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Abstract
High methoxyl pectin (DE = 59.53%) was extracted from plantain peel using
acid extraction method. Pectin yield was 40.5%; moisture content was
87.56%; equivalent weight was 1000 g/ml, and galacturonic acid content was
2.89 mg/ml. Composite polymer films incorporating the extracted pectin manifest their best mechanical properties; tensile strength and % elongation of
5.51 MPa and 5.75% respectively with 10 ml glycerol/1g pectin. Raman spectra peaks at 2930 cm1, 1750 cm−1 and 820 cm−1 indicated CH-stretch, C=O ester group of pectin and COH ring in pectin respectively. Films containing
pectin sourced from waste are considered potential alternative sources of environmentally benign packaging materials.
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1. Introduction
Pectin is an excellent carbohydrate polymer derived from mainly natural resources and is the structural component of plant cell wall [1]. Chemically, pectin
is poly α-1, 4-galacturonic acid, with varying degree of methylation of carboxylic
acid residues. Pectin with more than 50% methyl ester groups is classified as
high-methoxyl (HM) and those with less than 50% methyl ester groups as
low-methoxyl (LM). The degree of esterification of galacturonic acid residues of
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pectin is the most important parameter which affects the solubility of pectin and
its gelling and film forming properties. Pectin has been extracted from a wide
variety of agricultural products/waste such as citrus peel/waste [2]-[7], mango
peel/waste [8] [9] [10] [11] [12], plant leaves [13] [14] [15], banana peels [16]
[17] [18] [19] [20], and plantain peel [21]. To the best of our knowledge, there
has been only a few reports on the extraction of pectin from plantain peel [22]
[23]. Reference [21] studied the effects of the ripeness stage of banana (Musa
AAA) and plantain (Musa AAB) peels on pectin contents, and pectin chemical
features among other constituents and reported higher pectin content in banana
peels compared to plantain peels at all the stages of maturation, with the average
molecular weights of the extracted pectin in the range of 132.6 - 573.8 kDa and
that whilst acid extraction was the most efficient for isolating pectin from banana peel, and an ammonium oxalate extraction was more adequate for plantain
peels. A comparison of the characteristics of pectin extracted from different fruit
wastes has been reported [23] as well as a comprehensive review of pectin, its
uses and sources [24]. Recently, there has been a growing interest in the development and exploitation of bio-based materials derived from agricultural resources with increasing interest in the concept of a bio-economy in which the
utilisation/re-utilisation of biogenic waste is vital [25]-[30].
Indeed, edible films and coatings can be used as a vehicle for incorporating
natural or chemical antimicrobial agents, antioxidants, enzymes or functional
ingredients such as probiotics, minerals and vitamins. Pectin based films has
been produced by several authors [31] [32]. Chitosan/pectin films with either
glycerol or lactic as plasticizer to give clear laminated films with dynamic mechanical properties similar to those for pectin films alone had been fabricated
[33] and thermal analysis of pectin had been carried out [34]. This study reports
acid extraction of pectin from plantain peel and the development of edible film
from plantain pectin. Quantitative tests such as degree of esterification, total galacturonic acid content, Raman intensity measurements and differential thermal
analysis were carried out on the extracted pectin. Mechanical tests, such as tensile test, and elongation (ductility) tests, were carried out on the prepared edible
films.

2. Experimental
2.1. Materials
Ripe plantain peel was sourced from food vendors around Nnamdi Azikiwe
University, Awka, Nigeria. Analytical grade hydrochloric acid, glycerol, isopropyl alcohol, Poly (vinyl alcohol) from Sigma Aldrich (of Mw 89,000 - 98,000)
were used as received. Citrus pectin sourced from Sigma Aldrich was used to
compare the properties of the pectin produced from plantain peel in this study.

2.2. Methods
Acid extraction of pectin.
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The ripe plantain peel was thoroughly washed, cut into pieces and then
ground with corona manual grinder. Care was taken during grinding to get particle size with sufficient surface area to increase extraction using the acid extraction method. Acidified water utilized was prepared by adding 5 mL HCl to 1000
mL of distilled water. 200 g of the ground ripe plantain peel sample was transferred into a beaker and 250 mL of acidified water was poured into it and the
mixture heated for 30 minutes at 40˚C using an electric cooker. After the heating
procedure, the heated sample was filtered and the extracted pectin was precipitated by adding 250 mL of 95% isopropyl alcohol to 100 mL of extract. The mixture was thoroughly stirred and left to stand for 30 minutes. The gelatinous pectin flocculants were then skimmed off and filtered. It was then purified by
washing with hexane to remove residual HCl and universal salt. The resulting
pectin was then characterized and the remaining sample dried in an oven at
30˚C.

3. Characterization of Pectin
After acid extraction, pectin is obtained in wet form. A portion of this “wet pectin” sample was dried in an oven at 30˚C to obtain dry pectin which was stored
for future use. The extracted pectin obtained was subjected to qualitative and
quantitative test. The following physico-chemical tests were carried out on extracted pectin; colour, solubility in hot and cold water, solubility of wet pectin in
cold and hot water, solubility of dry pectin in hot and cold alkali, solubility of
dry pectin in cold and hot HCl and pH determination. The quantitative tests
performed are percentage yield, equivalent weight determination, moisture content determination, degree of esterification and total galacturonic acid content.
The Raman spectra of pectin were taken in the range of 50 - 4000 cm−1 using a
Bruker RFS100/S FT-Raman spectrometer wih YAG:Nd laser (1064 nm) excitation source. The TGA/DSC tests were carried out with a Seteram Labsys
TG/DSC-16 thermal analysis system.
Pectin yield (wet basis) was evaluated using Equation (1).

=
Yield of pectin ( wet basis )

extracted pectin
× 100
initial amount of ground plantain

Ypectin ( % )= Y=

100 P
Bi

(1)
(2)

where, Ypec = the extracted plantain pectin yield in percent (%)

P = the amount of extracted pectin in g
Bi = initial amount of ground plantain peel.
The yield is calculated with respect to the original mass of plantain peel.
The procedures employed in determining the solubility of pectin in different
media are given below;
1) Solubility of dry pectin in cold and hot water.
10 mL of ethanol was added to 0.15 g of pectin followed by 50 mL of distilled
water. The mixture was shaken vigorously and the suspension formed was
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warmed at 60˚C - 70˚C for 10 minutes.
2) Solubility of wet pectin in cold and hot water.
50 mL of distilled water was added to 0.1 g of pectin and shaken vigorously.
The mixture was warmed at 70˚C for 10 minutes.
3) Solubility of dry pectin in hot and cold alkali (NaOH)
5 mL of 0.1N NaOH was added to 0.15 g of pectin and mixture was shaken
vigorously. Thereafter, the mixture was warmed at 60˚C - 70˚C for 15 minutes.
The same process was carried out for wet pectin sample.
4) Solubility of dry pectin in cold and hot HCl
5 mL of 0.1M HCl was added to 0.1 g of pectin sample and shaken vigorously
and thereafter warmed at 80˚C - 90˚C. The same process was repeated for 0.2M
HCl.
To determine the moisture contents for plantain peel and for pectin the following procedure was employed. An empty petri dish was dried in an oven and
allowed to cool under room temperature then weighed. Next, 5 g of wet pectin
was added to the petri dish and weighed again before being transferred into the
oven with temperature set at 100˚C for 20 minutes. Thereafter, the petri dish was
removed, allowed to cool under room temperature and weighed. This process
was repeated once and the moisture content was calculated using the Equation
(3).

Moisture
=
content ( % )

Weight of residue
× 100
weight of sample

(3)

The equivalent weight of pectin was evaluated using the procedure described
below and employing Equation (4). Pectin sample of 0.1 g was weighed into a
conical flask and moistened with 5 ml of ethanol. 1.0 g of sodium chloride was
added to the mixture followed by 100 mL of distilled water and few drops of
phenol red indicator and then warmed in a water bath at 75˚C for 30 minutes.
The solution was then slowly titrated with 0.1M NaOH to a pink colour at the
endpoint.
Equivalent weight was calculated using the Equation (4)

Equivalent weight =

Weight of pectin × 1000
Volume of alkali × Molarity

(4)

The galacturonic acid content was evaluated by spectrometric methods by
measuring the absorbance of pectin containing solutions at 488 nm against
blank solutions. About 1 g of wet pectin was dissolved in 100 ml of distilled water. From this, 1 mL was used for sugar analysis. To estimate the polysaccharide
content of ripe plantain peel pectin, 1 ml of 5% phenol was added to the 1 mL of
pectin solution, followed by 5 ml of concentrated sulphuric acid. The absorbance
was measured after 10 minutes at 488 nm against blank. The experiment was
carried out in triplicate (Test-1, Test-2, and Test-3) and the average taken. From
these values measured at known galacturonic acid content a calibration curve
was obtained.
Preparation of standard solution for determination
DOI: 10.4236/jmmce.2019.76032
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A stock solution of 1 g/mL of glucose was prepared in 100 mL of distilled water. Aliquots were taken from this solution to obtain sugar concentrations 1 - 3
g/mL. 1 mL of 5% phenol solution was added to 1 mL of sugar solution followed
by 5 mL of concentrated sulphuric acid. The absorbance was measured after 10
minutes at 488 nm against blank.
From the standard galacturonic acid content curve, y = 0.076x + 0.088
where y = absorbance of pectin sample.

X = galacturonic acid content.
Absorbance of pectin sample = 0.308
0.308 = 0.76x + 0.088
=
=
X Galacturonic
acid content

0.22
0.076

(5)

The degree of esterification (DE) was determined using the procedure described below and Equation (6). 1 g of pectin was stirred in a mixture of 1 mL of
2.7M HCl and 20 mL of ethanol (60% (v/v)) for 10minutes and filtered through
a WhatMan filter paper in a funnel. The collected pectin was washed six times
with 15 ml of HCl ethanol mixture, then washed with 60 (v/v)% ethanol solutions until the filtrate gave a negative response for chloride ions with silver nitrate, and finally washed with 20 mL ethanol and dried at 105˚C. This treatment
removed free sugars and salts, and converted the pectin to the free acid form.
The degree of esterification (DE) of pectin was determined by the titrimetric
method according to the Food Chemical Codex [35] with a slight modification.
Briefly, the dried pectin sample (100 mg) was transferred to a 50 mL flask, moistened with 2 mL of ethanol and dissolved in 100 mL of carbon dioxide-free water. The solution was titrated with 0.1M NaOH in the presence of five drops of
phenolphthalein indicator and the result was recorded as the initial titer. Then,
20 ml 0f 0.5M NaOH was added under stirring and the mixture allowed to stand
for 15minutes to de-esterify the pectin before 20 ml of 0.5M HCl was added, followed by shaking until the pink colour disappeared.
Three drops of phenolphthalein were added and the solution was titrated with
0.1M NaOH to a faint pink colour that persisted after vigorous shaking (end
point). This titration volume was recorded as the saponification titer (the final
titer). The DE was then calculated as follows:
DE ( % ) =

Final titre × 100
Initial titre + Final titre

(6)

For thermo-gravimetric analysis, a quantity of test sample was put into a
pre-weighed crucible and the initial mass of the test sample at room temperature
(mo) determined. The% weight loss at temperature(s) of interest was evaluated
by measuring the mass of the sample at these temperatures (mT) and then calculated using Equation (7).

( mo − mT )
mass loss % ( ∆mT % ) =
mo × 100
DOI: 10.4236/jmmce.2019.76032
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3.1. Preparation of Pectin Films
The poly (vinyl alcohol) (PVA) was dissolved in an aqueous medium of 150 mL
with vigorous and continuous stirring at a temperature range of 30˚C to 95˚C in
a water bath in other to dissolve the PVA. This was followed with the addition of
glycerol (0, 5 and 10 mL corresponding to Sample A, B and C) as the plasticizer
and 1 g of pectin to each of the PVA/glycerol solution to form a pectin/glycerol/PVA blend. The film forming suspension was heated up with continuous mixing at 95˚C for 10 min in a water bath. The plate was coated with a
mould release agent and the blend was cast on the plate, such that a film was
formed. The film was allowed to dry for 48 hours and then removed and sent for
mechanical testing at Standard Organization of Nigeria (SON) Laboratory,
Enugu, Nigeria. The tensile test was carried out according to ASTM 882-09 method [36].

3.2. Results and Discussion
The colour of extracted pectin by visual observation was brown/calabash colour.
Pectin is usually light in colour [37]. The source and environmental factors
could be responsible for this discrepancy in colour. The dry plantain pectin was
found to be insoluble in cold and hot water, cold and hot alkali, 0.1M cold and
hot HCl, and is sparingly soluble in 0.2M cold and hot HCl. However, the wet
pectin was soluble in cold and hot water. This could be attributed to the presence
and abundance of –OH groups in the wet pectin which is also present in water.
The wet pectin suspension obtained on addition of NaOH, gave a yellow gelatinous colour which turned white when heated at 85˚C to 90˚C for 15 minutes,
this could be as a result of the depolymerization of the pectin [38] and is in
agreement with an earlier report [34] which stated that pectin is unstable under
alkaline solution.
The dry pectin was found to be sparingly soluble in 0.2M HCl. This could be
as a result of the increased concentration level of the acid which corresponds to
the conventional phenomenon which posits that pectin is soluble in acidic media
but less soluble in alkaline media. The pH of the pectin was found to be 4.9
which is slightly acidic. The pectin yield and moisture content were found to be
40.5% and 87.56% respectively. This yield is interestingly higher than that reported for pectin extraction from citrus peel [39]. This therefore posits that pectin extracted from ripe plantain peel is among those with higher yields. However, results showed that pectin extracted from ripe plantain peel had lower moisture content of 87.56% than that from orange peel which gave 95.25% [40].
The equivalent weight (g/ml) is 1000 while the galacturonic acid contents are
2.89 (mg/mL). The degree of esterification was found to be 59.52%. In accordance with standard practice for classification of commercial pectin, the pectin
obtained in this work was categorized as high methoxyl pectin (DE ≥ 50%). Reference [21], studying the effects of ripeness stage of banana(Musa AAA) and
plantain (Musa AAB) peels reported higher pectin contents, galacturonic acid
and methoxyl group contents at all the stages of maturation in banana peels
DOI: 10.4236/jmmce.2019.76032
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compared to plantain peels, with average molecular weights of the extracted pectin ranging from 132.6 to 573.8 kDa, with pectin from banana peel being more
highly esterified with degree of methylation (DM) ranging from 41.0% to 70.9%
mol compared to that from plantain with DM ranging from 16% to 33% mol but
similar degree of acetylation (DA) [21]. Figure 1 shows plates of pectin/
PVA/glycerol composite, dry pectin and the pectin film fabricated.
Direct comparison of the quantitative values for pectin from literature is challenging due to differences in extraction methods, the form of the starting material, and analysis method employed. This is exacerbated by the fact that these
parameters, (pectin yield, equivalent weight, galacturonic acid content and DE)
can be influenced by the extraction method/protocol employed. In spite of these
challenges, in an attempt to give perspective on the chemical properties of the
pectin extracted in this work a comparison with chemical properties of pectin
extracted from other plant sources is presented in Table 1.
The mechanical properties tests carried out show that the properties of pectin-composite films obtained were enhanced with increase in glycerol volume.
Tensile strength is influenced by intermolecular associations in the polymer matrix, which is often weakened by incorporation of a plasticizer, which works by
spacing the chains of the polymer, allowing the chains to move more flexibly and
thus making the plastics softer. Tensile strength values were 1.43, 4.87, and 5.51
MPa for films containing 0, 5, and 10 ml glycerol respectively. This is higher
than tensile strength values of amidated pectin with the highest tensile strength
of 1.58 MPa [41].

Figure 1. (a). Pectin/ poly (vinyl alcohol)/glycerol composite (b). Dry
pectin (c). Plantain pectin film.
Table 1. Comparison of the chemical composition of pectin from different sources.
Pectin source

Equivalent/
molecular wt.

pectin yield

Galacturonic
acid content

Degree of
methylation (DE)

Moisture
content

Reference

Plaintain

1000 g/ml

40.5%

2.89 mg/ml

59.52%.

87.56%

This work

Plaintain

132.6 - 570.7 kDa

8.9 - 14.6**

22.5 - 55.4*

14.2 - 30.6

-

[17]

Banana

252.8 - 573.5 kDa

10.3 - 21.7**

44.3 - 67.1*

35 - 67.1

-

[17]

Grape

15.70***

3.90%

80.95%

[40]

Orange

15.92***

5.79%

95.25%

[40]

Orange
Lemon

29% - 36%
16.71***

4.46%

Lemon
Citrus

≥74.0%**

[40]
66.60%

[40]

23% - 46%

[40]

≥6.7%

Sigma-Aldrich

*(GalA/100g of extract); **(% of dry matter); ***(% of wet matter).
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The expectation that the addition of glycerol will result in improvements of
the elasticity of the films was achieved, as film elongation values of 3.13, 4.43,
and 5.75% were obtained for films containing 0, 5, and 10 ml of glycerol respectively. The weight losses obtained for each of samples A, B and C were 1.0, 2.2
and 3.0 g respectively.
The compositions of the pectin composite films produced in this work are
presented in Table 2.
Since from Table 2 it is obvious that PVA is a significant component of the
Pectin/PVA/glycerol composite films obtained in this work, a comparison is
made of the mechanical properties of our Pectin/PVA/glycerol composite films
and reported values for PVA films in the literature. Poly (vinyl alcohol) is a water soluble polymer, containing multi hydroxyl groups, with the hydroxyl groups
contributing to strong hydrogen bonding (both intra- and inter-molecularly),
which confers PVA with such desirable properties as high tensile strength, excellent adhesive properties, abrasion resistance, anti-alkaline resistance and good
gas barrier properties [42] [43] [44].
Reference [44] has demonstrated that the mechanical properties of PVA films
are affected by the processing conditions, with tensile strength of drawn films
increasing with increase in drawing temperature, and reported tensile strengths
in the range of 57.4 MPa (undrawn blown film) to 203 MPa (blown films drawn
at 120˚C), with the ductility of their PVA films ranging from 22.2% (for
cross-linked films) to 24.6% (for uncross-linked films). Comparing the best mechanical properties of the Pectin/PVA/glycerol composite films obtained in this
work; tensile strength and % elongation of 5.51 MPa and 5.75% respectively
(obtained with 10 ml glycerol/1g pectin), it is observed that these values though
much lower than values for PVA films [44], is in the range of values reported by
other authors.
Comparing values of mechanical properties for pectin composite films with
reports for similar waste/agricultural products based films in the literature as
shown in Table 3, it is concluded that the mechanical properties of the films obtained in this work were consistent with reported values for similar films. For a
more robust comparison of the mechanical properties (tensile strength) of films
based on materials sourced from fruits and vegetables, the recent review by [45]
is recommended.
Reference [45] reported that the tensile strengths of edible films based on
fruits and vegetables range in values as low as 0.03 up to 30 MPa. These values
are comparable to the tensile strength values of some plastic films currently employed in food packaging, such as low-density PE (LDPE, 8 to 10 MPa),
high-density PE (HDPE, 19 to 31 MPa), ethylene-vinyl alcohol copolymer
(EVOH, 6 to 19 MPa) and PCL (4 MPa), but much smaller than those of polystyrene (PS, 31 to 49 MPa), poly (lactic acid) (PLA, 45 MPa), PVC (42 to 55
MPa), PP (27 to 98 MPa) and poly(ethylene terephthalate) (PET, 157 to 177
MPa). On the other hand, the reported ductility (% elongation at breaking point)
DOI: 10.4236/jmmce.2019.76032
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Table 2. Composition of pectin films (in parts per 100 mL of H2O).
Sample

Glycerol (Pph)

PVA (Pph)

Pectin (Pph)

Water (Part)

A

0

27

0.67

100

B

3.3

27

0.67

100

C

6.7

27

0.67

100

Table 3. Comparative table of reported mechanical properties of biofilms.
Film Composition

Tensile strength (MPa)

Elongation (%)

References

PVA/AP film (0% to 30% AP)

11.24 ± 1.27 (0% AP)
2.0 ± 0.76 (30% AP)

1.78 ± 0.25
0.88 ± 0.28

[46]

≈5.51

≈ 5.75

This work

PVA/Pectin/Glycerol
(10 mL glycerol/1g pectin)

2.49 (at 0% glycerol)
6.01 (at 20% glycerol)
3.16 (at 40% glycerol)
2.49 (at 0% Sorbitol)
Low methoxy pectin - Sorbitol (Sor) 5.11 (at 20% Sorbitol)
(at 40% Sorbitol)
2.49 (at 0% PG)
Low methoxy pectin– propyl glycol
8.51(at 20% PG)
(PG)
6.90 (at 40% PG)
2.49 (at 0% PEG)
Lowmethoxy pectin - polyethylene
6.24 (at 20% PEG)
glycol (PEG)
Low methoxyl pectin - Glycerol
(Gly)

13.24
17.56
32.75
13.24
21.52
22.3
13.24
18.80
27.25
13.24
18.47
16.95

[47]

[47]

[47]

[47]

for these films based on the reviewed literature is in the range of 1.8% to 21.7%,
which was considered to be comparable to reported elongation values for PS (2%
to 3%), PVDC (10% to 40%), HDPE (20% to 50%), PET (70%), and PVC (20%
to 180%), but quite inferior to reported elongation values for PP (200% to
1000%), LDPE (300% to 900%), and PCL (800% to 1000%) [41] [47] [48].
The Raman spectra of pectin are shown in Figure 2. The Raman spectra of
plantain peel showed a peak around 2930 cm−1 due to the CH- stretching modes
of pectin. The peak at 1750 cm−1 is attributed to the carbonyl vibration band of
acetyls (C=O)Ac due to ester group in pectin. The peak at 1430 cm−1 suggests the
presence of COO- while the presence of aliphatic cyclic secondary alcohol is indicated by a peak at 1150 cm−1, (COC) glycosidic bond. The peak at 1100 cm−1
might correspond to the vibration mode of cellulose (COC). The band at 990 1000 cm−1 could be assigned -OCH3 vibration of methyl esters [49].

3.3. Differential Thermal Analysis
The thermograms for pectin from plantain peel and citrus pectin showing the
mass loss and DTA curves can be seen in Figure 3(a) and Figure 3(b). The differential scanning calorimetry (DSC) showed an endothermic melting process
between 50˚C and 80˚C. Similar observation was made by [34]. Figure 3(a)
shows two degradative steps, the first one is due to film dehydration and it is at
about 155˚C while the second is attributable to decomposition of film. This is in
agreement with reference [50]. Thermal analysis of the composite films indicates
DOI: 10.4236/jmmce.2019.76032
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partial decomposition in a single stage between 220˚C - 270˚C for plantain in
Argon which is in line with that obtained for citrus pectin (Sigma) in Argon
(200˚C - 230˚C). This observed thermal stability of plantain pectin compared to
citrus pectin is tentatively attributed to differences in the chemical composition
of both pectin (Table 1), especially differences in the galacturonic acid content
and the degree of methylation. The much higher degree methylation of the pectin from plantain peel might be suggestive of a demand for more thermal energy
for de-methylation process during thermal degradation. Another factor that
might account for the better thermal stability of pectin from plantain peel might
be a higher molecular weight range/distribution. However, this cannot be confirmed due to lack of information on the molecular weight ranges.

Figure 2. Raman Spectra of plantain pectin-PVA composite films with 0 mL
glycerol (Sample A), 5 mL glycerol (Sample B), and 10 mL glycerol (Sample C).

Figure 3. Comparison of the thermal degradation of pectin synthesized from
plantain peel and that synthesized from citrus and sourced from Sigma in argon
and oxygen respectively; (a) Mass loss curves, and (b) DTA curves.
DOI: 10.4236/jmmce.2019.76032
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4. Conclusion
From the results obtained in this work, the percentage yield of pectin from ripe
plantain peel is as high as 40.5%. However, in accordance with standard for classifying commercial pectin, the pectin obtained in this work was categorized as
high methoxyl pectin (DE > 50%) which can also be a good cholesterol lowering
agent. The use of glycerol as plasticizer was observed to lead to significant increase in the values of tensile strength and higher % elongation in the films obtained. Tensile strength values were 1.43, 4.87, 5.51 MPa for films containing 0,
5, and 10 ml glycerol respectively. The expected improvements in the elasticity
of the films by addition of glycerol were achieved. With regards to films, %
elongation values of 3.13%, 4.43%, 5.75%, were obtained for films containing 0,
5, and 10 ml glycerol respectively. The use of Raman Spectroscopy enabled the
analysis of the complex skeletal vibrations of the poly saccharide such as the
glycosidic bonds, (COC, 1150 and COH, 480 cm−1) and pyranoid rings (673
cm−1). Since the PVA can be produced from non-fossil fuel sources, mobilization
of pectin from waste products as a component of composite films with potential
applications in the packaging industry as demonstrated in this work can be a
plausible greener and renewable source of packaging materials in contrast to the
current dependence on petroleum based sources and hence contribute to the
emerging bio economy.
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