 14 16 18 Means not sharing letter in common differ significantly at 0.05 level of
No of Weeks significance by DMRT

Fig. 3. Biodegradability of PHilMech-FiC biodegradable fruit bag
3) Causes of non-marketability of harvested fruitable
VI shows the causes of non-marketability of harvested
mango fruits subjected to different bagging materials. The
1) Fruit size: Table IV presented the harvested fruits identified causes were physical damaged, insects and
classified into large (290g and up), medium (241 to 2899) diseases damaged. The incidence of physical damaged was
and small (190 to 240g). The bagged fruit were classified asevident in un-bag fruit because fruit bagging protect the fruit
medium to large size while most of the unbag fruits were from physical damage cause by strong winds and rainfall
classified as small size. during the production stage.

E. Field testing and evaluation
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The insects observed on fruits after harvest were fruit fly,

ACKNOWLEDGMENT

mealy bugs and scale insects. The damaged on un-bag fruits \ye would like to thank CEAT-UPLB. FiC. NMRDC-

was significantly higher (25.55%) compared to bagged fruits
particularly old newspaper (11.11%). Incidence of high
insect damage on fruit bagged using old newspaper can be
attributed to the material. Old newspaper could not
withstand strong winds and heavy rainfall that destroy the
bags hence, greater chances for the insects to damage t
fruits. No incidence of insect damage was observed on
mango fruit bagged using PhilMech-FiC fruit bag and [2]
Chinese brown paper bag.

Scab and sooty molds disease were observed in the mang@]
fruits after harvesting. The damaged cause by diseases on
un-bag fruits was significantly higher (13.89%) compared to
bagged fruits, particularly old newspaper (11.11%). [4]
Incidence of high damaged on fruit bagged using old
newspaper can also attributed to the material that could not
withstand strong winds and heavy rainfall that destroy the [5]
bags hence, greater chances for the insects to damage the
fruits. Likewise, no incidence of disease damaged was als
observed on mango fruit bagged using PhilMech-FiC fruit [g]
bag and Chinese brown paper bag.

[l
TABLE VI
CAUSESOF NON-MARKETABILITY OF HARVESTEDMANGO FRUITS
SUBJECTEDTO DIFFERENTBAGGING MATERIALS
= [10]
Causes of non-marketability (%)
Treatment Physical
Insects Diseases
. . damage [11]
EQgMeCh'F'C 0.00£0.06 0.00+0.00 | 0.00+0.00
Old Newspaper] 11.11+1551 | 11.11+15.71| 0.00+0.00
Chinese brown| 4 54,000 | 0.00+0.00 | 0.00+0.00 [12]
paper bag
Un-bag 25.55+6.67 | 13.89+10.39| 22221571
(control)
[13]
IV. CONCLUSIONS [14]

Biodegradable fruit bag made of starch and polybutylene
succinate (PBS) was developed using a twin-screw extruderis)
and blown film extrusion machine. The PHilMech-FiC bag
measured 6 x 8 inches with a thickness of 150 microns. Thel*6]
FTIR spectra of biodegradable fruit bag decreases as the
amount of starch increases in the bio-composites. Moreover[17]
AFM modulus images emphasized that reducing the amount
of starch facilitated dispersal of starch inside the polymer [18
matrix and inhibits agglomeration of the filler. The tensile
strength is within the range of LDPE while the elongation is
within the range of HDPE. Likewise, biodegradable film has
higher density, thickness swelling and absorbed more water [1°
It is projected that after thirty six (36) weeks, the film will be
totally degraded. The quality of harvested fruits using [20]
PHilMech-FiC biodegradable fruit bag in terms of peel color
at ripe stage, flesh color and percent edible portion is
comparable with the existing bagging materials such as
Chinese brown paper bag and old newspaper. The developed
biodegradable fruit bag material will reduce the use non-
biodegradable material in the field agriculture as well as the
solid waste being disposed off in landfills.
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