(12) PATENT (11) Application No. AU 199526497 B2

(19) AUSTRALIAN PATENT OFFICE (10) Patent No. 701441
(54) Title
Process for recovering polyhydroxyalkanoates using air classification

(51)¢  International Patent Classification(s)

C12P 007/62 C12p 007/42
COBG os3/06 C1Z2P o07/44
2n Application No: 199526497 (22) Application Date: 1995 05 25

(87)  WIPONo:  yoas/33064
(30) Priority Data

(31 Number (32) Date (33) Country
08/251829 1994 06 01 s

(43) Publication Date : 1995 12 21

(43)  Puplication Journal Date © 1996 02 01

(44) Accepted Journal Date 1999 01 28

71 Applicant(s)
The Procter Gamble Company
(72) Inventor(s)

Isao Noda

(74) Agent/Atterney
PHILLIPS ORMONDE FITZPATRICK

(56)  Related Art
us 5110980
EP 533144




OPI DATE 21/12/95 APPLN. 1D

2649795
A0JP DATE 01/02/96 PCT NUMBER PCT/US95/06642

Ll

AUDS26497

T

IT)

(51) International Patent Classification 6 :

C12P 7/62, C08G 63/06 // C12P 7/42, Al
744

(11) International Publication Number:

(43) International Publication Date:

WO 95/33064

7 December 1995 (07.12.95)

(21) International Application Number: PCT/US95/06642

(22) International Filing Date: 25 May 1995 (25.05.95)

(30) Priority Data:

08/251,829 1 June 1954 (01.06.94) us

(71) Applicant: THE PROCTER & GAMBLE COMPANY
[US/US); One Procter & Gamble Plaza, Cincinnati, OH
45202 (US),

(72) Inventor: NODA, Isao; 1568 Hunter Road, Fairfield, OH
45014 (US).

(74) Agents: REED, T., David et al; The Procter & Gamble
Company, 5299 Spring Grove Avemue, Cincinnati, OH
45217 (US),

{(81) Designated States: AM, AU, BB, BG, BR, BY, CA, CN, CZ,
EE, F, GE, HU, IS, IP, KG, KP, KR, KZ, LK, LR, LT,
LV, MD, MG, MN, MX, NO, NZ, PL, RO, RU, §G, SI,
SK, TI, TT, UA, UZ, VN, European patent (AT, BE, CH,
DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE),
OAPI patent (BF, BI, CF, CG, CI, CM, GA, GN, ML, MR,
NE, 8N, TD, TG), ARIPC patent (KE, MW, SD, SZ, UG).

Published
With international search report.
Before the expiration of the time limit for amending the
claims and o be republished in the event of the receipt of
amendments.

(54) Title: PROCESS FOR RECOVERING POLYHYDROXYALKANOATES USING AIR CLASSIFICATION

(57) Abstract

The present invention relates to a process for recovering polyhydroxyalkanoate from a biological source matetial comprising the
polyhydroxyalkanoate, the process comprising: ) comminuting the biclogical source material; b) air classifying the biological source
material such that the polyhydroxyalkanoate particles are separated from other components of the biological source material; and c)

recovering the polyhydroxyalkanaoate.
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PROCESS FOR RECOVERING POLYHYDROXYALKANOATES USING
AIR CLASSIFICATION

TECHNICAL FIELD

The present invention relates to methods of extracting specific
components from other biomass components. More specifically, the present
invention relates to the extraction of a polyhydroxyalkanoate from a
biclogical system, such as a plant or bacteria, by using air classification.

BACKGROUND

Commodity polymers are typically produced from petrochemical
sources by well-known synthetic means. However, recent advances in
technology have resulted in the promise of new sources of commodity
polymers. Particularly promising is the production of plastic resins using
living organisms ("bioplastic"), inciuding genetically manipulated bacteria
and crop plants, which are designed tc produce polymers such as
polyhydroxyalkanoate (PHA); a number of bacteria which naturally produce
PHA are also promising sources of PHA. (see for example, NOVEL
BIODEGRADABLE MICRCBIAL POLYMERS, E.A. Dawes, ed., NATO ASI Series,
Series E: Applied Sciences - Vol. 186, Kluwer Academic Publishers (1890);
Poirier, Y., D.E. Dennis, K Kiomparens and C. Somervile,
"Polyhydroxybutyrate, a biodegradable thermoplastic, produced in
transgenic plants”, SCIENCE, Vol 256, pp. 520-523 (1992)). In a large scale
productibn, for example agricultural production, the harvesting and purifying
of such bioplastic from the biomass debris is a critical step for determining
the practical feasibility of such technology.

The separation of polymeric lipids such as PHA from a large-scale
biological source, such as an agricultural crop, is not a trivial task. The
conventional separation methods used extensively in the extraction of low
molecular weight lipids are not practical to employ in a resin isolation
process. For example, a simple mechanical press is impractical because,
unlike separating vegetable cils from oil-seeds, solid plastics cannot be
squeezed out of crops by mechanical pressing.

Solvent extraction is also impractical for a number of reasons. A
solution of polymer develops an extremely high viscosity, even at relatively
low concentration, thereby making the sclution extremely difficult to work
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with. Furthermore, the stripplng of solvent from polymer is a slow and
difficult process, A commenly used solvent for the extraction of PHA fram
bacteria is chiercfarm. However, the use of a large amount of such a
solvert, potentially harmful to health and environment if accidentally
5§ released, near the harvesting site would be undesirable,

Separationn of PHA by sedimentational methods should be, in
principle, possible. However, simple gravitational (1-G force) settling in a
liquid suspending medium is, in fact, quite impractical. The rate of settling
is extremely slow. In addition, such slow settling is easily disrupted by the

10 Brownian mofion of the fine PHA particles induced by the thermal fluctuation
of the suspending fluid molecules surrounding the particles. Furthermors,
the extended period of time required to setile very fine PHA particles
intreduces the problem of basterial contamination ang Subseqdem
biodegradation of the particle suspension.

15 Based on the foregoing, there is 2 need for a simple and economical
process for recovering bioplastics from g large-scale biological source.
Such a process would preferably be easily adaptable as an integral part of
the agricultural production of bioplastics.

It is therefore an object of the present invention to provide a process

Do 20 for recovering bioplastics from a biclogical source material.
N SUMMARY

The present invention relates to a process for recovering
polyhydroxyalkanoale from a biclogical source material comprising the
::::': polyhydrexyalkanoate, the process comprising: &) comminufing the
n 25 biclogical source material; b) air classifying the biological source material
such that the polyhydroxyalkanoate panicles are separated from other
et components of the biological source material, and c) recovering the

B polyhydraxyalkanoate.
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2a
Threughout the description and claims of this specification, the word
“comprise” and variations of the word, such as "comprising” and “comprises”, is
not intended to exclude olher additives, compenents, integers or steps.
BRIEF DESCRIPTION OF THE DRAWING

Figure 1 is a block diagram flow chart outlining an embodiment of the

[4,]

process of the present inventien of recovering polyhydroxyalkanoate from a
biclogical source material, In the embodiment depicted, pelyhydroxyalkanoate is

uitimately recovered from the second coarse fraction.

DETAILED DESCRIPTION

10 The present invention answers the need for a process for recovering
bioplastics from a biological source material.

The foliowing is a list of definitions for terms used herein.
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"Air classification” means the separation of solid particles according
to weight andfor size, by suspension in and settling from an air stream of
appropriate velocity, as in air floated particulate products. Air classification
may be accomplished by dropping the particles to be separated from within
a tower in which such an air stream exists. Air classification may also be
accomplished by using a cyclone separator. A cyclonic collector is a
stationary device with no moving parts which converts the entering gas
stream to a vortex. Centrifugal force acting on the particles in the gas
stream causes the parlicles to migrate to the outside wall where they are
collected by inertial impingement. (See, for example, KIRK-OTHMER
ENCYCLOPEDIA OF CHEMICAL TECHNOLOGY, 3rd ed., Vol. 1, pp. 649-716).

"Comprising" means that other steps and other ingredients which do
not affect the end result can be added. This term encompasses the terms
"consisting of* and "consisting essentially of".

"u" means micron(s).

“Polyhydroxyalkanoate" and "PHA" mean a polymer having the
following general structure:

i 0

CH c

07" CH,)
n

wherein R is preferably an alkyl or alkenyl, m is 1 or 2, and n is an integer.
The structure enclosed in brackets is commonly referred to as a repeating
unit.  The terms polyhydroxyalkanoate and PHA include polymers
containing one or more different repeating units. Examples of preferred
PHAs recoverable by the present process included those disclosed in U.S.
Patent Application Ser. No. 08/187,969, Neda, filed January 28, 1994; U.S,
Patent Application Ser. No. 08/188,271, Noda, filed January 28, 1994; U.S.
Patent Application Ser. No. 08/189,029, Noda, filed January 28, 1994; and
European Patent Application Ser. No. 533 144, Shiotani and Kobayashi,
published March 24, 1993.

"Recovering polyhydroxyalkanoate from a biclogical source material”,
in addition to referring to the recovery of the partilcular PHA produced by a
biological source material which produces a single PHA, also refers to the
recovery of one or more types of PHA when the biclogical source material
produces more than one type of PHA.
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"Alkyl" means a carbon-containing chain which may be straight,
branched or cyclic, preferably straight; substituted (mono- or poly-) or
unsubstituted; and saturated.

"Alkenyl" means a carbon-containing chain which may be straight,
branched or cyclic, preferably straight; substituted (mono- or poly-} or
unsubstituted; and monounsaturated (i.e., one double or triple bond in the
chain), or polyunsaturated (i.e., two or more double bonds in the chain, two
or moare triple bonds in the chain, or one or more double and cne or more
triple bonds in the chain).

The present invention relates to a process for recovering {i.e.,
isolating) polyhydroxyalkanoate from a biological source material
comprising the polyhydroxyalkanoate, the process comprising:  a)
comminuting the biological source material; b} air classifying the biological
source material such that the polyhydroxyalkanoate particles are separated
from other components of the biclogical source materiai; and ¢) recovering
the polyhydroxyalkanoate.

Biological Source Material

Sources from which PHA is recovered via the process of the present
invention include single-cell organisms such as bacteria or fungi and higher
organisms such as plants (herein collectively referred to as "biological
source material” or "BSM"). While such BSM could be wild-type organisms,
they are preferably genetically manipulated species specifically designed
for the production of a specific PHA of interest to the grower. Such
genetically manipulated organisms are produced by incorporating the
genetic information necessary to produce one or more types of PHA
Typically, such genetic information is derived from bacteria which naturally
produce PHA.

Plants useful in the present invention include any genetically
engineered plant designed to produce PHA. Preferred plants include
agricultural crops such cereal grains, oil seeds and tuber plants; more
preferably, avocado, barley, beets, broad bean, buckwheat, carrot, coconut,
copra, corn {maize), cottonseed, gourd, lentils, lima bean, millet, mung
bean, oat, oilpalm, peas, peanut, potato, pumpkin, rapeseed (e.g., cancla),
rice, sorghum, soybean, sugarbeet, sugar cane, sunflower, sweetpotato,
tobacco, wheat, and yam. Such genetically altered fruit-bearing plants
useful in the process of the present invention include, but are not limited to,
apple, apricot, banana, cantaloupe, cherries, grapes, kumauat, lemon, lime,
orange, papayas, peaches, pear, pineapple, tangerines, tomato, and
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watermeion, Preferably the plants are genetically engineered to produced
PHA pursuant to the methods disclosed in Poirier, Y., D.E. Dennis, K
Klomparens and C. Somerville, "Polyhydroxybutyrate, a biodegradable
thermoplastic, produced in transgenic plants”, SCIENCE, Vol. 256, pp. 520-
523 (1992); U.S. Patent Application Ser. No. 08/108,193, Somerville,
Nawrath and Poirier, filed August 17, 1993; and U.S. Patent Application Ser.
No. 07/732,243, Somerville, Poirier and Dennis, filed July 19, 1891
Particularly preferred plants are soybean, potato, corn and coconut plants
genetically engineered to produce PHA.

Bacteria useful in the present invention include any genetically
engineered bacteria designed to produce PHA, as well as bacteria which
naturally produce FHA. Examples of such bacteria include those disclosed
in NOVEL BIODEGRADABLE MICROBIAL POLYMERS, E.A. Dawes, ed., NATO ASI
Series, Series E: Applied Sciences - Vol. 186, Kluwer Academic Publishers
(1990); US Patent 378,155, Pecples and Sinskey, issued December 27,
1989; US Patent 5,250,430, Peoples and Sinskey, issued October 5, 1993;
US Patent 5,245,023, Peoples and Sinskey, issued September 14, 1993;
US Patent 5,229,279, Peoples and Sinskey, issued July 20, 1993.

It is preferabie that the BSM contain a sufficient quantity of PHA to
make the process economically desirable. Preferably, the initial content of
PHA in the source material should be at least about 5% of the total dry
weight, more preferably at least about 25%; more preferably at least about
50%; more preferably still, at least about 75%.

Isolation Process

The size of the PHA particles found in the BSM will vary, depending
upon a variety of factors, including the type of BSM and the organelle in
which the PHA is stored in the BSM.  As a result, the air-classification
fraction (fines or coarse) in which the PHA is ultimately recovered from will
vary depending upon the size of the PHA particles relative to the particle
size of the other BSM components.

The process of the present invention yields at least about 70% of the
PHA in the source material, more preferably at least about 80%, more
preferably still at least about 90%.

Preferably, at least about 85% of the dry mass of the PHA-rich
fraction ultimately recovered by the process of the present invention is PHA,
more preferably at least about 95%, more preferably still at least about 99%.
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A. Recovery of PHA from the Fines Fraction

PHA is typically produced in the BSM as particles having a diameter
of about 1. At 1 p, the PHA particles are typically one of the smallest size
components of the BSM, particularly in comparison to the protein and
carbohydrate particles.

In one embodiment of the present invention, the BSM is finely
greund, for exampie in a pin mill, so that at least about 90% of the particles
are at least less than about 100 i in diameter, such as in a pin mill. The
comminuted BSM is then air classified to produce a fines fraction,
containing the finer particles in the comminuted BSM (preferably at least
about 90% are about 1 p in diameter), and a coarse fraction, containing the
targer particles in the BSM. Air classifiers useful in the present inventicn
preferably invclve feeding the particles into a rotor by means of mixing them
with an air stream which flows directly through the rotor. The centrifugal
force supplied by the rotor moves the coarse particles to the wall of the
rotor. The fine particles go through the rotor with the air stream because
they have a smaller mass to size ratio. The air flow rate and the rotor speed
are important variables which vary depending upon the material being
separated and the air classifier being used. Generally, the fines fractions
will be higher in PHA concentration. The fine grinding and air classification
may be accomplished by any convenient method, For example, Pfeiffer,
V.F., A.C. Stringfellows, and E.L. Griffin, Jr., "Fractionating Corn, Sorghum
and Soy Flours by Fine Grinding and Air Classification", AMERICAN MILLER
AND PROCESSOR, August 1960, pp. 11-13, 24, discloses one known method
for carrying out fine grinding and air classification. At this point the fines
fraction may then be washed in water, or in a 20 to 80% by weight agueous
alcoho! solution of methano!, ethanal or isoprepanol. The solvent to BSM
ratio is preferably from about 4:1 to about 20:1. The solid PHA-containing
concentrate can be separated from the liguid supernatant by filtration,
centrifugation, or any other convenient method.

B. Recovery of PHA from the "Second Coarse Fraction”

In another embodiment of the present invention, particularly where
PHA particles ocecurring in the BSM are not necessarily the smallest size
particle, the PHA particles may be recovered by the following process:
Referring to Figure 1, the BSM (1) is finely ground so that at least about
90% of the particles are at least less than about 100 p in diameter. Then,
the comminuted BSM is subjected to the first air classification step to
produce a first fines fraction of from about 60 to about 90% by weight (2)
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and a first coarse fraction (3) which is discarded or recycled. The 60 to
80% range allows a preferred balance between vyield and high PHA
concentration. As the desired PHA concentration is increased, the amount
of concentrate that can be obtained decreases.

The first fines fraction (2) from above is then ultra finely ground,
preferably in a fluid energy mill, so that at least about 90% of the particles
are less than about 20 p in diameter. A vibration energy mill or other
suitable apparatus may also be used. A larger size limitation will now allow
a good separation in the following air classification step.

The ultra-finely ground BSM is then subjected to a second air
classification step. A second coarse fraction (5) of from about 50 to about
90% by weight is removed. The second fines fraction (4) is discarded or
recycled. The 50 to 90% range is preferred because it allows for a
preferred balance between yield and high PHA concentration. The second
coarse fraction (5), which is the ultimate product of the two air classification
steps, should constitute about 30 to about 80% by weight of the original
starting BSM, more preferably from about 40 to about 60%. |f the two air
classification steps are carried out at the above-described conditions, the
ultimate product will preferably fall within the 30 to 80% range. Again, this
range provides a preferred balance between yield and high concentration.
If higher yields are obtained, the PHA level is reduced. It is possible to
obtain very high PHA concentrations, but the small yield makes it
uneconomical to do so.

The second coarse fraction (5) is then washed in water, orina 20 to
80% by weight agqueous alcohol solution of methanol, ethanol or
isoprapanol. The solvent to BSM ratio is preferably from about 4.1 to about
20:1. The solid PHA-containing concentrate (6) can be separated from the
liquid supernatant by filtration, centrifugation, or any other convenient
method.

This pracess produces a PHA concentrate which contains at least
about 70% PHA, more preferably at least about 80% PHA, more preferably
at least about 85% PHA, more preferably at least about 90% PHA, more
preferably still at least about 90% PHA.

To obtain 2 PHA concentrate with even less undesirable material, the
first fines fraction is air classified again; this time, a second coarse fraction
containing the PHA is taken off. The second fines fraction will contain some
of the finer undesirable materials. More preferably, the fines fraction from
the first air classification step, the first fines fraction (2), is ultra-finely
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ground and then air classified again. The PHA is contained in the coarse
fraction of this second air classification, i.e., the second coarse fraction (5).
Without being bound by thecry, it is believed that the undesirable materials
left in the first fines fraction after the first air classification step, which
normally are not separated from the PHA during this step, are separated
from the PHA during the second air classification step when the first fines
fraction is ground to an ultra-fine particle size before it is air classified the
second lime.

C. Controlling the Fraction (Fines or Coarse) in Which PHA is Recovered
From

Other embodiments of the present invention include manipulation of
the relative BSM component particle sizes via varying levels of grinding
prior to the air classification(s), Such size manipulation is facilitated by the
fact that PHA does not absorb water, whereas components such as proteins
and carbohydrates de. |If, prior to air classification, it is desirable to have
the PHA particles smaller than the other BSM components, then the BSM is
hydrated with water. Following hydration, the BSM is subjected to grinding.
The hydrated components will be more difficult to grind into very small
partictes, whereas the PHA (which has not been hydrated) will be easily
ground into very small particles. In such a procedure, the majority of the
PHA particles would occur in the fines fraction,

Alternatively, the BSM can be dehydrated. In this state, the other
components are capable of being finely ground intc particles much smalier
than the PHA. In this procedure, the majority of the PHA particles would
occur in the coarse fraction.

All percentages -are by weight of total composition unless specifically
stated otherwise.

The PHAs recoverad by the process of this invention are useful for
forming a variety of plastic ariicles, including those disclosed in US Patent
Application Ser. No. 08/187,968, Noda, filed January 28, 1994; US Patent
Application Ser. No. 08/188,271, Neda, filed January 28, 1994; and US
Patent Application Ser. No. 08/189,029, Noda, filed January 28, 1994,
Such plastic articles include, but are not limited to, films, sheets, foams,
fibers, nonwovens, elastomers, adhesive and molded articles. Such plastic
articles can be further incorporated into a variety of useful products
including, but not limited to, personal cleansing wipes; disposable health
care products such as bandages, wound dressings, wound cleansing pads,
surgical gowns, surgical covers, surgical pads; other institutional and health
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care disposables such as gowns, wipes, pads, bedding items such as
sheets and pillowcases, foam mattress pads.

The following non-limiting examples illustrate the methods of the
present invention.

EXAMPLE 1
Isolation of Poly(3-hvdroxybutyrate-co-3-hydroxyoctanoate) from Maize

Grains of maize (corn), from a genetically altered maize plant, comprising
poly{3-hydroxybutyrate-co-3-hydroxyoctanoate) are hammer milled to form
meal. The low molecular weight lipids and oils contained in the meal are
removed first by pressing the flakes and then further extracted by using
hexane as the solvent. The meal is then washed with 40% water / 60%
ethanol mixture to remove other scluble components such as sugars. The
resulting defatted and desugared meais are then finely pulverized using a
fluid energy mill {Fluid Energy Aljet, Plumsteadville, PA) at a feed rate of
100 grams/min, such that 90% of the particles are less than 10 p in diameter
and 40% are less than about 2 p in diameter . This milled sample is air
classified using an air classifier (Alpine 100 MZR, Summit, NJ) to produce a
46% fines fraction, and a 54% coarse fraction in which 9% of the particles
are less than 15 p in diameter and no more than about 10% are less than 2
L in diameter. The air flow rate is 37 cubic meters per hour and the rotor
speed is 13,000 revolutions per minute. The fines fraction is then subjected
to chloroform extraction foliowed by methano! precipitation to produce
poly(3-hydroxybutyrate-co-3-hydroxyoctanoate) particles having a purity of
about 85% or higher, and a vield of about 80% or higher with respect to the
starting material.

EXAMPLE 2
Isolation of Poly(3-hydroxybutyrate-co-3-hydroxyhexanoate) from Tobacco
Dried leaves fram a genetically altered tobacco plant, comprising poly(3-
hydroxybutyrate-co-3-hydroxyhexanoate) are finely ground so that 80% of
the particles are less than 60 p in diameter using a grinding mill {(Alpine
Koliopiex 180 mill, Summit, NJ). The low molecular weight components
contained in the leaves are removed prior to the grinding by using hexane
as the solvent and washed with 40% water / 60% ethanol mixture to remove
other soluble components. After milling, the tobacco leaf flour is air
classified using an laboratory, air classifier (Alpine 100 MZR, Summit, NJ) to
yield a 75% first fines fraction in which 90% of the particles are less than 40
L in diameter, and a 25.6% first coarse fraction, The air flow rate is 45.25
cubic meters per hour and the rotor speed is 4,750 revolutions per minute.
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The first fines fraction is milled such that 90% of the particles are less than
about 15 y in diameter and 40% are Iess than 4 n in diameter using a fluid
energy mill (Fluid Energy Aljet, Plumsteadville, PA) at a feed rate of 100
grams/min. This milled sample is again air classified to yield a 46% second
fines fraction, and a 54% second coarse fraction in which 8% of the
particles are less than 15 p in diameter and no more than about 10% are
less than 4 p in diameter. The air flow rate is 37 cubic meters per hour and
the rotor speed is 13,000 revolutions per minute. Each of these fractions
(first coarse, second coarse, and second fines fractions) are then washed at
room temperature for 1 heur with water using a 10:1 water:tobacco leaf flour
ratio. The mixture is centrifuged and the recovered residue is rewashed in
the same way using a 51 water:tobacco leaf flour ratic. The residue is
again recovered by centrifugation and is then freeze-dried. Poly(3-
hydroxybutyrate-co-3-hydroxyhexanoate) is recovered from each of the
fractions by chloroform extraction followed by methanot precipitation.
EXAMPLE 3
Isolation of Poly(3-hydroxybutyrate-co-3-hydroxyvalerate) from Soybeans

Grains from a genetically altered soybean plant, comprising poly(3-
hydroxybutyrate-co-3-hydroxyvalerate} are hammer milled to form meal,
The low molecular weight lipids and oils contained in the meals are
removed first by pressing the flakes and then further extracted by using
hexane as the solvent. The meal is then washed with 40% water / 60%
ethanol mixture to remove other soluble components such as sugars. The
resulting defatted and desugared meal is partially hydrated to the moisture
level of 15% by mixing with a predetermined amount of water in a sealed
container at 65°C for three hours. The meal is then finely pulverized using
a fluid energy mill (Fluid Energy Aljet, Plumsteadville, PA) at a feed rate of
100 grams/min, such that 60% of the particles are less than 100 p in
diameter and 30% are less than 30 u in diamster. The milled sample is
subsequently air classified using an air classifier (Alpine 100 MZR, Summit,
NJ) to produce a 26% fines fraction, and a 74% coarse fraction in which
19% of the particles are more than 150 p in diameter and no more than
about 10% are more than 300 p in diameter. The air flow rate is 38 cubic
meters per hour and the rotor speed is 13,000 revolutions per minute. The
fines fraction is then subjected to chloroform extraction followed by
methanol  precipitation to  produce  poly(3-hydroxybutyrate-co-3-
hydroxyvalerate) particles having a purity of about 85% or higher, and a
yield of about 80% or higher with respect to the starting material.
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EXAMPLE 4
Isolation of Poly{3-hydroxybutyrate-co-3-hydroxvdecangate) from Coconuts
Coconut seeds from a genetically altered coco palm plant, comprising
poly(3-hydroxybutyrate-co-3-hydroxydecanoate) are shredded to form thin
flakes. The low molecular weight oils contained in the coco meal are
removed first by using hexane as the solvent and washed with 40% water /
60% ethanol mixture to remove other soluble components such as sugars.
The resulting defatted and desugared flakes are thoroughly dried to the
moisture level of less than 1.5% by a low-pressure oven for sixteen hours.
The flakes are then finely pulverized using a fluid energy mill (Fluid Energy
Aljet, Plumsteadville, PA) at a feed rate of 100 grams/min, such that 30% of
the particles are less than 15 p in diameter and no more than about 10%
are less than 5 p in diameter. The milled sample is subsequently air
classified using an air classifier {Alpine 100 MZR, Summit, NJ) to produce a
38% fine fraction and a 62% coarse fraction. The air flow rate is 32 cubic
meters per hour and the roter speed is 14,000 revolutions per minute. The
coarse fraction is then subjected to chloroform extraction followed by
methanol  precipitation to  produce  poly{3-hydroxybutyrate-co-3-
hydroxydecanoate) particles having a purity of about 95% or higher, and a
yield of about 85% cr higher with respect to the starting material.
EXAMPLE 5
Isolation of Poly({3-hydroxybutyrate) from A. eutrophus

A culture of Alcaligenes eutrophus which naturally produces poly(3-
hydroxybutyrate) is treated with an ultrasonic sonicator (Branson Ultrasonic
Corp., Dandury,CT) to produce a suspension mixture consisting of fine
granules poly(3-hydroxybutyrate) having an average particle size of less
than 1 p and other bacterial biomass debris containing about 20% solids by
weight. The suspension is then freeze dried and subsequently pulverized
using a fluid energy mill (Fluid Energy Aljet, Plumsteadville, FA) at a feed
rate of 100 grams/min, such that S0% of the particles are less than S u in
diameter. The milled sample is subsequently air classified using an air
classifier (Alpine 100 MZR, Summit, NJ). The air flow rate is 34 cubic
meters per hour and the rotor speed is 12,000 revolutions per minute. The
fines fraction is then subjected to chloroform extraction followed by
methancl precipitation to produce poly(3-hydroxybutyrate) particles having a
purity of about 95% or higher, and a yield of about 85% or higher with
respect to the starting material.
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EXAMPLE &

Isolation of Poly(3-hydroxybutyrate-co-3-hydroxyheptanoate) from E. coli
A culture of £ coli which has been genetically manipulated to produces
poly(3-hydroxybutyrate-co-3-hydroxyheptanoate) is treated with an
ultrasonic sonicator (Branson Ultrasonic Corp., Dandury,CT) to produce a
suspension mixture consisting of fine granules of poly(3-hydroxybutyrate-
co-3-hydroxyheptanoate) having an average particle size of 2 p and cther
bacterial biomass debris containing about 5% solids by weight. The
suspension is then freeze dried and subsequently pulverized using a fluid
energy mill (Fluid Energy Aljet, Plumsteadville, PA) at a feed rate of 100
grams/min, such that 90% of the particles are less than 5 p in diameter .
The milled sample is air classified using an air classifier (Alpine 100 MZR,
Summit, NJ). The air flow rate is 34 cubic meters per hour and the rotor
speed is 12,000 revolutions per minute. The fines fraction is then subjected
to chloroform extraction followed by methanol precipitation to produce
poly(3-hydroxybutyrate-co-3-hydroxyheptanoate) particles having a purity of
about 97% or higher, and a yield of about 90% or higher with respect to the
starting material,

All publications and patent applications mentioned hereinabove are
hereby incorporated in their entirety by reference.

It is understood that the examples and embodiments described
herein are for illusirative purposes only and that various modifications or
changes in light thereof will be suggested to one skilled in the art and are to
be included in the spirit and purview of this application and scope of the
appended claims.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1 A process for recovering polyhydroxyalkanoate from a biclegical source

imaterial comprising the polyhydroxyalkanoate, the process comprising:

(2)  comminuting the biclogical source material;

(b) air classifying the biological source material such thal the
polyhydroxyalkanoate particles are separated  from  other
tomponents of the biological seurce material; and

{c)  recovering the polyhydroxyalkanoate.

2, A process for recovering polyhydroxyalkanoate from a biclogical source

material comprising the palyhydroxyalkanoate, the process comprising:

(@)

fine grinding the biological source material such that the other
components of the biological source material are no less than about
10 p in diameter;

air classifying the biological source material from step (a) to produce
a fines fraction and a coarse fraction and removing the ccarse
fraction;

washing the fines fraction with a solution of water ar 2 20 to 80% by
weight aqueous aleohoiic  solution, and  separafing a
polyhydroxyalkanoate-containing  residue  from  the liquic

supernatant.

3 A pracess for recovering polyhydroxyakkanoate from 2 biological source

material comprising the polyhydroxyalkanoate, the process comprising:

(a}

fine grinding the biological source material such that at least about
90% of the particles have a particle size of less than about 100 1 in
diameter;

air classifying the biclegical source material from step () to produce
a first fines fraction and a first coarse fraction and removing the first
fines fraction which is from about 60 to about 90% by weight of the
ground bialogical source material and wherein at least about 80% of

the first fines fraction particles are less than about 45 p diameter;
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(¢)  ultradfingly grinding the first fines fraction from step (b) so that at
least about 90% of the particles are less than 20 p in diameter,
{d)  air classifying the ground first fines fraction from siep (¢) to produce
a second fines fraction and a second coarse fraction and removing
the second coarse fraction which is from about 50 to about 80% by
weight of the ground first fines fraction and wherein at least about
80% of the second coarse fraction particles are less than about 20
in diameter; and
() washing the second coarse fraction with a solution consisting of
water at & pH of from about 4 to about 6 or a 20 to 80% by weight
aqueous aicoholic solution, and separating a palyhydroxyaltkanoate-
containing residue from the fiquid supernatant.
4. The process of any one of claims 1.3, wherein the biological source
malerial is plant material.
5. The process of any one of claims 1-3, wherein the biological source
material is avocado, barley, beets, broad bean, buckwheat, carot, coconut,
copra, corn, coftonseed, gourd, lentils, lima bean, millet, mung bean, cat, oilpalm,
peas, peanut, potato, pumpkin, rapeseed, rice, sorghum, soybean, sugarbeet,
sugar cane, sunflower, swestpotato, tobacco, wheat, yam, apple apricot, banana,
cantaloupe, cherries, grapes, kumquat, iemon, lime, orange, papaya, peaches,
pear. pineapple, tangerines, tomato, or watermelon.
8. The process of any one of claims 1-3, wherein the biclogical source
material is soybean.
7. The process of any one of claims 1-3, wherein the biolagical source

material is bacteria.

8. The pelyhydroxyalkanoate recovered by the process of any one of claims
1-3,
9. The peivhydroxvalkancate recovered by the process in claim 1, wherein

the biological source material is plant material.

10.  The polyhydroxyalkancate recovered by the process of claim 2, wherein

the biological source materizl is bacteria.
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11, The process of claim 1 substantially as herein described with reference o

the drawing,

DATED: 14 necember 1998

PHILLIPS ORMONDE & FITZPATRICK

Attarneys for;
THFE PROCTER & GAMBLE COMPANY
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