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Abstract

This study aimed to produce the degradable packaging from agricultural products and
agricultural residues for useful and value added and developed the processing and forming machine on
packaging production.

Start for researched the agricultural residues; husk of durian fruit (Cv. Monthong and Chanee)
and banana piseudo-stem (Cv. Namwa and Khai). The agricultural residues were selected from best
properties, which monthong husk and namwa pseudo-stem were selected because monthong husk had
highest holocellulose content of 53.7%, pseudo-stem of namwa had highest of fiber length was 4.01
mm. Afterthat monthong husk and namwa pseudo-stem were extracted for cellulose using sodium
hydroxide and then lignin removed with hydrogen peroxide. The percent yield of cellulose from husk
of durian fruit and banana pseudo-stem were 21.51% and 20.25% whereas the yield of cellulose after
bleaching were 84.80% and 74.75%. The cellulose of durian husk was selected to produce the
degradable packaging; fiberboard, ethylene absorber paper and carboxymethyl cellulose (CMC).

Monthong husk fiber with 3%AKD was processed to 7 inch plate by hot compression molding
at 160 oC, 150 bar and 5 min. The plate from unbleached fiber was best forming than bleached fiber
but plate from bleached fiber was best physical properties; density of 573.44 kg/mS, moisture content of
0.39%, thickness swelling of 89.68%, water absorption of 294.09% and time for absorption of 0.05 cm’
water was morethan 7 hrs. Mechanical properties of plate from unbleached fiber were compression
strength at Top and bottom were 2.97 and 3.28 kF, burst strength of 419 kPa, puncture resistance of
0.66 J, tensile strength of 9.63 kN/m and elongation of 1.72%, which cannot test in plate from bleached
fiber. The results indicated that properties of fiberboard plate from agricultural residues were lower
than plate from bagasse but plate from bleached fiber had could be a potential for development.

Ethylene Absorber Paper (EAP) as active packaging for ethylene gas removal from agricultural
products, which extend the duration of shelf life. The fiber (bleach and unbleached) of durian husk
were produced to paper by sheet former. The suitable of fiber type was unbleached fiber because the
paper was best properties, which following to Thai industrial standard: 170-2550 (55 grammage of
Kraft Paper) except tensile strength. Afterward, unbleached fiber was prepared to EAP, which added
with three different type of activated carbon viz. powder, granular and rod as ethylene absorber
materials. Powder Activated Carbon (PAC) type was selected because mango kept in EAP with PAC
had the lowest weight loss (10.55%) and could extend postharvest life of mango for 10 days at room

temperature storage. Afterthat, demonstrated the suitable content of PAC added in EAP at 0, 5, 15, 25
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and 35% (w/w) compared with commercial ethylene absorber. The results EAP with 5% of PAC shown
greater extend postharvest life of mango for 15 days at room temperature storage and mango had lowest
weight loss (28.59%) significantly different with other condition and commercial ethylene absorber.
The properties of all EAP were following to Thai industrial standard: 170-2550 except tensile strength
but can be improved by added dry strength agent. Cost of EAP with 5% PAC was 1.60 Baht/sheet
while commercial ethylene absorber was 2-3 Baht/small pack. The results indicated that EAP from
agricultural residues with 5% PAC had could be a potential for development.

Bioplastic from cellulose of husk of durian fruit was water soluble polymer. The cellulose
powder from bleached fiber was then synthesized to carboxymethyl cellulose (CMC) by chloroacetic
acid in alkaline condition. The percent yield of CMC was 138.12%. The obtained CMC powder had
95.63% purity and a degree of substitution (DS) at 0.68. It was water soluble with low viscosity at
429.9 cPs and appeared in pale yellow color. CMC solutions were added with four different additives
viz. glycerol, sorbitol, polyethylene glycol and calcium carbonate at 10, 20, 30 and 40% (w/w) then it
was casted to form the CMC film. The higher content of all additives resulted to the thicker film,
greater elongation (%), poorer water solubility and lower tensile strength. The films formed with 30%
glycerol had the highest elongation whereas film with 10% calcium carbonate highly resisted to tensile
strength. The film with 40% calcium carbonate had the highest rate for oxygen transmission whist the
properties of water solubility and elongation became low as compared to other treatments. Besides, all
films were heat sealable and allowed oxygen transmitted through at rate of 1.15-17.6 cmz/mz/day. All
CMC-based films could be degraded within 24 hour by burying it in high moisture content soil.
Afterward, CMC films were processed to sachets for storing dry coffee powder. CMC-20%
polyethylene glycol sachets could maintain quality of dry coffee power as similar as the coffee packed
in aluminum foil bags at either ambient air or refrigerated storage. The results indicated that bioplastic
derived from the husk of durian fruit could be a potential material for dry food packaging.

Agriculture products such as fruit and vegetable have been studied as potential film forming
materials to be used as food bio-packaging and biofilm because of their chemical composition of
polysaccharide such as pectin and cellulosic substance. Puree from fruits and vegetables were prepared
and used as raw materials for film processing. Chemical compositions and film properties were
determination. Among the purees, carrot showed the highest pectin, could produce the best film. The
film’s properties was Improved by adding hydrocolloids, pectin and alginate at 1.5, 3 and 4.5% w/w of
puree. The results showed that increasing concentration of both hydrocolloids were increased thickness,

L*, tensile strength and water barrier (WVTR decreased) of film (P<0.05) while oxygen barrier of film
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were reduced (OTR increased). Film containing 3% alginate had better properties than other films.
However, both of hydrocolloids could not improve elongation of films. So, xylitol at 1.25, 2.5, 3.75, 5
and 6.25% w/w of carrot puree were added to increased film’s elongation. The results showed
increasing concentration of xylitol that increased thickness, water solubility, moisture content and
elongation of film (P<0.05). On the other hands, tensile strength, water vapor barrier, L* and oxygen
barrier of film were reduced (P<0.05). The higher levels xylitol caused the increased discolored of
carrot film between storage. Afterward, carrot with 3% alginate and 3.75% xylitol was selected to form
peanut toffee wrapper. During 6 weeks at 65% RH, peroxide value of samples that wrapped with carrot
based film was slower increasing than samples that wrapped with wax paper and unwrapped.
Bio-packaging form cassava starch was determined for value added the cassava and produced
the antimicrobial packaging for food. Cassava starch-chitosan blended film were prepared; mixed
cassava starch solution with chitosan solution in starch:chitosan ratio (g): 1:0, 1:0.2, 1:0.4, 1:0.6, 1:0.8
and 1:1 and glycerol were added 40% w/w of total solid for plasticizers. The solution were casted in
acrylic plate for forming. The result shown best forming, transparent films and the yellow color score
(b*) was increase when increase chitosan. The properties of blend films were demonstrated. All of
films shown best properties and significantly different (p<0.05); moisture content 9.51-10.45%, water
activity (a,) 0.426-0.437, that shown the microbial can’t grow and water solubility 22.31-29.75%,
which starch:chitosan 1:0.2 blend film was lower solubility. Afterthat, demonstrated the mechanical
properties, water vapour transmission rate (WVTR) and oxygen transmission rate (OTR) of films. The
results starch:chitosan 1:0.6 blend film shown higher tensile strength 134.2 kF/cmz, starch:chitosan 1:0
blend film shown higher %elongation 73.77%, starch:chitosan 1:0 blend film shown higher tear
strength 590.16 mN, starch:chitosan 1:0 blend film shown higher WVTR and lower OTR,
starch:chitosan 1:0.4 blend film shown lower WVTR and starch:chitosan 1:1 blend film shown higher
OTR. The efficiency of blend films for antimicrobial packaging were tested. The result shown blend film
couldn’t inhibit the Aspergillus flavus A39 growth, that didn’t have clear zone surrounded the piece of
blend film. However, should other different microbial test in the future. Cost of blend film was 0.02-0.50
bath/sheet. The starch:chitosan 1:0.6 have potential for more researched on food packaging in the future
because it have good properties same as film, that best properties (not significantly different).
Poly-B-hydroxybutyrate (PHB) is a type of the PHA family of polyesters. PHB has been
detected in Cyanobacteria such as Spirulina sp., Nostoc sp., or Oscillatoria sp. This research work aims
to collect Cyanobacteria from the samples of natural water basin and Corralloid roots of Cycas sp.

investigates of biopolymer production of Cyanobacteria as raw material for biodegradable polymer
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production. Firstly, Cyanobacteria samples were collected from natural water basin using plankton net
and Corralloid roots of Cycad. Then, they were isolated by observation of their cells under microscopes.
The isolated of SM6-3 was collected from Corralloid roots of Cycas sp. of Queen Sirikit Park in
Bangkok, Thailand. This isolate was identified as Nostoc sp. by Morphology. However, this strain
showed a large of polyester’s droplets stained with Sudan Black B. Thus, this strain was selected to
cultivate in BG-11 culture medium under indoor and outdoor cultivation with continues aeration. The
results revealed that BG-11 that lack of nitrogen (Nz-free medium) under outdoor condition was suitable
for biopolymer production. The cell of Cyanobacteria was reached a maximum growth of 9.96 x 10° cell
ml" within 18 days cultivation and the maximum biomass was 1.69 gL_l. After harvesting by centrifugal
technique by using a high performance self-cleaning Separator, the biomass was extracted by Acid
hydrolysis technique. Total PHB was presented as 0.33 gL_] that was higher than cultivated with the
normal BG-11 medium.

Moreover, Effect of bio-packaging materials on postharvest life of rambutan fruit was
investigated. Three different bio-packaging materials viz. polylactic acid (PLA), polybutylene succinate
(PBS) and Mater-Bi" were blown molded to be bags for containing one kg of rambutan fruit while low-
density polyethylene (LDPE) bags were used as control group. There was no additive compound into
PLA and PBS film during forming process. All films were measured for mechanical properties, water
vapor and oxygen transmission rates, and biodegradability. Afterwards, rambutan fruits were randomly
divided into four groups, packed in mentioned packaging and stored at 13+2°C with 78% RH. Mater-
Bi" and PBS bags were easier to produce and use than PLA bags. The highest levels of both water
vapor and oxygen transmission rates were detected in Mater-Bi" film followed by PBS and PLA bags,
respectively. Percentage of elongation of Mater-Bi° in machine direction and transverse were
significantly higher than other films whilst the tensile strength of Mater-Bi" was the lowest values in
both machine direction and transverse followed by PBS and PLA, respectively. Mater-Bi* and PLA
films took over 100 days to start degrading in moist soil whereas PBS film could degrade by 16 days
and its degradation increased to 31.25% in 161 days. Rambutan kept in PBS bags had the lowest weight
loss (%) with yellowish red color skin and fresh green spintern. The greater weight loss and brown skin
appearance were found in rambutan packed in Mater-Bi" bags followed by fruit in LDPE. The results
indicated that packaging made from PBS film could extend postharvest life of rambutan fruit for 15

days at 13+2°C storage.
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According to above data, that shown the agricultural products and agricultural residues can be
used to produce bio-packaging and active packaging, which have the potential to compete with the
petrochemical packaging.

In addition, this research aims to develop a machine for preparing and forming agricultural
residue for bio-packaging. Durian husk and banana pseudo-stem were selected for research, that
difficult to prepared and take a lot of time. So be prepared to develop tools such as durian husk to slice
a 2-4 mm. thickness has to be dried well and quickly. The design and construction of shredding fresh
durian husk the casing enclosing the blades of two blades climb up on a stainless steel circular diameter
of 30 cm. thick, 15 mm. mounted in a horizontal box, enter the second channel is a cylinder diameter of
7.6. cm high, 20 cm for enter durian peel down vertically. Use one electric motor power at blade speed
540 rpm that a rate of 392 kg per hour worked assume as 2 worker. The shredding machine for banana
shown a work rate 1200 kg/hr. Speed Blade 1000 rpm. Break equivalent to using 16,963 kg per year,
which compared to the wage rate 0.21 baht/ kg, running time 7 hrs/day (work rate of 1200 kg/hr).

The bio-packaging former as compression molding or dry heat compression machine, that
using a hydraulic press. Forming machine, which was built with the ability to create hydraulic pressure
of up to 30 MPa (306 kg.f/cm2) and mold heating part. The optimal conditions for the plate’s fibers
from durian husk were 160 ° C for 5 min at pressures of 150 bar, with the ability to work forming press
machine (Mold) Maximum size 400 x 400 x 150. mm3. Cost of forming packaging machines was
345,000 baht. If the price of bio-packaging 5.0 baht/piece, break at producing was 17,092 pieces/year
will be payback time in 2,242 days.

Both of which can be applied to or further development of other types of agricultural waste.

Keywords: durian husk, banana pseudo-stem, fruit and vegetable puree, cyanobacteria,
poly-B-hydroxybutyrate, carboxymethyl cellulose, fiberboard, fiberboard plate,
hydrocolloid, xylitol, ethylene gas, activated carbon, chitosan, peanut toffee, coffee,
rambutan, additive, bioplastic, packaging, bio-packaging, active packaging, antimicrobial
packaging, green packaging, isolation, cultivation, postharvest, storage life,

hydraulic press, dry press, hot press, mold
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Abstract

This study aimed to produce the degradable packaging from agricultural products and
agricultural residues for useful and value added.

Start for researched the agricultural residues; husk of durian fruit (Cv. Monthong and Chanee)
and banana piseudo-stem (Cv. Namwa and Khai). The agricultural residues were selected from best
properties, which monthong husk and namwa pseudo-stem were selected because monthong husk had
highest holocellulose content of 53.7%, pseudo-stem of namwa had highest of fiber length was 4.01
mm. Afterthat monthong husk and namwa pseudo-stem were extracted for cellulose using sodium
hydroxide and then lignin removed with hydrogen peroxide. The percent yield of cellulose from husk
of durian fruit and banana pseudo-stem were 21.51% and 20.25% whereas the yield of cellulose after
bleaching were 84.80% and 74.75%. The cellulose of durian husk was selected to produce the
degradable packaging; fiberboard, ethylene absorber paper and carboxymethyl cellulose (CMC).

Monthong husk fiber with 3%AKD was processed to 7 inch plate by hot compression molding
at 160 oC, 150 bar and 5 min. The plate from unbleached fiber was best forming than bleached fiber
but plate from bleached fiber was best physical properties; density of 573.44 kg/mS, moisture content of
0.39%, thickness swelling of 89.68%, water absorption of 294.09% and time for absorption of 0.05 cm’
water was morethan 7 hrs. Mechanical properties of plate from unbleached fiber were compression
strength at Top and bottom were 2.97 and 3.28 kF, burst strength of 419 kPa, puncture resistance of
0.66 J, tensile strength of 9.63 kN/m and elongation of 1.72%, which cannot test in plate from bleached
fiber. The results indicated that properties of fiberboard plate from agricultural residues were lower
than plate from bagasse but plate from bleached fiber had could be a potential for development.

Ethylene Absorber Paper (EAP) as active packaging for ethylene gas removal from agricultural
products, which extend the duration of shelf life. The fiber (bleach and unbleached) of durian husk
were produced to paper by sheet former. The suitable of fiber type was unbleached fiber because the
paper was best properties, which following to Thai industrial standard: 170-2550 (55 grammage of
Kraft Paper) except tensile strength. Afterward, unbleached fiber was prepared to EAP, which added
with three different type of activated carbon viz. powder, granular and rod as ethylene absorber
materials. Powder Activated Carbon (PAC) type was selected because mango kept in EAP with PAC
had the lowest weight loss (10.55%) and could extend postharvest life of mango for 10 days at room
temperature storage. Afterthat, demonstrated the suitable content of PAC added in EAP at 0, 5, 15, 25

and 35% (w/w) compared with commercial ethylene absorber. The results EAP with 5% of PAC shown
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greater extend postharvest life of mango for 15 days at room temperature storage and mango had lowest
weight loss (28.59%) significantly different with other condition and commercial ethylene absorber.
The properties of all EAP were following to Thai industrial standard: 170-2550 except tensile strength
but can be improved by added dry strength agent. Cost of EAP with 5% PAC was 1.60 Baht/sheet
while commercial ethylene absorber was 2-3 Baht/small pack. The results indicated that EAP from
agricultural residues with 5% PAC had could be a potential for development.

Bioplastic from cellulose of husk of durian fruit was water soluble polymer. The cellulose
powder from bleached fiber was then synthesized to carboxymethyl cellulose (CMC) by chloroacetic
acid in alkaline condition. The percent yield of CMC was 138.12%. The obtained CMC powder had
95.63% purity and a degree of substitution (DS) at 0.68. It was water soluble with low viscosity at
429.9 cPs and appeared in pale yellow color. CMC solutions were added with four different additives
viz. glycerol, sorbitol, polyethylene glycol and calcium carbonate at 10, 20, 30 and 40% (w/w) then it
was casted to form the CMC film. The higher content of all additives resulted to the thicker film,
greater elongation (%), poorer water solubility and lower tensile strength. The films formed with 30%
glycerol had the highest elongation whereas film with 10% calcium carbonate highly resisted to tensile
strength. The film with 40% calcium carbonate had the highest rate for oxygen transmission whist the
properties of water solubility and elongation became low as compared to other treatments. Besides, all
films were heat sealable and allowed oxygen transmitted through at rate of 1.15-17.6 cmz/mz/day. All
CMC-based films could be degraded within 24 hour by burying it in high moisture content soil.
Afterward, CMC films were processed to sachets for storing dry coffee powder. CMC-20%
polyethylene glycol sachets could maintain quality of dry coffee power as similar as the coffee packed
in aluminum foil bags at either ambient air or refrigerated storage. The results indicated that bioplastic
derived from the husk of durian fruit could be a potential material for dry food packaging.

Agriculture products such as fruit and vegetable have been studied as potential film forming
materials to be used as food biopackaging and biofilm because of their chemical composition of
polysaccharide such as pectin and cellulosic substance. Puree from fruits and vegetables were prepared
and used as raw materials for film processing. Chemical compositions and film properties were
determination. Among the purees, carrot showed the highest pectin, could produce the best film. The
film’s properties was Improved by adding hydrocolloids, pectin and alginate at 1.5, 3 and 4.5% w/w of
puree. The results showed that increasing concentration of both hydrocolloids were increased thickness,
L*, tensile strength and water barrier (WVTR decreased) of film (P<0.05) while oxygen barrier of film

were reduced (OTR increased). Film containing 3% alginate had better properties than other films.
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However, both of hydrocolloids could not improve elongation of films. So, xylitol at 1.25, 2.5, 3.75, 5
and 6.25% w/w of carrot puree were added to increased film’s elongation. The results showed
increasing concentration of xylitol that increased thickness, water solubility, moisture content and
elongation of film (P<0.05). On the other hands, tensile strength, water vapor barrier, L* and oxygen
barrier of film were reduced (P<0.05). The higher levels xylitol caused the increased discolored of
carrot film between storage. Afterward, carrot with 3% alginate and 3.75% xylitol was selected to form
peanut toffee wrapper. During 6 weeks at 65% RH, peroxide value of samples that wrapped with carrot
based film was slower increasing than samples that wrapped with wax paper and unwrapped.
Bio-packaging form cassava starch was determined for value added the cassava and produced
the antimicrobial packaging for food. Cassava starch-chitosan blended film were prepared; mixed
cassava starch solution with chitosan solution in starch:chitosan ratio (g): 1:0, 1:0.2, 1:0.4, 1:0.6, 1:0.8
and 1:1 and glycerol were added 40% w/w of total solid for plasticizers. The solution were casted in
acrylic plate for forming. The result shown best forming, transparent films and the yellow color score
(b*) was increase when increase chitosan. The properties of blend films were demonstrated. All of
films shown best properties and significantly different (p<0.05); moisture content 9.51-10.45%, water
activity (a,) 0.426-0.437, that shown the microbial can’t grow and water solubility 22.31-29.75%,
which starch:chitosan 1:0.2 blend film was lower solubility. Afterthat, demonstrated the mechanical
properties, water vapour transmission rate (WVTR) and oxygen transmission rate (OTR) of films. The
results starch:chitosan 1:0.6 blend film shown higher tensile strength 134.2 kF/cmz, starch:chitosan 1:0
blend film shown higher %elongation 73.77%, starch:chitosan 1:0 blend film shown higher tear
strength 590.16 mN, starch:chitosan 1:0 blend film shown higher WVTR and lower OTR,
starch:chitosan 1:0.4 blend film shown lower WVTR and starch:chitosan 1:1 blend film shown higher
OTR. The efficiency of blend films for antimicrobial packaging were tested. The result shown blend film
couldn’t inhibit the Aspergillus flavus A39 growth, that didn’t have clear zone surrounded the piece of
blend film. However, should other different microbial test in the future. Cost of blend film was 0.02-0.50
bath/sheet. The starch:chitosan 1:0.6 have potential for more researched on food packaging in the future
because it have good properties same as film, that best properties (not significantly different).
Poly-B-hydroxybutyrate (PHB) is a type of the PHA family of polyesters. PHB has been
detected in Cyanobacteria such as Spirulina sp., Nostoc sp., or Oscillatoria sp. This research work aims
to collect Cyanobacteria from the samples of natural water basin and Corralloid roots of Cycas sp.
investigates of biopolymer production of Cyanobacteria as raw material for biodegradable polymer

production. Firstly, Cyanobacteria samples were collected from natural water basin using plankton net
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and Corralloid roots of Cycad. Then, they were isolated by observation of their cells under microscopes.
The isolated of SM6-3 was collected from Corralloid roots of Cycas sp. of Queen Sirikit Park in
Bangkok, Thailand. This isolate was identified as Nostoc sp. by Morphology. However, this strain
showed a large of polyester’s droplets stained with Sudan Black B. Thus, this strain was selected to
cultivate in BG-11 culture medium under indoor and outdoor cultivation with continues aeration. The
results revealed that BG-11 that lack of nitrogen (Nz-free medium) under outdoor condition was suitable
for biopolymer production. The cell of Cyanobacteria was reached a maximum growth of 9.96 x 10° cell
ml" within 18 days cultivation and the maximum biomass was 1.69 gL_l. After harvesting by centrifugal
technique by using a high performance self-cleaning Separator, the biomass was extracted by Acid
hydrolysis technique. Total PHB was presented as 0.33 gL_1 that was higher than cultivated with the
normal BG-11 medium.

Moreover, Effect of bio-packaging materials on postharvest life of rambutan fruit was
investigated. Three different bio-packaging materials viz. polylactic acid (PLA), polybutylene succinate
(PBS) and Mater-Bi" were blown molded to be bags for containing one kg of rambutan fruit while low-
density polyethylene (LDPE) bags were used as control group. There was no additive compound into
PLA and PBS film during forming process. All films were measured for mechanical properties, water
vapor and oxygen transmission rates, and biodegradability. Afterwards, rambutan fruits were randomly
divided into four groups, packed in mentioned packaging and stored at 13+2°C with 78% RH. Mater-
Bi" and PBS bags were easier to produce and use than PLA bags. The highest levels of both water
vapor and oxygen transmission rates were detected in Mater-Bi® film followed by PBS and PLA bags,
respectively. Percentage of elongation of Mater-Bi® in machine direction and transverse were
significantly higher than other films whilst the tensile strength of Mater-Bi" was the lowest values in
both machine direction and transverse followed by PBS and PLA, respectively. Mater-Bi* and PLA
films took over 100 days to start degrading in moist soil whereas PBS film could degrade by 16 days
and its degradation increased to 31.25% in 161 days. Rambutan kept in PBS bags had the lowest weight
loss (%) with yellowish red color skin and fresh green spintern. The greater weight loss and brown skin
appearance were found in rambutan packed in Mater-Bi" bags followed by fruit in LDPE. The results
indicated that packaging made from PBS film could extend postharvest life of rambutan fruit for 15
days at 13+2°C storage.

The above data shown that agricultural products and agricultural residues can be used to
produce bio-packaging and active packaging, which have the potential to compete with the

petrochemical packaging.
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Figure 5 The reaction for the production of CMC (PHM1 LazAUE, 2005)
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Figure 6 Illustrates the internal surface and concept of adsorption of activated carbon (J3NY, 2016)
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Figure 7 Preparation of preform: a) unbleached fiber and b) bleached fiber
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(b)

Figure 11 CMC films preparation; (a) CMC solution with additive, (b) plate set up for film

forming and (¢) films forming.
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Figure 12 Preparation to biodegradation test of CMC films in soil burial; (a) soil preparation,
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Figure 13 Preparation of CMC packaging; (a) CMC packaging and (b) sample of coffee in CMC

packaging
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Figure 14 Illustrate the model for antimicrobial test of cassava-chitosan blended film
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Table 1 Physical and chemical properties of Agriculture residues

Properties Unit Durian Husk Banana pseudo-stem
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Cv. Monthong Cv. Chanee Cv. Namwa Cv. Khai

Avg. fiber length mm 1.84 1.86 4.01 3.17
Holocellulose % 53.7 51.6 31.7 49.5

- Alpha-cellulose % 36.9 35.7 20.7 34.8

- Beta-cellulose % 9.00 7.12 2.75 3.86

- Gamma-cellulose % 7.85 8.83 8.28 10.9
Lignin % 12.3 10.6 2.72 5.01
Pentosan % 17.9 14.8 7.58 8.76
Ash % 5.30 5.02 7.68 16.0
hot water solubility % 30.4 342 66.9 47.1
alcohol and benzene % 11.6 15.7 24.7 12.3
solubility
1% sodium hydroxide % 54.8 53.1 81.6 68.9
solubility
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(b)

Figure 15 Illustrates the durian husk (a) and after dried at 55 °c (b)
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(a) (b)

(a) (b)
Figure 17 Illustrates the cellulose from durian husk. (a) Cellulose was extracted with
1 M NaOH at 80-90 °C for 1 hour. (b) Cellulose after bleaching with 30%H,0, at

80-90 °C for 20 min.

(b)

Figure 18 Illustrates the cellulose from banana pseudo-stem. (a) Cellulose was extracted with 1

molar NaOH at 80-90°C for 1 hour and (b) cellulose after bleaching with 30% H,0, at 80-

90 °C for 20 min.
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Table 2 Effect of press temperature on properties of fiberboard from durian husk fiber.

Properties
Press Temperature
Fiber Types ° Thickness Moisture Density % Thickness
e
(mm.) Content (%) (kg/ms) swelling
150 3.60° 3.32° 566.25" 110.21°
160 3.67° 3.50° 566.83" 107.07"
Unbleached . . " ®
170 3.70 3.11 613.57 101.54
180 3.70° 2.43° 583.03" 90.24
150 3.60° 4.92° 583.49% 95.67"
160 3.60° 418 548.77° 85.32°
Bleached . . " @
170 3.60 432 565.40 80.55
180 3.60° 4.12° 620.62" 71.80°

Means within the same column followed by different letter are significantly different (P<0.05)
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(a) (b)
Figure 19 Illustrates the fiberboard from durian husk after compressed at 22.5 T/cmz, 5 min; (a)
fiberboard from unbleached fiber and (b) Fiberboard from bleached fiber.
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(b)

Figure 20 Effect of sizing agent on fiberboard preform after drop test; (a) No sizing agent added and

(b) sizing agent added.
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Table 3 Effect of sizing agent (AKD) on properties of fiberboard preform from unbleached durian husk

fiber.
AKD Thickness Moisture Thickness Water absorption Drop test
Treatment
(%) (mm.) Content (%)  swelling (%) (%) (sec/H,O 0.05 cm3)
1 1.25 0.83" 7.22° 4.02° 332.63" 82.67"
2 2.5 1.01° 6.50" 16.33" 244.57° 129.33°
3 3.0 0.81° 3.99° 1.83" 257.59" 129.67"
4 4.0 0.93" 387 6.44° 257.34° 135.67"
5 5.0 0.81° 4.40° 13.47 196.90° 118.33"

Means within the same column followed by different letter are significantly different (P<0.05)
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135.67 uag 118.33 W17 (Table 3)
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Y
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(a) (b) (©)

Figure 21 Illustrates the fiberboard plates were compressed at 160 OC, P 150 bar, 5 min: (a) plate from

unbleached fiber and AKD added (b) plate from bleached fiber and AKD added and

(c) commercial plate from bagasse.
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Table 4 Fiber board (plate) properties from durian husk fiber.

Commercial Fiber board plate
Properties
Plate unbleached fiber bleached fiber

Weight (g) 10.36" 8.80" 8.40"
Thickness (mm.) 0.52" 0.66' 0.65"
Density (kg/m’) 657.43" 567.23" 573.44"
Moisture Content (%) 117" 1.07" 0.39"
Thickness Swelling (%) at 24 hrs. 40.23° 150.18° 89.68"
Water Absorption (%) 119.56° 500.65° 294.09"
Drop test (sec/H,O 0.05 cm3) >7hr 192 >7hr
Compression strength (Top) (kF) 12.50 2.97 N/A
Compression strength (Bottom) (kF) 11.80 3.28 N/A
Burst Strength (kPa) 887 419 N/A
Puncture resistance (J) 1.12 0.66 N/A
Tensile Strength (KN/m) 9.63 3.10 N/A
Elongation (%) 2.92 1.72 N/A

Means within the same row followed by different letter are significantly different (P<0.05)

N/A mean cannot test sample
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Figure 22 Durian Husk fiber papers: (a) unbleached fiber and (b) bleached fiber
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Table 5 Properties of durian husk paper

Unbleached Thai Industrial
Properties Unit Bleached paper
paper Standard 170-2550

Basis weight Grammage (g/mz) 60.25 59.41 55+5
Moisture Content % 7.99 7.03 <10
Water Absorption (Drop test) sec/H,0 0.05 cm’ -

- felt side (FS) 46.6 4.6

- wire side (ws) 61.8 4.0
Tear Resistance mN 453 206 260
Tensile Strength kN/m 1.09 0.52 >2
Elongation % 1.73 1.02 -
Bursting strength kPa 289 222 140
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Figue 23 Illustrates the ethylene absorber paper at various activated carbon (AC) types; (a) without AC

(a)

©) (d

(b) Powder type (¢) Granule type (GAC) and (d) Rod type
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(d

Figure 24 Outer appearance of the mango storage at room temperature for 1 and 8 days (left to right)
with ethylene absorber paper various types; (a) paper without activated carbon (AC) (b) paper
with powder AC (c) paper with granule AC and (d) paper with rod AC
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Table 6 Effect of Activated Carbon (AC) Types on properties of Ethylene Absorber Paper for

properties of mango at 10" of storage time at RT

Color
Treatment AC Types % Weight loss
L* a* b*
1 Non 12.29a 66.23 6.47 39.42
2 Powder 10.50a 67.48 5.34 37.79
3 Granular 11.54a 67.99 6.27 39.53
4 Rod 11.10a 67.65 7.25 40.35

Means within the same column followed by different letter are significantly different (P<0.05)



Figure 25 Weight loss of mango in ethylene absorber paper (various activated carbon types) during

12,50 -

12.00 4

11.50 4

% Weight loss

1050 A

100G

13.000

LET i

P A Peregier

Activated Carbon Ty s

storage at RT for 8 days

CFAE R

FO00 4

E&. 00

[EETEERE

B, 00 4

E2.00 4

B0

fy———— .

ssesas Poyder
—

== s FRod

LA E]

a0l

Starage time {Days)

(@

Mz AL
amwwn P
v (34

—_—

Storage e [Days)

(b)

82



&3

100 4

swmmnw [
0T

- Rid

1000 4

5000 A

000

Storage tims {Days)

(©

Figure 26 Color score of mango in ethylene absorber paper (various activated carbon types) during

storage at RT for 8 days; (a) L*, (b) a* and (c) b*
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Figure 27 Ethylene absorber paper with various activated carbon powder content; left to right 0, 5, 15,

25 and 35% w/w
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Table 7 Effect of activated carbon (AC) powder on properties of ethylene absorber paper from

unbleached durian husk fiber.

Moisture Tear Tensile Elongation Bursting
AC Thickness
Treatment Content strength Strength (%) strength
(%) (grammage)

(%) (mN) (kN/m) (kPa)
1 0 56.14d 7.99ab 477.10a 1.08a 1.66a 296.06b
2 5 53.28¢ 7.21b 344.80c 0.57¢ 1.37b 190.69¢
3 15 59.12¢ 7.78ab 355.40c 0.55¢ 1.45ab 191.81c
4 25 60.98b 8.41a 386.70bc 0.63b 1.56ab 198.56¢
5 35 64.74a 8.62a 408.10ab 0.67b 1.56ab 314.44a

Means within the same column followed by different letter are significantly different (P<0.05)
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Figure 28 Weight loss of mango in ethylene absorber paper (various activated carbon powder content)

during storage at RT for 15 days

Table 9 Effect of Activated Carbon (AC) Powder content on properties of Ethylene Absorber Paper for

properties of mango at 15" of storage time at RT

Color
Treatment AC Content (%) % Weight loss
L* a* b*
1 0 29.57ab 62.83 2.83 34.30
2 5 28.59a 61.39 2.52 30.16
3 15 32.83b 64.27 5.94 36.21
4 25 32.13ab 59.86 1.33 27.81
5 35 31.12ab 63.34 5.82 31.61
Commercial
6 30.25ab 64.07 1.58 35.32
Ethylene Absorber

Means within the same column followed by different letter are significantly different (P<0.05)
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Table 8 Outer and inner appearance of the mangoes storage at room temperature for 15days with ethylene absorber paper various activated carbon content

AC Content Storage Time (Days) at Room Temperature
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Figure 29 Color score of mango in ethylene absorber paper (various activated carbon powder content)

during storage at RT for 15 days; (a) L*, (b) a* and (c) b*
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Table 13 Chemical Properties of Selected fruit and vegetable

Chemical Properties

Sample pH Dry matter (%) Pectin Crude fiber

(% dry wt.) (%dry wt.)

Banana 6.24+0.06 33.13 £0.21 3.68 +£0.27 2.69 +0.45
Carrot 7.62+0.12 10.75 +£0.08 6.58 +0.10 8.33£0.92
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Red Cabbage 5.87+0.10 7.44 £0.08 6.44 +0.38 13.6 £3.61
Tomato 4.44+0.15 5.51 £0.29 4.33 £0.27 5.70 £1.32




98

1 = a { ¥ @
%1ﬂ@nﬁNW‘U’J1L!ﬂifJ‘ﬂﬁﬂiNWﬂ!LWﬂﬂuq\‘i‘ﬁﬁﬂﬁ@ 6.58 £0.10 % “Uf)\‘il.l']“l’iuﬂllﬁ’\i ‘ifNﬁxﬁJ']ﬁ@
o ' 901 Y o w { 'o
nerna1lauas uazugiig 6.44 £0.38 uag 5.51 £0.37 % mmumuﬂuﬁ’q AMUMIAL Y NNzHa1a

= ) A A 3 I,
meﬂ?mmmuiﬂqm’qa 19 13.6 £3.61% VBDIHUIT UNLHN

= = ad a
1.2 Apumswsouilanannnaananyag
da! A d A Y 9 g o 1 =Y 1
nnmsnadouiIugdiaunanududu 20-40% Tastiminaedsuias nuuasenuaz
, 2 P Yy Y o A H o 1 ~ o |
vz namInugllananudududigade 30% Tastminaelsnas vazhngnaduasuag
a3 901 % 1 =Y {
uzomadodldanududuilu 40% TagimiinaedSuias szamsnasnoonainman'ld vazh
v Y gy 2 < ' v A A A
ndretih liensovugihiunenls issnnseuuan ek unszuaumMson 819NN
9 Y Yya a s 9 A & A A ' ad o o Yoy &
ndroihaviiesdlsenevvewdliguazmaduganeamuanuganguunilaud s liiaunsou

Wsiziazuaneenun (Vieira et al., 2011)

ua ard a
1.3 ﬂmﬁﬂﬂ@ﬂl@ﬂﬂahﬁ]’lﬂﬂﬁﬁWﬁlﬂ’]&lﬁﬁ

a o a 1 a o A v o ] Y
V\I'ﬁ3JF1]1ﬂWa9’]WaLﬂi&lV’I5LW’Iﬁ3Tuﬂﬁaﬂﬂmgﬂmﬁuﬂﬁllﬁﬂﬁ'lﬁﬂu I@ﬂllﬂi@ﬂllﬁgugﬂjﬁiﬁ

q

Y
v A v 9 ~ o = g

a 1 a 9 < o 9 4 1
Waunldnwaziuruiuazdarguaniios vaznnzva1lanadldiaunidnvaznssulsi

e

@ a

5 A Yo A ~ =2 g s
(Brittleness) HazNzivama i aunuanyuziviegy (Table 14) Fuilunaninnesnlsznounie
dd‘ 1 [ a 1 a a a 9 a A o [ d'
iNAuanaNnuvoIRaanaudazsila lasdSuamanuuaziduloveosndananisiidadiun
[ =Y 9 =Y 1 Yyar o 1 v A d
mnzaunu iindSnandulellSmamnnasaawalddauianunsevnl sz guaunernnidy
'o = A Y a 1 Y o dy = Qy [ S v a d
nnngra/aues vagideunulivzdawaliilduiunazimiiosnsyludnvazi@erduilduan

x U 1 3 o
Nglsﬁﬂlﬂﬁ %Qﬁﬁﬂﬁﬁ@ﬂ?iﬁ@ﬂ@ﬂﬂ%?ﬂlWﬁﬂ HagNIINUINEN

Table 14 Film Properties of selected fruit and vegetable

Film Properties

Concentration
Sample Thickness Moisture
(%ow/v) a, Peelability Color Appearance
(mm) (%)

Carrot 30 0.08 14.32 0.58 Easy Orange Dry, Flexible
Mango 30 0.20 7.66 0.52 Easy Yellow Dry, Flexible
Red Cabbage 40 0.12 15.61 0.57 Difficult Purple Dry, Brittleness
Tomato 40 0.13 17.22 0.49 Difficult Dark Red Sticky, Flexible
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Figure 40 Effect Xylitol on mechanical properties of Carrot-Alginate film
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Table 15 Effect Hydrocolloid on Carrot film properties

Thickness Moisture Color Score Tensile Strength Elongation WVTR * OTR **
Carrot films a, ) 5 [
(mm.) (%) L* a* b* (kgF/cm") (%) (g/m’.day) (cm’/ m’".day)
Control 0.083° 12.67 0.54  4449° 436 9.8 78.58° 9.35 3254.33° 1.45
1.5% Pectin 0.094° 12.60 0.57 44.60° 4.80 8.63 113.14° 8.93 3436.67" 2.29
3.0% Pectin 0.098™ 11.96 0.55 4514 479 824 138.67" 9.26 3370.33° 2.50
4.5% Pectin 0.102° 12.58 0.54 4520  4.77 8.36 134.89% 10.00 2832.00° 2.34
1.5% Alginate 0.088° 12.40 0.56  46.28™ 447  8.82 141.17° 10.55 2937.67° 1.63
3.0% Alginate 0.96" 12.80 0.55 47448 475 9.37 207.12° 10.24 2755.33" 1.78
4.5% Alginate 0.101" 11.64 0.55 48.09" 4.68 9.79 228.40° 7.71 2774.33" 2.02
CV (%) 33 57" 20" 2.9 128" 71" 9.7 31.5% 5.1 -

* WVTR = Water Vapor Transmission Rate , **OTR = Oxygen Transmission Rate

Means within the same column followed by different letter are significantly different (P<0.05)



Table 16 Effect Xylitol on Carrot - Alginate film properties

Color score Tensile Elongation WVTR OTR
Thickness Solubitiy Moisture , [
% Xylitol a, Strength (%) (g/m’.day) (cm’/ m".day)
(mm) (%) (%) L* a* b* ,
(kgF/cm”)

Control 0.09° 68.68° 13.42° 047  48.75°  3.96% 9.22 229.87 8.06° 3283.00° 1.61
1.25% 0.10° 70.70° 14.15° 048  4835°  3.9% 8.82 192.01° 12.65° 3619.75" 1.88
2.5% 0.10° 71.50¢ 14.76° 048  48.13° 375 9.06 161.50° 16.49° 3691.75" 1.76
3.75% 0.11° 74.81% 14.57° 048  48.10°  4.13% 9.39 133.60" 19.18 4241.00° 1.89

5% 0.11° 7433 15.04° 048  47.73° 440 9.32 110.97" 20.40° 4127.50° 2.36

6.25% 0.11° 76.00° 15.68° 0.48 47.34° 412" 8.87 89.36° 22.38" 4044.50° 2.62

Ccv 34 43 4.1 5.9" 0.8 7.9 45" 5.2 7.4 4.1 -

* WVTR = Water Vapor Transmission Rate , **OTR = Oxygen Transmission Rate

Means within the same column followed by different letter are significantly different (P<0.05)
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Figure 41 Effect Xylitol on Barrier Properties of Carrot-Alginate film
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Figure 42 Effect xylitol on color change of film during storage time

Figure 43 effect Xylitol on color different of carrot film during storage
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Table 17 Microbial in carrot film

SIIMIINTIEH HAMINATOU
Total Bacteria Count <2.5x10° cfu/g
Yeast and Mold est. 2.5x10 cfu/g
E. Coli <3.0 MPN/g
Staphylococcus aureus <10 est. cfu/g
Samonella spp. NDinl0g
Clostridium perfringers NDin0O.1g

Table 18 Nutrition of carrot film

o Results
Description
Per 100 g Per 8 g (Film size 28x28 cm)

Calories (kcal) 331.40 25.00
Calories from Fat (kcal) 5.76 0.00
Total Fat (g) 0.64 0.00
Saturated Fat (g) 0.12 0.00
Cholesterol (mg) 0.00
Protein (g) 4.33 0.00
Total Carbohydrate (g) 77.08 6.00
Dietary Fiber (g) 25.61 2.00
Sugar (g) 24.57 2.00
Sodium (mg) 2019.92 160.00
Vitamin A * (ug) 7219.48 577.56
Beta-carotene (ug) 43,316.86 3765.35
Vitamin B1 (mg) 0.048 0.00
Vitamin B2 (mg) 0.062 0.00
Calcium (mg) 170.73 13.66
Iron (mg) 3.50 0.28
Ash (g) 7.07 0.00
Moisture (g) 10.88 0.00
Antiradical Scarvenging DPPH- (umol TE)** 1,773.37 141.87

*Calculate from Betacarotene, **TE = Trolox Equivalent
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Figure 48 Illustrates the cellulose from durian husk. (a) Cellulose was extracted with 1 molar NaOH

at 80-90 °C for 1 hour. (b) Cellulose after bleaching with 30%H,0, at 80-90 °C for 20 min.
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Figure 49 Carboxymethyl cellulose (CMC) powder, which synthesized by reacting alkali-cellulose
with chloroacetic acid, yield = 138.12%, purity = 95.63%, color score: L* = 85.82
a* =-0.67 and b* = 18.05
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Table 19 Effect of additive types and concentrations on properties of CMC films.

CMC films Viscosity  Thickness Color Score % Tensile % Oxygen
(cPs)** (mm.) L* a* b* Solubitity Strengh Elongation transmission
(kF/cmz) rate (OTR)
(cmslmzlday)
CMC 61.2 0.13" 110.22° 132 -2.99" 98.91° 581 431 1.34
Commercial
0% additive 4299 0.17* 87.80"" -0.79" 6.72° 78.58" 243 15.90 1.18
10% Gly 383.0 0.19* 88.34° 0567 434 85.23" 166 29.60 1.25
20% Gly 396.0 0.18" 88.32" 2057 4.03° 84.44" 134 41.10 1.35
30% Gly 394.0 019  8821" 20.63°T 457 81.30% 157 50.20 1.34
40% Gly 420.0 021" 88.26" 065 458 82.23" 118 46.00 1.40
10% Sor 402.2 0.19* 88.38" 022" 3.72° 85.01" 257 9.78 2.17
20% Sor 407.2 0.19* 88.39" 029" 3.62° 84.33" 250 10.10 1.52
30% Sor 4349 0.20* 88.20" 026" 367 81.80" 188 9.54 1.17
40% Sor 436.6 021" 86.87° -0.08" 2.98° 83.03" 166 6.49 1.15
10% PEG 413.0 019 88.16" 032" 3.90° 83.68" 279 10.20 1.22
20% PEG 4233 0.20* 88.14" 046" 4.52° 83.73" 210 11.20 1.33
30% PEG 440.9 021" 87.96™ 069" 5.88° 83.74" 172 18.00 1.46
40% PEG 425.9 0.22° 37.88" 070" 6.23° 84.46" 145 24.00 1.79
10% CaCO, 3862 0.19°" 86,99 -.07° 1147 77.66° 322 3.47 245
20% CaCO, 4159 0.18% 8721 162" 14277 7673 271 3.09 3.52
30% CaCO, 4152 020 87.75"" 184" 1517 6419 222 3.16 8.01
40% CaCO, 4185 021" 88.11" 198" 1577 5591° 171 242 17.6

where: Gly = Glycerol, Sor = Sorbitol, PEG = Polyethylene glycol and CaCO, = Calcium carbonate

*#* Brookfield; Spindle No. LV02, Spindle speed 30 rpm, T 2511 °c

Means within the same column followed by different letter are significantly different (P<0.05)
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Figure 50 Effect of additive types and concentrations on viscosity of CMC solution.
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Figure 51 Effect of additive types and concentrations on mechanical properties of CMC films; (a)

Tensile strength, (b) %Elongation.
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Table 20 The quality of coffee in CMC packaging.

CMC Quality of coffee
packaging Store at room temperature Stored at refrigerator
% Color score % Color score
Humidity L* a* b*  Humidity — L* a* b*
Al-Foil 2.07° 39.66°  9.39°  3.62° 2.10° 3888 9.020  2.80'
0% additive ~ 4.89° 3929 933" 327" 248" 3925° 899 295
10% Gly 4.98" 3926 971 3.53% L17% 39157 924° 321%
20% Gly 4.61° 39.11"  9.40°  3.11° 1.55" 3927 923°  320%
30% Gly 461° 39.52" 967 3.60° 147 39.11" 922 3.06"
40% Gly 4.60" 3894 927 290 2.05° 3896°  9.15° 295"
10% Sor 438" 39.090"" 933" 3.08" 1.46 39.70°  9.11° 334
20% Sor 442 3939 933" 327 1160 39.19°  932°  3.19%
30% Sor 469" 3937°° 953" 345 2.08" 39.68° 946"  3.65
40% Sor 437" 3898 930 295 2.20° 39.12°  9.33™  3.00*
10% PEG 426° 3925 977" 376 1.32 39355 924°  3.06
20% PEG 4.26° 3925 977" 3.76" 0.89" 38.99" 910" 287
30% PEG 439° 3891° 920 2.8 1.14 39.08° 924" 3.15°
40% PEG 441 3944™  956°  356°  1.09"  39.64°  921°  342°
10%CaCO,  4.94° 3895" 955 307" L18° 3883  921° 284
20%CaCO,  4.95° 3818 9.40° 327 185 3912 937" 3.25d
30%CaCO, 450  3932™° 959" 346  175° 39260 943" 324
40%CaCo, 474  39.50™"  941* 351 186  39.03" 908 272

Where: Gly = Glycerol, Sor = Sorbitol, PEG = Polyethylene glycol and CaCO, = Calcium carbonate

Means within the same column followed by different letter are significantly different (P<0.05)
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Figure 55 Bioplastic bags from (a) PLA, (b) PBS and (c) Mater-Bi"
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Table 21 Properties of bioplastic bags

Bioplastics bags
Properties ®
PLA PBS Mater-Bi

Tensile Strength (kF/cmz)

Parallel machine 586 464 241

Across machine 496 283 107
Elongation (%)

Parallel machine 18.8 87.0 301

Across machine 5.50 5.80 653
Tear Strength (gF)

Parallel machine 10.8 2.08 203

Across machine 12.8 3.75 375
Density (g/cm’) 1.24 1.30 1.26
Water vapor Transmission Rate (WVTR) (g/mz/day) 692 938 1,390
Oxygen Transmission Rate (OTR) (cm3/m2/day) 630 1,218 4,106
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Figure 56 Outer and inner appearance of the rambutans storage at 78% RH 13+2 °C for 27 days in

PBS bag (top to bottom: 0, 3, 6,9, 12, 15, 18 and 21 days).
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Figure 57 Outer and inner appearance of the rambutans storage at 78% RH 13+2 °C for 27 days in

Mater-Bi~ bag (top to bottom: 0, 3, 6,9, 12, 15, 18 and 21 days).
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Figure 58 Weight loss of rambutan in bioplastic bags and LDPE bag during storage at 132 °C 78%

RH for 27 days
30
S
=
S 20 - "M —+¢— Mater-Bi
v
== PBS
@ S 9
= LDPE
=]
=)
vy
= 10 A
Jil
(=]
'_
0 Storage time (days)

o0 3 5 7 9 12 15 18 21 24 27

Figure 58 Total Soluble Solid of rambutan in bioplastic bags and LDPE bag during storage at 13+£2 °C

78% RH for 27 days
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Figure 60 Titratable acidity of rambutan in bioplastic bags and LDPE bag during storage at 13+2 °C

78% RH for 27 days
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Figure 61 Biodegradation of bioplastics in soil burial test.
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Figure 62 Biodegradation of bioplastics in soil burial test.
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Table 22 The production cost of bioplastic bags

Bioplastic Bag Bioplastic Bioplatic Amount forming Cost of
granule price forming cost a plastic bag bioplastic bag
(Baht) (Baht) (Baht/piece) (Baht/piece)
PLA (PLA 2003D) 210 7,000 20 14.98
PBS (PBS FZ91PD) 305 7,000 60 6.69
Mater-Bi” 320 7,000 56 8.79

d' av v [ ¢y Y| v o v
NMINAavdInN 1.7 nmmzwmumﬁc‘gnmmm:lmwmnuﬂeuumﬂzﬁm
G ¢ o o v
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[ I~ I I 1 4 ] . o .. ()]
Y aA 510 W wuanazsalidindsenoudu vy 115Au (protein) uag lusiu (lipid) 5IUBYAIY
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a A ana 9 Y o £ .
(Wuvitigy Lagiisen, 2010) Taolumsnaaes lawssuniliauisues nundna uazaae (2556) H9l
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ﬂig'ﬂjuﬂ1iﬁﬂﬂ1ﬂiaullﬁ$]’lﬂlhu@@ﬂ%ﬁlﬂaﬂlﬂW’lgﬁ'}uﬂJ@\?ﬁﬁ'ﬁ% T@ﬂﬁmwuumﬂzwmﬁ A

I = @ a ' Y 4 o a 4
u,ﬂumazuﬁaﬂmn #9 Figure 63 UATAINUTIN (L*) Ny 106.55 !,Lﬁ$l,ﬁf]u'lﬂ'l’]!,ﬂ§'1$1’i
J =~ 1 d o o v o J A A A J Y
fNﬂ“lJ‘iZﬂ'é]°U1/]']\11/]']\1Lﬂ3JW’1J’J1ﬁGI'I§6]53JuﬁﬁJ$Wﬁﬁwuﬁ 5SUIN MﬂiiJ'lmﬂTiI“]JUlé’IMiiﬁ 85.48% !ﬁuslf_l

k) dy 1 = = v A 9 " W
1.24% 191 0.27% UALANNUBU 12.58% muﬂiumiﬂmuuaz”lmmuuamnﬂ NINY 0.20 A

4 o w 3’/ 4
0.23% (Table 23) Lﬁ@\?ﬂ'lﬂgﬂﬂ”lfl]ﬂi’)ﬂﬂﬂluﬂluﬁﬂuﬂ'lﬁl@ﬁflllﬁﬁ?ﬁ%

Figure 63 Illustrate the cassava starch
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Table 23 Chemical Composition of cassava starch

Carbohydrate (%) Fiber (%) Ash (%) Moisture Content (%) Protein (%) Oil (%)

85.48 1.24 0.27 12.58 0.20 0.23

Table 24 Effect of chitosan concentration for cassava starch-chitosan blend films properties.

Properties
cassava
. Thickness Color Score Moisture a Water Tensile Elongation Tear Water Vapor Oxygen
starch:chitosan v
. (mm) L* a* b Content Solubility Strength (%) Strength Transmission Rate Transmission Rate
ratio (g)
(%) (%) (kF/em®) (mN) (¢/m’/day) (cm’/m’/day)
1:0 0.14a 93.43 2.08 -4.22 9.78ab 0.443b  22.42d 51.72¢ 73.77a 590.16a 2,105.00ab 1.33a
1:0.2 0.10d 93.55 1.44 -1.74 9.51b 0.449a  22.31d 123.4a 42.95b 214.7¢ 2,199.67a 1.65b
1:04 0.11c 91.17 -0.53 11.41 9.98ab 0.451a  25.67bc 125.8a 33.10c 237.0c 1,918.00c 2.34c
1:0.6 0.13b 91.04 -0.67 12.32 10.20ab 0.439¢  25.09c 134.2a 27.93cd 304.7b 1,919.67¢c 2.68d
1:0.8 0.13b 89.20 -0.68 21.55 10.45a 0437¢ 27.19b 82.46b 23.67cd 306.5b 2,072.00b 3.56¢
1:1 0.13b 88.61 -0.72 24.34 9.93ab 0.426d  29.75a 58.66¢ 22.97d 303.7b 2,101.00ab 4.20f

Means within the same column followed by different letter are significantly different (P<0.05)



126

d d v o (Y
2. i sgNuEUIaNF I NN SFRUT ) riaawanlalnay (starch-chitosan blend)

= o J @ < 1 a d 1 ad o
WawamSsliansazudulng luaunsandadluniuiauvioussasuai 14 lasase deq

'
v A

a a [ A o A A A a o Y I A ] 13
RAUTITAOUUAINTIDONTUNUITADU !W'E)LWN?;IEHﬁﬂJUW’Uﬂ\i‘l/\'ﬁllcl‘l’illﬂ’]'lllu"'ll\iuiﬂlmxﬂﬂﬂqull'lﬂ"'llu

q

2 a o 4 o { o [ [ I
(Lui, 2006) M3naasaidaassuilduamiwwauiylalasnundasiaiuaan uazldnameseailu

a 1 4 1 1 I\ v o 4 g 1 1
asAuua esnnisrsanuila lasuseldiduudlaiud e nddiuguiduuniu 188 $1019%

o

wa Aa dtg Y =2 = ' Yy I A A ' =
’dll1Jﬁ!%ﬁﬂﬁﬂﬂluiﬂﬂm‘lﬁlmﬂ’JﬁJGI’IuVITL!LLi\WN ua:ﬂmmaiaamﬂiﬂwammmﬂﬂwquua:u 131

oA

Il H ,3 . ? 1 I a {
MIFuRIUUD9 1011A T (Chillo ef l., 2008) DIl wIUNNAOTOA UNAAA lanwpsNAN A

o v A d Y A =1 [ a a Y= A A A
ﬁTi/ii‘]J‘l"lﬁiJLL‘]J\‘]Nﬁil]lﬂTG]“]f"lu !ME)!‘IEEJ‘]J!‘VIEI‘]Jﬂ‘]J“]iE)‘]J‘VIE)ﬁ!Lﬁ%Wﬂﬁ!ﬂﬂﬁullﬂﬂﬂﬁ aziaantaun

J A LY

=Y %’ @ <3 4 1 ] =Y =
Y5 40%  Tagimiinvesvends ilosniniisienungelviduliguaniiaalunng am

(Bourtoom, 2008)
[ as g ad d 1 Y A = 1 o Y
MNHANMINAADINUINNNTTUIBa s IugUNAu w188 Tanugangu ildung
[ Aaa [ ar o { [ 1 g 4 a
pondnuiuezAsanladie Tasddunlandnyas Tusauas HdmassvuiielSuialaTaau

aAa

A é’ 1Y . a o 9 o [] [

MUY A4 Figure 64 Tagadnuruveadlanlunnnssuisialnameany ogluaig 0.10-0.14

a a 1 1 H { :a' g 'QJ 1 U o U

Haamas arumaumsasuulasnudsuala Tasuimuau Taenoasiaruuilaiudlzvia

1:0, 1:0.2, 1:0.4, 1:0.6, 1:0.8 uag 1:1 YAIMNNUEIN (L*) anad (Figure 65) NN 93.43, 93.55,
o w A I A A X . o

91.17, 91.04, 89.20 uaz 88.61 ANAIAY LazlmANUTUTHADI (b*) 1NN (Figure 65) (NN -

4.22,-1.74,11.41, 12.32, 21.55 11a 24.34 MUAIAY A4 Table 24

Figure 64 Cassava starch-Chitosan blend films appearance at various cassava starch:chitosan ratio (g);

no.1-6 1:0, 1:0.2, 1:0.4, 1:0.6, 1:0.8 and 1:1 respectively.
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Figure 65 Effect of cassava starch:chitosan ratio (g) on color score of cassava starch-chitosan blend

films; (a) L*, (b) a* and (c) b*
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Figure 66 Effect of cassava starch:chitosan ratio (g) on moisture content of cassava starch-chitosan

blend films

0.46

0.45

0.44
0.43
0.4
0.4
0.40
1:0 1:0.2 1:0.4 1:0.6 1:0.8 1:1

Cassava starch:Chitosan ratio (g)

Ay

(]

=

Figure 67 Effect of cassava starch:chitosan ratio (g) on water activity (a ) value of cassava starch-

chitosan blend films
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Figure 69 Effect of cassava starch:chitosan ratio (g) on tensile strength of cassava starch-chitosan blend

films
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Figure 70 Effect of cassava starch:chitosan ratio (g) on elongation of cassava starch-chitosan blend

films
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Figure 71 Effect of cassava starch:chitosan ratio (g) on tear strength of cassava starch-chitosan blend

films
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Figure 72 Effect of cassava starch:chitosan ratio (g) on water vapor transmission rate (WVTR) of
cassava starch-chitosan blend films
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Figure 73 Effect of cassava starch:chitosan ratio (g) on oxygen transmission rate (OTR) of cassava

starch-chitosan blend films
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Figure 74 Efficiency of cassava starch-chitosan blend films to inhibit Aspergillus flavus A39 in the
laboratory at various cassava starch:chitosan ratio (g); no.1-7 control(PDA) 1:0, 1:0.2, 1:0.4,

1:0.6, 1:0.8 and 1:1 respectively.
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Machine Research and Development for Degradable Packaging from Agricultural Products
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Abstract
This research aims to develop a machine for preparing and forming agricultural residue for
bio-packaging. Durian husk and banana pseudo-stem were selected for research, that difficult to
prepared and take a lot of time. So be prepared to develop tools such as durian husk to slice a 2-4 mm.
thickness has to be dried well and quickly. The design and construction of shredding fresh durian husk
the casing enclosing the blades of two blades climb up on a stainless steel circular diameter of 30 cm.
thick, 15 mm. mounted in a horizontal box, enter the second channel is a cylinder diameter of 7.6. cm

high, 20 cm for enter durian peel down vertically. Use one electric motor power at blade speed 540 rpm

that a rate of 392 kg per hour worked assume as 2 worker. The shredding machine for banana shown a
work rate 1200 kg/hr. Speed Blade 1000 rpm. Break equivalent to using 16,963 kg per year, which
compared to the wage rate 0.21 baht/.kg, running time 7 hrs/day (work rate of 1200 kg/hr).

The bio-packaging former as compression molding or dry heat compression machine, that
using a hydraulic press. Forming machine, which was built with the ability to create hydraulic pressure
of up to 30 MPa (306 kg.f/cm2) and mold heating part. The optimal conditions for the plate’s fibers
from durian husk were 160 ° C for 5 min at pressures of 150 bar, with the ability to work forming press
machine (Mold) Maximum size 400 x 400 x 150. mm3. Cost of forming packaging machines was
345,000 baht. If the price of bio-packaging 5.0 baht/piece, break at producing was 17,092 pieces/year
will be payback time in 2,242 days.

Both of which can be applied to or further development of other types of agricultural waste.

Keywords: durian husk, banana pseudo-stem, fiberboard, fiberboard plate, bio-packaging,

degradable packaging, packaging, hydraulic press, dry press, hot press, mold
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