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"presént invention relates to biodegradable resin conpositions. Mre
specifically, the present invention relates to a biodegradaﬂmem '
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bi odegradabl e resin conposition with inproved biodegradability;
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resin composition having an additional useful function. 15 BACKGROUND ART

Pl asti cs have conventionally been used ip-a wide variety ogmmmmmmmmmﬂmm
they are |lightweight, durable and excellent in nolding pro

t he ot her

t he

10

15

20

25

use
On

hand, however, plastics pgesegpesmwery little under 26e0mad ur al

environnmental conditions. Therefore, if disposed of by underground burial,
pl astics remain al nost permanently. |If plastics are di sposed of by
I ncineration, problens arise such as the generation of toxic gas or
damage to the incinerat orBIODESRADNBOEARESTINpCAMPOSITHIANS25 been focused on
as an environnmental problem -2- Therefore, with the purpose of protecting

IECHNICAL FIELD

The present invention relates to biodegradable
resin compositions. More specifically, the present
invention relates to a biodegradable resin composition
that can be produced at reduced cost while maintaining the
strength and physical properties of the biodegradable
resin; a biodegradable resin composition with improved
biodegradability; and a resin composition having an

additional useful function.

BACKGROUND ART

Plastics have conventionally been used in a wide
variety of fields because they are lightweight, durable
and excellent in molding processability. On the other
hand, however, plastics decompose very little under
natural environmental conditions. Therefore, if disposed
of by underground burial, plastics remain almost
permanently. If plastics are disposed of by incineration,
problems arise such as the generation of toxic gas or
damage to the incinerator. The disposal of plastics has

been focused on as an environmental problem.



. gl gbal environment, there have been active attenpts to devel op
"bi odégr adabl e resins. Biodegradable resins are currently classified into

the follow ng groups: 5 chemically synthesized resins such as
pol ycaprol actone, polylactic acid, polyvinyl alcohol, polybutylene
succi nate and copolynmers thereof; mcrobially produced resins such as
pol yhydr oxybut yrat e/ val erate copol yners; and 10 natural product-derived
resins such as acetyl cellulose. Further, there is a proposal to add
starch or processed starch to these respns in order to reduce the cost and
i nprove biodegradability (Japanese Unexam ned Patent 15 Publications Nos.

14228/ 1990, 31333/ 199had43%hY,1992h th3lph2hd8830angra0d88ind %4s . The
addition of starch, etc. to biodegradable resin inproves biodegradability

but sever el ygiash esnvistoreregtth, thlezeghivenbesh andivekatteapesi cal

properties 20 required of the resin conposition and nol dings thereof, thus
causi ng t he ggoublamhirdegtesiatdsulreisigspr obliedsg radatvle fasigid ereTher ef or e,
inreality, thereis a_limtation on the proportion of starch to resin and
the desiredw&ostntlykasified dotoyshepdedlavhnevedoups: - 3- DI SCLOSURE OF

| NVENTI ON ) . .
5 chemically synthesized resins such as polycaprolactone,

polylactic acid, polyvinyl alcohol, polybutylene
succinate and copolymers thereof;
microbially produced resins such as
polyhydroxybutyrate/valerate copolymers; and
10 natural product-derived resins such as acetyl
cellulose.
Further, there is a proposal to add starch or processed
starch to these resins in order to reduce the cost and
improve biodegradability (Japanese Unexamined Patent
15 Publications Nos. 14228/1990, 31333/1991, 248851/1992,
331315/1993 and 207047/1994).

The addition of starch, etc. to biodegradable
resin improves biodegradability but severely reduces
strength, elongation (%) and like mechanical properties

20 required of the resin composition and moldings thereof,
thus causing the problem that the resulting products
become fragile. Therefore, in reality, there is a
limitation on the proportion of starch to resin and the

desired cost reduction has not yet been achieved.

25



., An.opj ect of the present invention is to provide a biodegradable resin
‘conpoOsition with inproved biodegradability while substantially maintaining
the 5 nechani cal properties of the biodegradable resin. Another object of
the invention is to provide a biodegradable resin conposition that can be
produced at reduced cost while substantially maintaining the nechanical
properties of the biodegradable resin. A further object of the 10 invention
is to provide a biodegradable resin conposition wth an additional useful
function while substantially nmaintaining-the nmechanical properties of the
bi odegradable resin. The present inventors carried out intensive 15
research day and ni ght to achpesgerbder@boyernohineciay and found that the
addi ti on of a mannan di gestion product to a biodegradable resin can
provide a resin conpodir iokjewtt bf ithpr pregdeht odngeatabnl isytangrévuidder nore
can produce the resin conposition and noldings thereof at a | ower cost 20
t han t he si reglkel gy Efdd led egrsddalklompoedithonhwli eht heproeedani cal properti es
of the resin conposition and noldings thereof are substantially equival ent
to those of bidnednastdyrlddabwhilesismbstdnmbbdiygmaineagningThiee inventors
further found the follow ng specific effect of 25 the resin conposition
conpri si Ag dMefFifidddnaparddies &fdthe. baopgarandablgesesdn. pdntdier t he

resin compositjon c . . . , .
P objec é¥]the invention is to provide a biodegradable

resin composition that can be produced at reduced cost
while substantially maintaining the mechanical properties
of the biodegradable resin. A further object of the

10 invention is to provide a biodegradable resin composition
with an additional useful function while substantially
maintaining the mechanical properties of the biodegradable
resin.

The present inventors carried out intensive

15 research day and night to achieve the above objects and
found that the addition of a mannan digestion product to a
biodegradable resin can provide a resin composition with
improved biodegradability and furthermore can produce the
resin composition and moldings thereof at a lower cost

20 than the single use of biodegradable resin while the
mechanical properties of the resin composition and
moldings thereof are substantially equivalent to those of
the biodegradable resin and moldings thereof. The
inventors further found the following specific effect of

25 the resin composition comprising a biodegradable resin and



. adsorb bacteria to different degrees depending on the nmannan digestion
“product content of the resin conposition. The inventors confirned that
various products with 5 antimcrobial barrier properties can be produced by
using the above-nentioned resin conposition. The bacterial adsorption or
adhesi on peculiar to the resin conposition of the invention is presumably
one of the causes of the excellent biodegradability of the resin
conposition of the 10 invention. The present invention has been devel oped
based on these novel findings. Mre spegifically, the invention provides
the foll ow ng bi odegradabl e resin conpositions: 15 20 25 Item1. A

bi odegr adabl£ M@shan cpigeast idroprduyd:Sithe @eshhodegpasgabienreshn and a
mannan di gestion product. Item 2. The bi odegradabl e resin conposition
accordi ng toadsden Haatheria rtd b fifieoseyr deglreesr deprndingnonathehati c
pol yester. Item 3. The bi odegradable resin conmposition according to iteml
wher ei n t he ey rdtads bl orepreductatconteast ofnsheerbeinsepoposttionm t he
group consisting of polyhydroxybutyrate, polylactic acid,
pol ycapr ol actRmelnpRAYDid yFaHel tinst i thate varpelgbprpPEaESsWéEnat e/ adi pat e,
p0|ybUtygen?antimicrobial barrier properties can be produced by using
the above-mentioned resin composition. The bacterial
adsorption or adhesion peculiar to the resin composition
of the invention is presumably one of the causes of the
excellent biodegradability of the resin composition of the
10 invention. The present invention has been developed based
on these novel findings. More specifically, the invention
provides the following biodegradable resin compositions:
Itém 1. A biodegradable resin composition comprising a
biodegradable resin and a mannan digestion
15 product.
Item 2. The biodegradable resin composition according to
. item 1 wherein the biodegradable resin is an
aliphatic polyester.
Item 3. The biodegradable resin composition according to
20 item 1 wherein the biodegradable resin is at
least one member selected from the group
consisting of polyhydroxybutyrate, polylactic
acid, polycaprolactone, polybutylene succinate,

polybutylene succinate/adipate, polybutylene

25 succinate carbonate, polyvinyl alcohol and




, succj nate carbonate, polyvinyl alcohol and -5 cellul ose acetate. |[tem 4.
"The bi'odegradabl e resin conposition according to item 1 wherein the
bi odegradable resin is a polylactic acid polynmer. 5 Item5. The
bi odegradabl e resin conposition according to item4 wherein the polylactic
acid polymer is a a honopol ymer or copolymer of lactic acid (polylactic
acid), or at |east one copolyner of Ilactic acid and at | east one nenber
selected 10 fromthe group consisting of cyclic lactone, glycolic acid, a-
hydr oxybutyri c acid, a- hydroxyi sobutyrig-aci d, a-hydroxyval eric acid,
hydr oxypent anoi ¢ aci d, hydroxycaproic acid, hydroxyheptanoic acid,
hydr oxyoct anoi ¢ aci d, déllkilvdeneatlareql , pol yet hyl ene gl ycol, 1, 4-
but anedi ol , succinic acid and sebacic acid. Item 6. The bi odegradabl e resin
conposi ti on Eceordi ng Tiee bietagradadilel resie bomgegiadehl aceesiingsta
polylactic acid. 20 Item 7. The bi odegradabl e resin conposition according
to item 1 wherein theltgrodegihetsine thesbnobagradahligbeesaueiaga nol ecul ar
wei ght of 20,000 or nore and a nmelting _point of 70C or higher. Item8. The
bi odegr adabl e resin cAd@posiadioit Asder Podymes -

5 TItem 5. The biodegradable resin composition according to
item 4 wherein the polylactic acid polymer is a
a homopolymer or copolymer of lactic acid
(polylactic acid), or at least one copolymer of
lactic acid and at least one member selected

10 from the group consisting of cyclic lactone,
glycolic acid, o- hydroxybutyric acid, o-
hydroxyisobutyric acid, a-hydroxyvaleric acid,
hydroxypentanoic acid, hydroxycaproic acid,
hydroxyheptanoic acid, hydroxyoctanoic acid,

15 ethylene glycol, polyethylene glycol, 1,4-
butanediol, succinic acid and sebacic acid.

Item 6. The biodegradable resin composition according to
item 1 wherein the biodegradable resin is a
polylactic acid.

20 Item 7. The biodegradable resin composition according to
item 1 wherein the biodegradable resin has a
number average molecular weight of 20,000 or
more and a melting point of 70°C or higher.

Item 8. The biodegradable resin composition according to

25 item 1 wherein the mannan digestion product is



.25 item 1 wherein the mannan di gestion product is -6- at |east one nenber
'sel'etted fromthe group consisting of mannool i gosacchari des,
gal act omannan di gestion products and gl ucomannan digestion products. 5
Item 9. The bi odegradabl e resin conmposition according to item 1 wherein
the proportion of the mannan digestion product is 0.05 to 40 w.%relative
to 100 w.% of the biodegradable resin. Item 10. The bi odegradabl e resin
conposition according to 10 15 20 item 1 wherein the proportion of the
mannan digestion product is 1 to 40 wt_gerelative to 100 wt.%of the
bi odegradabl e resin. Item 11. The bi odegradabl e resin conposition according

to item1l which furtheyr LY igRS nfénﬁ:re)ﬁsﬁ,%llec'ﬂéﬁ! @;}H’nn%hagg?gu ltem 12.

The bi odegradabl e resin conposition according to iteml &R t he
crystal nucleating agesdndistitly |FasandeR1786R8ECRg¢aEE] from the group

consisting of talc, boron nitride, calcium “carbonate, nagnesium carbonate
and titanium oxide. galactomannan digestion products and glucomannan
digestion products.

5 TItem 9. The biodegradable resin composition according to
item 1 wherein the proportion of the mannan
digestion product is 0.05 to 40 wt.% relative to
100 wt.% of the biodegradable resin.

Item 10. The biodegradable resin composition according to

10 item 1 wherein the proportion of the mannan
digestion product is 1 to 40 wt.% relative to
100 wt.% of the biodegradable resin.

Item 11. The biodegradable resin composition according to

item 1 which further comprises a crystal
15 nucleating agent.

Item 12. The biodegradable resin composition according to
item 11 wherein the crystal nucleating agent is
at least one member selected from the group
consisting of talc, boron nitride, calcium

20 carbonate, magnesium carbonate and titanium
oxide.
The present invention further provides moldings
produced by molding the above biodegradable resin
compositions. Such moldings include, for example,

25 biodegradable products and products with antimicrobial



.~ The present invention further provides noldings produced by nolding the
‘aboveé ‘bi odegradabl e resin conpositions. Such noldings include, for
exanpl e, 25 bi odegradabl e products and products with antimcrobial -7
barrier properties. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON The mannan

di gestion product used in the present 5 invention is a conpound fornmed by
t he digestion of mannan and conpri sing nmannose. Mannans are

pol ysaccharides mainly consisting of nannose and include those classified
into the followng classes: 10 (1) Pl any-derived mannans: such mannans

i nclude copra neal and flakes from coconut pal ns, Heacra Palm (a plant of
the pal mf amdyrisr gpreddrgidsn South Africa), tsukuneino (a type of yam
mannan, and yamai no (Japanese yan) mannan. 15 (2) d ucomannans:

pol ysacchari des conprising glucose and nannose. Such mannans include, for
exanpl e, mannans from konjac tubers I|Iy, narC|ssus and t he subterranean
stem of Lycoris radiRE3 : ARR &N S ii ENT TGRS conpri sing
gal actose 20 and mannose. Such nannans |nclude for exanpl e, mannans from
| ocust bean gun1 soybé%ﬁ?tWEQQﬁﬁhﬁﬁgﬁéﬁlpﬂoﬁf@d?ﬁéaﬁseéeéﬂ thatpresemon gum

tara gum guar

é%tlon fg a compound formed by the digestion of mannan
and comprising mannose.

Mannans are polysaccharides mainly consisting of
mannose and include those classified into the following
classes:

10 (1) Plant-derived mannans: such mannans include copra
meal and flakes from coconut palms, Heacra Palm (a plant
of the palm family originating in South Africa),
tsukuneimo (a type of yam) mannan, and yamaimo (Japanese
yam) mannan.

15 (2) Glucomannans: polysaccharides comprising glucose and
mannose. Such mannans include, for example, mannans from
konjac tubers, lily, narcissus and the subterranean stem
of Lycoris radiata.

(3) Galactomannans: polysaccharides comprising galactose

20 and mannose. Such mannans include, for example, mannans
from locust bean gum, soybean hulls derived from soybean
seed coat, tamson gum, tara gum, guar gum, etc.

(4) Other mannans: mannans composed of mannose and at
least two other sugars. Such mannans include D-galacto-D-

25 gluco-D-mannan contained in the wood of conifers, and



(4. ath
‘sugat s.

t he wood of conifers,

er

mannans: nmann

ans conposed of mannose and at | east two ot her

Such mannans i nclude D-gal acto-D 25 gl uco-D mannan contained in

and -8- mannan from xant han gum etc. The mannan

di gestion product used in the present invention can be obtained by

di gesting various mannans, including those exenplified above, using a
suitable nethod. 5 For exanple, the foll ow ng nannan di gestion nethods are
known: bi ochem cal dige
pol ysacchari de-di gesting enzynes (mannangse, gal acto- mannanase,
gl uco- mannanase, etc.)

di gesti on neh&gtlen USto 2enElsarrguld) @&lteal i's; and physical digestion nmethods
usi ng high speed stirr

products obtai ned by ttige afveartidiffdstapnmirdadetCaseBe inUsRE pPebbRt

present

nvention. The

stion nmethods directly using
or bacteria producing such enzynes; chem ca
ers or shearers A wide variety of mannan digestion

mannan di gestion product used in the present

I nvention majnvenviemi cad by dEaimedibyt ki geboiagdivgesbuenmarhbags.
However,

t her et o.

a-1,3
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the mannan di

gestion product production nethod is not limted

Thhnﬂhmﬁamgdmﬁﬁﬁﬂ|Qxeanmﬁyad|ah©Wede$slhgraesaiphblthétHod
nannoblose R-1,4 manno
|i ke R-154 2@%%6@1%03%1&h%mJdéélnan@n@a@aplagﬁéﬁraﬁnometggdaccnari de,
R 1,4 galactonanno

nown: Oblgo

triose 1,4 mannotetraose, nethyl R-mannoside and

sacchari de, %alactonannool|gosacchar|de
hemica dlgestlon methods directly using

polysaccharide-digesting enzymes (mannanase, galacto-

mannanase, gluco-mannanase, etc.) or bacteria producing

such enzymes; chemical digestion methods using acids or

alkalis; and physical digestion methods using high speed

stirrers or

shearers. A wide variety of mannan digestion

products obtained by the above digestion methods can be

used in the

present invention. The mannan digestion

product used in the present invention may be obtained by

any of the above digestion methods. However, the mannan

digestion product production method is not limited thereto.

The mannan digestion product includes, for

example, B-1,4 mannobiose, B-1,4 mannotriose, p-1,4

mannotetraose, methyl f-mannoside and like B-1,4

mannooligosaccharides; B-1,6 galactomannooligosaccharide,

B-1,4 galactomannooligosaccharide, o-1,6

galactomannooligosaccharide, a-1,3

galactomannooligosaccharide and like mannooligosaccharides

in which one or two galactoses are bonded to B-1,4

mannobiose,

B-1,4 mannotriose or B-1,4 mannotetraose to



. gal.act omannool i gosacchari de and |i ke mannool i gosaccharides in which one or
'two gal act oses are bonded to R-1,4 25 mannobi ose, R-1,4 nmannotriose or
0-1,4 mannotetraose to -9- form branched structure; gal actomannan di gestion
products such as oligosacchari des obtained by digestion of copra |ees,
coffee | ees, guar gumor |ocust bean gumw th nmannanase; oligosaccharides
wherein glucose or maltose is 5 bonded via a R 1,4 bond to mannotri ose,
mannot etraose or the |ike; and gl ucomannan di gestion products contained in
konjac. For the sake of conveni ence, compgercially available mannan
di gestion products may be used in the 10 present invention. Alternatively,

for exanpl e, fogal bedncked ait Kl @astd 0yl bhiahnaan digeebiahnpdobMct s
extracting gal actomannan fromthe seeds of |ocust, tara or guar plants by

wat er extracsuch as aligbodcqhacidqud abteineantyt Begedicgeat bigcbpea

gal actomannan with an acid or an 15 enzyme such as gal act onannanase and

i sol ati ng t hkeésacedbfee wieds a gudeaumomdioghts tobeBn0gomt @ish, 000,
preferably 10,000 to 20,000. It is also possible to produce glucomannan
di gesti on praneaRa$F; skl IeFRE R ige pohgeeinvigilicaseeort naptodaecésa
konj ac paste and digesting the 20 konjac paste w th gl ucomannanase. These
mannan dﬁges??%ﬂedebﬂu%té?¥wﬂ/QR?QMHQ'FF@@OGﬁlpéﬁghmﬁnﬁeﬁ?FFééssrQéucts and

can be formed. i n any desired shapes, for exanpl es,
Qhe igke;yang gfucoman an dlgesgion roducts contained in

konjac.
For the sake of convenience, commercially

available mannan digestion products may be used in the

10 present invention. Alternatively, for example,
galactomannan digestion products can be obtained by
extracting galactomannan from the seeds of locust, tara or
guar plants by water extraction or alcohol precipitation
and then digesting the galactomannan with an acid or an

15 enzyme such as galactomannanase and isolating the fraction
with a molecular weight of 5,000 to 50,000, preferably
10,000 to 20,000. It is also possible to produce
glucomannan digestion products by swelling konjac powder
with water to produce a konjac paste and digesting the

20 konjac paste with glucomannanase. These mannan digestion
products may be purified or roughly purified products and
can be formed into any desired shapes, for examples,
aqueous solutions, gels and like liquids, semi-liquids,
powders, granules and like solids, or dried products.

25 It is also possible to use mannan digestion



aqueous solutions, gels and like liquids, sem-|iquids, powders, granules
and like solids, or dried products. 25 It is al so possible to use mannan

di gestion -10- product derivatives as nmannan di gestion products in the

i hvention. Mannan di gestion product derivative neans a w de variety of
conpounds produced by a dehydration condensation reaction for formng a
chem cal bond between 5 the hem acetal hydroxyl group of a mannan di gestion
product and ot her substance. The ot her substance bound to the hem acet al
hydr oxyl group includes, for exanple, Ji@ose, ascorbic acid, acrylic acid,
styrene, higher alcohols and derivatives thereof, and aliphatic ethers, 10

| ong- chai n gmoogueterdemt varcisvendd htarnadne digeatpbaspebdubesf uh gRENaAN
di gestion product derivatives include isopropylidene derivatives,

benzyl i dene devenaidves Manbanydénesglipnoprogucy adévesat Ped \d oo ol
derivatives and pyrrolidone derivatives. 15 The bi odegradable resin used in
t he present Wigs el gt yrexhsanperids @uodsicied) bgi gedebgdbgtibe action of

m croorgani sms or enzymes existing in nature such as the soil or sea. Any
known bi oded?eRRENE QD rergtinn fpsefoaminge abcbemgradiabbrdr bstweetisef ul
resins ipclude, 20 for exanple, mcrobially produced resins, natural high
mol ecul aP we' th‘?r%’s‘??%‘fa]s%qfé%’ﬂ@e(ﬂmﬂu@hOﬁoﬁe@épaﬁnvﬁigﬁﬁtl@@si ns and

natural-syntg¥%ééééxgggﬁgtﬁg¥ngﬁg§€%n&23in%he other substance bound to
the hemiacetal hydroxyl group includes, for example,
ribose, ascorbic acid, acrylic acid, styrene, higher
alcohols and derivatives thereof, and aliphatic ethers,

10 long-chain epoxy derivatives and the like. Examples of
useful mannan digestion product derivatives include
isopropylidene derivatives, benzylidene derivatives,
butylene glycol derivatives, polyalcohol derivatives and
pyrrolidone derivatives.

15 The biodegradable resin used in the present
invention means a resin (plastic) digested by the action
of microorganisms or enzymes existing in nature such as
the soil or sea. Any known biodegradable resin may be
used as the biodegradable resin. Useful resins include,

20 for example, microbially produced fesins, natural high
molecular weight resins, synthesized high molecular weight
resins and natural-synthetic polymer composite resins.
Specific examples include aliphatic polyesters such as
polycaprolactone, polylactic acid,

25 polyhydroxybutyrate/valerate; polyvinyl alcohols, acetyl



. Speci fic exanples include aliphatic polyesters such as polycaprol actone,
‘pol ylactic acid, 25 polyhydroxybutyrate/val erate; polyvinyl alcohols,
acetyl -11- cellulose, nethyl cellul ose, ethyl cellul ose, poly-p-
hydr oxybutyric acid and copol yners thereof; polybutylene succinate and
copolynmers thereof; and a starch- caprol actone conplex. 5 Aliphatic
pol yesters and pol yvinyl alcohols are preferred. Especially preferred are
al i phatic polyesters, which are conparatively |ow cost thernoplastic
resins with excellent heat resistance-and can be nelted and nol ded.
Prototype and comrercially avail able 10 bi odegradabl e pl asti cs conposed of

pol yvi nyl aleolnhFosé Nahaxttyl foyl 1enaFel, eethyPoral iulbsepdso ppup- product of
Kuraray Co., Ltd.). Exanples of aliphatic polyesters include polyester

resins such lagdreoxsityciomadisi pgd3 cbpollyfleexy bHeyebe; apbUyb@eppehyner or a
copol ymer of 3- hydroxybutyric acid and other hydroxy fatty acid,

pol yl acti ¢ apiccimsiesgngatomdpyneracttherees; nandaadstakephati ¢ pol yesters
mai nly consisting of glycol and an aliphatic dicarboxylic acid or an
anhydri de t eaRedlapmr gapdsx.and commercial ly avail abl e aliphatic
polyester resins include, for exanple, the resins known by the trade nane
" Bi opol " 9( pol yhydr oxyftkiphatd/npelyepigrsr and polyvinyl alcohols are

preferred. Especially preferred are aliphatic polyesters,

which are comparatively low-cost thermoplastic resins with

excellent heat resistance and can be melted and molded.
Prototype and commercially available

10 biodegradable plastics composed of polyvinyl alcohols
include, for example, “Poval” (trade name, product of
Kuraray Co., Ltd.).

Examples of aliphatic polyesters include
polyester resins such as a resin comprising 3-

15 hydroxybutyric acid homopolymer or a copolymer of 3-
hydroxybutyric acid and other hydroxy fatty acid;
polylactic acid resins, polycaprolacton resins, and
aliphatic polyesters mainly consisting of glycol and an
aliphatic dicarboxylic acid or an anhydride thereof.

20 Prototype and commercially available aliphatic polyester
resins include, for example, the resins known by the trade
name “Biopol” (polyhydroxybutyrate/hydroxyvalerate
copolymer, product of Monsanto Japan, Ltd.), the trade
name “Lacea” (polylactic acid, product of Mitsui Chemicals,

25 1Inc.), the trade name “Lacty” (polylactic acid, product of



.copol ymer, product of Monsanto Japan, Ltd.), the trade nanme ""Lacea"

‘(pol ylactic acid, product of Mtsui Chemicals, 25 Inc.), the trade nane
"Lacty" (polylactic acid, product of -12- Shinmadzu Corporation), the trade
nane "EcoPLA" (polylactic acid, product of Cargill Dow Polyners, LLC), the
trade nanme *"lupec" (polybutylene succinate carbonate, product of

M t subi shi Gas Chem cal Conpany, Inc.), the trade nane 5 ""Lunare SE"
(pol yet hyl ene succi nate, product of N ppon Shokubai Co., Ltd.), the trade
nane "Bionoll e #100011 (pol ybutyl ene sugci nate, product of Showa

Hi ghpol ymer Co., Ltd.), the trade name "Bionolle #3000" (polybutylene

succi nat e/ ad§hpiaiad 00 08 s at WO Juaheok ralewaatdeghpeby Ry l?o@lacﬁig- ),
and the trade nanes "Celgreen PHII and "Cel green P-HB" (polycaprol actones,

products of ddeEidelprdchem cal Jdaehistlr iDes, PollgmprsAl sncyusabhe aredsl ends
prepared by m xing these aliphatic polyesters and starch. Commercially
avai | abl e IBNg ehdigerddu@asl yndiwleame saccénatpl earboiates - Bréduanubact ur ed
by The Ni ppon Synthetic Chem cal |ndustry Co., Ltd. and "' Novon"
manuf act ur edisulhl dvo Gagy fdremiiced. Companyesilns . renthentdadbonameny be used
in mxtures of two or_ nmore. 20 O these aliphatic polyesters, especially
preferred ar%PQHQRﬁuﬁﬁ%:ﬁRﬂ%Mﬁﬁﬁ¥¥§Q9oﬁ§F§ﬂpﬁ§e@hPéPﬁngfOngyﬁbonand an
ali phati ¢ c“éﬁgﬁgg%qiégf?jﬁ%ézs,th%nQ¥g%Ldgame “Bionolle #1000”
(polybutylene succinate, product of Showa Highpolymer Co.,
Ltd.), the trade name “Bionolle #3000” (polybutylene
succinate/adipate copolymer, product of Showa Highpolymer
10 Co., Ltd.), and the trade names “Celgreen PH” and
“Celgreen P-HB” (polycaprolactones, products of Daicel
Chemical Industries, Ltd.).
Also usable are blends prepared by mixing these
aliphatic polyesters and starch. Commercially available
15 Dblend products include, for example, “Mater-Bi”
manufactured by The Nippon Synthetic Chemical Industry Co.,
Ltd. and “Novon” manufactured by Chisso Corporation. The
resins mentioned above may be used in mixtures of two or
more.
20 Of these aliphatic polyesters, especially
preferred are aliphatic polyesters consisting chiefly of
glycol and an aliphatic dicarboxylic acid or an anhydride
thereof, and polylactic acid polymers.

Examples of useful glycols include ethylene

25 glycol, 1,4-butanediol, 1,8-hexanediol, decamethylene



.thereof, and polylactic acid polyners. Exanples of useful glycols include

‘ethylene 25 glycol, 1,4-butanediol, 1,8-hexanediol, decanethylene -13-

gl ycol, neopentyl glycol and 1, 4-cycl ohexane di nethanol. These glycols may
be used in conbinations of two or nore. Exanples of aliphatic carboxylic
acids (or anhydrides thereof) include succinic acid, adipic acid, suberic
acid, 5 sebacic acid, dodecanoic acid, succinic anhydride and anhydrous
adi pic acid. These acids nay be used in conbinations of two or nore.
Useful aliphatic polyesters further incjade high nol ecul ar wei ght

al i phatic polyesters produced by a coupling reaction using diisocyanate,

10 oxazol i negl ge&pPPXie E5&H ¥l Qe ,qaRid1dB 2Rt dimeEXEABL €S Of
polylactic acid polyners include honopolyners or copolymers conprising

lactic acid Hseae gbpooks mayysnaded Aol WoadlinatdohdShf €NBObYMRESeOf
| actic acid and one or nore kinds of conpounds selected from 15 cyclic

| act ones sucBxamspEesapf o hiploatsic cakbwixd isueias (gryeaahiydrades,

a- hydroxybutyric acid, a-hydroxyisobutyric acid, a-hydroxyvaleric acid,
hydr oxypent ableeeeagl dinc osyasiprisl @cdsl,d adipdicorghdpt anbeciacadidnd
hydr oxyoct anoi ¢ aci d; glycols such as ethylene glycol, 20 polyethylene
gi ycol “ard 158Pdetandeidi ;depesanhe 1acdcacisgscindenanbyduédenndaci d and

sebaci c aci d. Randon1cqul nmers, ~and/or bl ock copolynmers may be used as the
copol ymer . anhydrous adipic acid. These acids may be used in

combinations of two or more. Useful aliphatic polyesters
further include high molecular weight aliphatic polyesters
produced by a coupling reaction using diisocyanate,

10 oxazoline, diepoxy compounds or other coupling agents.

Examples of polylactic acid polymers include
homopolymers or copolymers comprising lactic acid as a
monomer component (polylactic acids), copolymers of lactic
acid and one or more kinds of compounds selected from:

15 cyclic lactones such as e-caprolactone; oxyacids such as
glycolic acid, o-hydroxybutyric acid, a-hydroxyisobutyric
acid, a-hydroxyvaleric acid, hydroxypentanoic acid,
hydroxycaproic acid, hydroxyheptanoic acid and
hydroxyoctanoic acid; glycols such as ethylene glycol,

20 polyethylene glycol and 1,4-butanediol; dicarboxylic acids
such as succinic acid and sebacic acid. Random copolymers
and/or block copolymers may be used as the copolymer.
Preferred are polylactic acids.

Useful polylactic acids include lactic acid

25 homopolymers. Also usable are copolymers prepared by



«Preferred are polylactic acids. Useful polylactic acids include lactic acid
'25 hormopol yners. Al so usabl e are copol yners prepared by - 14-
copol ynmeri zation of lactic acid with a pol yethylene glycol having a
nol ecul ar wei ght of 600 or nore in a nolar proportion of 0.1 to 10% an
al i phatic polyester in a nolar proportion of 0.1 to 80% or
pol ycaprol actone in a 5 nolar proportion of 0.1 to 80% Preferable are
copolymers prepared by copolynerization of lactic acid with a
pol yet hyl ene glycol having a nol ecul ar wgjght of 2,000 to 20,000 in a
nol ar proportion of 0.1 to 10% an aliphatic polyester in a nolar

ti 9 1 t ' ' f
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L-lactic aci §a9€gPal A6lkEudardwe Eyh0Chsi §60Cbr Mbrd ThXhUm18fF these
I somers may be used as lactic acid in the invention. It is preferable to

have an 0pti9&bP1;5taphi by of 1atol east A% 1iphatReehelgbkye80¥noa hi gher.
When the optical purity is low, the polynmer tends to have | ow

crystallinitpolaesplrbpbgtion! 6% beat tbe80%t apcpoadfpdaprolactonenefihani cal
properties. Wien high elasticity is desired, the proper proportion of
L-l acti c ®ci nollar’f¥opor2lonDoE, OpLleter abky PLéferahite . arieedpoddagpradabl e
resins used in the present invention may be prepared by conventi onal
nmet hods. For prepared by copolymerization of lactic acid with a
polyethylene glycol having a molecular weight of 2,000 to
20,000 in a molar proportion of 0.1 to 10%, an aliphatic
polyester in a molar proportion of 0.1 to 50% or
10 polycaprolactone in a molar proportion of 0.1 to 50%.
Lactic acid is a stereoisomeric monomer and
exists as L-lactic acid and D-lactic acid. Either isomer
or a mixture of these isomers may be used as lactic acid
in the invention. It is preferable to have an optical
15 purity of at least 60%, more preferably 80% or higher.
When the optical purity is low, the polymer tends to have
low crystallinity, resulting in low heat resistance and
inferior mechanical properties. When high elasticity is
desired, the proper proportion of L-lactic acid is 70% or
20 more, preferably 90% or more.
The biodegradable resins used in the present
invention may be prepared by conventional methods. For
example, polylactic acids can be prepared by known methods

such as direct dehydration and polycondensation of lactic

25 acid; or a method comprising dehydration of lactic acid



«~exanpl e, polylactic acids can be prepared by known nethods such as direct
‘dehydration and pol ycondensation of lactic 25 acid; or a method conpri sing
dehydration of lactic acid -5- into |actide and then subjecting the |actide
to ring opening polynerization. It is convenient to use comercially
avai | abl e bi odegradabl e resins. Exanples of prototype and currently
commercially avail able 5 bi odegradabl e plastics include, in addition to the
al ready nentioned plastics, those known by the trade nane "Biogreen”

(pol yhydroxybutyrate, product of Mtsuhighi Gas Chem cal Conpany, Inc.),
the trade nanme "Cornpol"™ (nodified starch, product of Japan Corn Starch

Co., Ltd.), 18csheaétade AmImidel aineedicy’ cheehbuboag goetahs, product
on

of Daicel Chem cal Industries, Ltd.),” the trade nane

(chi t osan/ cebpeth iS¢/ 56 bymdic i Zuibict ot Ascebhven e €alud®., Ltd.), and
the trade name "Cel green" (cellulose acetate-based material, product of
Dai cel 15 Cheommetciatilptavaslabdlal Hiodegradabdevirespasnt EtanExdmgcal
strength, it is preferable for the biodegradable resin of the invention to
have a numbePrabet¥Re ad ceudzently glommefrcibddly 20a008bde nore, preferably
40,000 or. nore, nore preferably 60,000 or 20 nore, even nore preferably
100, . 000°0r BbreearadaRiarlasvins rdincdudesatinr additanvetoi thei glpeader abl e
that the biodegradable resjin have a neltin% poi nt of 700C or higher,
mentioned plastics, those known by the trade name
“Biogreen” (polyhydroxybutyrate, product of Mitsubishi Gas
Chemical Company, Inc.), the trade name “Cornpol”
(modified starch, product of Japan Corn Starch Co., Ltd.),
10 the trade name “Celgreen PCA” (cellulose acetate, product
of Daicel Chemical Industries, Ltd.), the trade name
“Dolon CC” (chitosan/cellulose/starch, product of Aicello
Chemical Co., Ltd.), and the trade name “Celgreen”
(cellulose acetate-based material, product of Daicel
15 Chemical Industries, Ltd.).
From the viewpoint of mechanical strength, it is
preferable for the biodegradable resin of the invention to
have a number average molecular weight of about 20,000 or
more, preferably 40,000 or more, more preferably 60,000 or
20 more, even more preferably 100,000 or more. From the
viewpoint of heat resistance, it is preferable that the
biodegradable resin have a melting point of 70°C or higher,
more preferably 100°C or higher, even more preferably

about 160°C.

25 The proportions of the biodegradable resin and



wnore. preferably 100*C or higher, even nore preferably about 160*C. 25 The
'proportions of the biodegradable resin and -16- the nmannan di gestion
product vary depending on the kinds of resin and product. Therefore, it is
difficult to specifically define the proportions. Generally, the
degradation rate and functions of the biodegradable resin 5 conposition

such as bacteri al

adsorption can be adjusted by changing the proportion of

mannan di gestion product to biodegradable resin. The bi odegradability and
bacterial adsorption properties can bejgpuhanced by increasing the
proportion of mannan di gestion product. The resulting 10 conposition can

suitably be tis€dniffia®bifed st ISP IRt FAlyMdepeliahgbah! | LRE E&gasrt' es

and rapid degradability. ~Wen hlgh strength i s required,

esirabl e

to use gal ast oreHNY-Dhd gIEEREEAr | BRee@BbaE i 0¥ .BQ‘Vapffi@@Pt Oéo mannose as
a mannan di gestion product. The preferable 15 proportional ranges of the

conponent s gspetiicallerdefliapendiengpraporite onst encete tSEl Pf the resin
conposition. The proportions can suitably be decided in view of the

bal ance bet vdearaiykieal rateopad ifesictuchsasfstthentihdagdadébhet ressnsuch as
bacterial adsorption and 20 bi odegradability. Fromthe viewpoint of
nmechani cal sEPBEPREHEIPR Fuch afedastenimdt adserptapor caonbef adhastednan

di gestion

by changing the proportion of mannan digestion product to

biodegradable resin. The biodegradability and bacterial

adsorption properties can be enhanced by increasing the

proportion of mannan digestion product. The resulting

10 composition can suitably be used for objects requiring

antimicrobial barrier properties and rapid degradability.

When high strength is required, it is desirable to use

galactomanno-oligosaccharide containing 80% or less of

mannose as a mannan digestion product. The preferable

15 proportional ranges of the components greatly differ

depending on the intended use of the resin composition.

The proportions can suitably be decided in view of the

balance between physical properties such as strength and

functions such as bacterial adsorption and

20 Dbiodegradability.

From the viewpoint of mechanical strength, it is

adequate that the proportion of the mannan digestion

product be usually 0.05 to 40 wt.%, preferably 0.5 to 10

wt.%, more preferably 1 to 5 wt.%, relative to 100 wt.% of

25 the biodegradable resin.



»product be usually 0.05 to 40 wt.% preferably 0.5 to 10 w.% nore
‘preferably 1 to 5 w.% relative to 100 wt.%of 25 the bi odegr adabl e
resin. -17- Fromthe viewpoints of degradation rate (biodegradability) and
bacterial adsorption, it is adequate that the proportion of the nmannan
di gestion product be usually 1 to 40 wt.% preferably 5 to 20 wt.% 5 nore
preferably 5 to 10 wt.% relative to 100 wt.% of the biodegradable resin.
Wth the purpose of functional inprovenent or addition of a new function,
addi tives may be incorporated into the.pjodegradable resin conposition in
any 10 proportions. Such additives include, for exanple, pignments,

anti oxi dants, ant i st at pEoRgeRd Svididides e Nchra AoA0iFAG ATENt S,
sta Iﬁ

fluorescent brighteners, UV absorbents, WV I zers, lubricants,

fillers, carlobobtaehdabbi Lkenedna wiaidy N euirpt ionQSSki Aki ng agent s,
crystal 15 nucleating agents, plasticizers, stabilizers and viscosity

stabi | i zer s. adaguatei that tiie apropettalomust etid Mand@enidigesehoas tal c, .
boron nitride, calciumcarbonate, magnesium carbonate or titaniumoxide is
especi al | y ppebducedbebeseablby il tw otbtves. tor yatefldrardlyl 6n tauriongtt. ke 20

t her nof or m ng process and ingroves the heat resistance and nechani cal
strengt h2of BpEenprafagably b ok e wthed, efdfledtisreofta RGO meeft odntare not

adversely affected, .
biodegradable resin.

With the purpose of functional improvement or
addition of a new function, additives may be incorporated
into the biodegradable resin composition in any

10 proportions. Such additives include, for example,
pigments, antioxidants, antistatic agents, matting agents,
antiaging agents, fluorescent brighteners, UV absorbents,
UV stabilizers, lubricants, fillers, carbon black,
thickeners, chain extenders, crosslinking agents, crystal

15 nucleating agents, plasticizers, stabilizers and viscosity
stabilizers. The addition of a crystal nucleating agent
such as talc, boron nitride, calcium carbonate, magnesium
carbonate or titanium oxide is especially preferred
because it promotes crystallization during the

20 thermoforming process and improves the heat resistance and
mechanical strength of the molding. As long as the
effects of the invention are not adversely affected,
starch and processed starch, pectin, chitin, chitosan,
alginic acid or a salt thereof, xylose, cellulose or a

25 cellulose derivative such as carboxymethylcellulose may



Al

starch and processed starch, pectin, chitin, chitosan, alginic acid or a

'salt’thereof, xylose, cellulose or a 25 cellul ose derivative such as

carboxynet hylcel l ul ose nmay -18 al so be added. The biodegradabl e resin
conposi tion of the invention can be prepared by mxing the above

bi odegradabl e resin and the mannan digestion product with 5 heating. The
nmet hod for m xi ng the bi odegradable resin and the nannan di gestion product

is not specifically limted. Useful nethods include a nethod conprising
addi ng a mannan digestion product to a bjgdegradable resin 10 while heating
the resin, and m xing using a kneader such as a roll mll; a nmethod

conpri si ng nglsénge anddkaeading a mannan digestion product and a
bi odegradabl e resin in an extruder; blow nolding; and foam nol di ng. The

heating tenperature iBhe'hitddegrdudle nade bmpdaetion28@Cendéd Fromthe
vi ewpoi nt of biodegradability, the range of 120C to 160C is preferable.

The bi odegr aitabért i esi caw aosidpafedpainied ngathebabprecessed, for
exanpl e, by a nethod conprising heating and injecting the conposition into
an extrusi onbhotldgpadaiole aredin dirss diheechanman sdlgestt cangrbduredwiiBho
menbr anes, sheets, filns or nets. The bi odegradabl e resin conposition of
t he 5 heating.

The method for mixing the biodegradable resin
and the mannan digestion product is not specifically
limited. Useful methods include a method comprising
adding a mannan digestion product to a biodegradable resin

10 while heating the resin, and mixing using a kneader such
as a roll mill; a method comprising melting and kneading a
mannan digestion product and a biodegradable resin in an
extruder; blow molding; and foam molding. The heating
temperature is usually in the range of 120°C to 250°C.

15 From the viewpoint of biodegradability, the range of 120°C
to 160°C is preferable.

The biodegradable resin composition obtained can
be processed, for example, by a method comprising heating
and injecting the composition into an extrusion mold or

20 can be dissolved in a solvent and formed into membranes,
sheets, films or nets.

The biodegradable resin composition of the
invention can thus be formed into various shapes such as

films, sheets, plates, foams and bottles. Therefore, the

25 composition can suitably be used for the following variety



winvention can thus be fornmed into various shapes such as filns, sheets,

‘'pl atés, foanms and bottles. Therefore, the 25 conposition can suitably be
used for the following variety -19- of purposes: packaging materials such
as trays, foamtrays, stretch filns, shrink filnms, beverage bottles, and
blister packaging for toothbrushes; agricultural and gardening materials
such as greenhouse filns, tunnel films, multi 5 purpose filns, vegetation
films, seedling pots, seed strings, and covering nmaterials for fertilizers
and pesticides; civil engineering matetigd s such as vegetation nets,
heavy bags, construction nolds, civil engineering sheets and grass stakes;

fishery matesf absrisesds Aspddiedyity Muveatialsd aweh Aet $ragdlt E¥ahi epapsts,
fishing lines and fishing bait bags; waterproof sheets and packagi ng

mat eri al s sustreisclpapeims, agerinlanti lsay)i baveragedbotslespedhaablappkirances
such as syringes; commodities and sundry articles such as garbage bags,

shoppi ng bagsaclaprasiéor teyshbmrdias ;neigy,i dudtiurafledndogtadeai agf or

di shes, spoons and forks, binding tapes, toothbrush and razor handles,
shanpoo and TedFREF i3 bhetudvtas cxreasdvmste Cilowsty| sunnepeid land malkers:

medi cal naterials such as osteosynthesis materials, suture materials and
wound cover i PigFRRI®rfbles, Xeggtdtdiarafildgsni Iseedd ingageési cseadds, | abel s,

nmol d rel ease ers, | f tees, etc. The biodegradabl e resin conposition
of the stffﬁhs, a é)coverlng materials for %ertilizers and P

pesticides; civil engineering materials such as vegetation
nets, heavy bags, construction molds, civil engineering
sheets and grass stakes; fishery materials such as fishing

10 nets, laver nets, cultivation nets, fishing lines and
fishing bait bags; waterproof sheets and packaging
materials such as paper diapers and sanitary products;
medical appliances such as syringes; commodities and
sundry articles such as garbage bags, shopping bags,

15 plastic bags, drain nets, laminated containers for dishes,
spoons and forks, binding tapes, toothbrush and razor
handles, shampoo and conditioner bottles, cosmetic bottles,
pens and markers; medical materials such as osteosynthesis
materials, suture materials and wound covering materials;

20 air cleaning filters; magnetic cards, labels, mold release
papers, golf tees, etc.

The biodegradable resin composition of the
invention, as it is or after being formed into the desired
shape, can be used as a blend by adding the composition to

25 a suitable biodegradable resin. This use can reduce the



~invention, as it is or after being formed into the desired shape, can be
‘used’'as a blend by adding the conposition to 25 a suitabl e bi odegradabl e
resin. This use can reduce the -20- costs of conventional biodegradable
resins and bi odegradabl e resin products (noldings) prepared using such
resins and al so i nprove bi odegradability. Furthernore, new functions
(antimcrobial barrier 5 properties) can be inparted to conventi onal

bi odegradabl e resins. Exanples Exanples are given belowto illustrate the
10 invention in nore detail, but it is igbe understood that the invention
is not limted thereby. Exanple 1 Gal act omannool i gosacchari de (product of

CP.RCo., &bde3 SBSco®RchBorh TR (HaRS10ReBiAdUSHhg Pol Yl actic 15
acid ("'Lacty #9000" manufactured by Shinmadzu Corporation) was used as a

bi odegr adabl i 6@sgHaddibee Ped 34 ra@rdaurdisd, (molldlidgahdprepared using

gal act omanno-ol i gosaccharide were m xed at a weight ratio of 50740:10 and
kneaded i n asBchbeasltns d#idisdlogy apdpratvel BdodelgeadaBimiayt es. Pol yl actic
acid 20 ("Lacty #1012" nmanufactured by Shimadzu Corporation) was further
added t o t heFarkhermore, anewei fHinctiamso (@htimicaotiaknbadedern a hi gh- speed
m xer for 30 mnutes. The resulting m xture was nelted by heating and
formed i §t o properties) can be imparted to conventional biodegradable

resins.

Examples

Examples are given below to illustrate the
10 invention in more detail, but it is to be understood that
the invention is not limited thereby.
Example 1
Galactomannooligosaccharide (product of CePeR Co.,
Ltd.) was used as a mannan digestion product. Polylactic
15 acid (“Lacty #9000” manufactured by Shimadzu Corporation)
was used as a biodegradable resin. The polylactic acid,
talc and galactomanno-oligosaccharide were mixed at a
weight ratio of 50:40:10 and kneaded in a Brabender
Plastograph at 120°C for 30 minutes. Polylactic acid
20 (“Lacty»#1012” manufactured by Shimadzu Corporation) was
further added to the mixture at a weight ratio of 1:1 and
kneaded in a high-speed mixer for 30 minutes. The
resulting mixture was melted by heating and formed into
pellets using a test extruder. The pellets were molded

25 into a sheet with a thickness of about 500 um [“Lacty



- pellets using a test extruder. The pellets were nolded 25 into a sheet with
‘a’ thi'ckness of about 500 pm|["Lacty -21- #1012" : ("Lacty #9000" 50%tal c
40% gal act omanno- ol i gosaccharide 10% = 50:50]. This sheet was cut to a
size of 100 mm x 100 mm and tested. 5 Conparative Exanple I A resin
conposition was prepared in the sane nmanner as in Exanple 1 except that
talc was used in place of gal actomannool i gosaccharide, and nolded into a
sheet ["Lacty #1012" : ("Lacty #9000" 50%talc 50% = 50:50]. 10
Conparative Exanple 2 A resin conpositiomwas prepared in the same manner
as in Exanple 1 except that corn starch was used in place of talc and

galactonanno#p¢igﬂsgcp«Egégyiﬁggvbdngd%Z%agéf4bE¥§a 2% gﬁgg&ggacty #1012"

("Lacty #9000" 50% corn star 5099 = Experimen anpl es The
sheets of thel byoskegimsiedde 1@ = 520 AMPOGHE L08R PE eRAE eyt %EX%WP' el

and Conparative Exanples 1 and 2 were neasured with respect to the
fol | owi ng pasizetef s10® revat UEIE ninheind plastieer! properties and
functionalities: 25 1. Mechani cal properties -22-

5 Comparative Fxample 1
A resin composition was prepared in the same
manner as in Example 1 except that talc was used in place
of galactomannooligosaccharide, and molded into a sheet
[“Lacty #1012” : (“Lacty #9000” 50%/talc 50%) = 50:50].
10
Comparative Example 2
A resin composition was prepared in the same
manner as in Example 1 except that corn starch was used in
place of talc and galactomanno-oligosaccharide, and molded

15 into a sheet [“Lacty #1012” : (“Lacty #9000” 50%/corn
starch 50%) = 50:50].

Experiment Examples
The sheets of the biodegradable resin
20 compositions prepared in Example 1 and Comparative
Examples 1 and 2 were measured with respect to the

following parameters to evaluate their physical properties

and functionalities:

25 1. Mechanical properties



+Fracture strength and fracture el ongation were neasured in accordance with
'JIS K:7113 at 17C at a hunmidity of 50% Table 1 shows the results.
Fracture strength and fracture elongation were calculated fromthe 5
following formulas: Fracture strength (NNcnR) = Fracture load (N)/Cross
section (cnR) Fracture elongation (%9 = [(Fracture elongation - Span

| engt h)/ Span | ength] x100 [ Table 1] Exanple 1*Conp. Ex. 1*Conp. Ex. 2

Thi ckness (mn) 0. 5030. 4910. 504 Fracture strength 4448.94753.53364.0 (N cnR)
Fracture elongation 1.41.81.5 (% 10 15 451n Table 1, Exanple 1 and _
Conparative Exanple 2 represent the average of 9 sanples, and Conparative
Exanpl e 1 represents tiea @mere s iingR 1S 3 %%acm%_%eeﬁsﬁagkg fopLLLm t hat
the addition of a nannan digestion product to a biodegra a_?e resin hardly
affects the meshanédaln progerdarese fithhgTy adggnadakl @7°testnasuch as
fracture strength and fracture elongation. 20 2. Eval uation of

bi odegr adabihunidity of 50%. Table 1 shows the results. Fracture

strength and fracture elongation were calculated from the

5 following formulas:

Fracture strength (N/cm?) = Fracture load (N)/Cross section (cm?)

Fracture elongation (%) = [(Fracture elongation — Span length)/Span length] x100

[Table 1]
Example 1* | Comp. Ex. 1* | Comp. Ex. 2

Thickness (mm) 0.503 0.491 0.504
Fracture strength 4448.9 4753.5 3364.0
(N/cm?)
Fracture elongation 1.4 1.8 1.5
(%)

10
* In Table 1, Example 1 and Comparative Example 2
represent the average of 9 samples, and Comparative
Example 1 represents the average of 5 samples.

15 These results confirm that the addition of a

mannan digestion product to a biodegradable resin hardly
affects the mechanical properties of the biodegradable

resin such as fracture strength and fracture elongation.

20 2. Evaluation of biodegradability

Flat plate films (10cm x 10cm x 0.2cm thick)



~Flat plate filnms (10cm x 10cm x 0.2cmthick) -23- were prepared in
‘accordance with the processes described in Exanple 1 and Conparative
Exanple 1. Five sheets each of these filnms were buried 1) in activated
sludge and 2) in soil. The biodegradability was eval uated from changes 5

i n weight. Reduction in weight (weight loss % indicates the degree of

bi odegradation of the flat plate film Table 2 shows the results. In Table
2, Exanple 1 represents the average of 9 sanples, and Conparative Exanple
1 represents the average of 5 sanples. 1§;[Table 2] 1) Biodegradability in
activated sludge (sewage treatnent plant) Wight |oss % Exanpl e

1Conparati ve a iy : I 30, . t hs
aterol. 663 %%éﬁﬁfﬁirﬁt i 9%&178. 5%2%) %%%}i&a abi%lre%t@fjsi (r%ies%gr?rrl i ght

| oss % Exanpie Rienpde al i aed ExcHpd e th v adanfdihaur ) POvd 8R8EPs each

| at er 68. 616.4 2 nonths | ater88.440.9
of these films were buried 1) in activated sludge and 2)
in soil. The biodegradability was evaluated from changes

5 in weight. Reduction in weight (weight loss %) indicates

the degree of biodegradation of the flat plate film.
Table 2 shows the results. In Table 2, Example 1
represents the average of 9 samples, and Comparative
Example 1 represents the average of 5 samples.

10 [(Table 2]

1) Biodegradability in activated sludge (sewage treatment

plant)
Weight loss %
Example 1 Comparative Example 1
Start (0 hour) 0 0
1 month later 86.1 30.1
2 months later 91.6 63.2
3 months later 98.1 78.5

2) Biodegradability in soil

Weight loss %

Example 1 Comparative Example 1
Start (0 hour) 0 0
1 month later 68.6 16.4
2 months later 88.4 40.9
3 months later 92.1 54.3




3 nonths | ater92. 154. 3 -24- These results confirmthat the addition of a
‘mahnan di gestion product to a biodegradable resin significantly | mproves
the bi odegradability of the resin. 5 3. Evaluation of bacterial adsorption
capability Flat plate filnms (10cm x 10cmx 0.2cmthick) were prepared in
accordance wth the processes described in Exanple 1 and Conparative
Exanple 1. Five sheets each of these films were placed into 500 m flasks
containing 10 100 m of a bacteria culture nedium (Escherichia coli,
bacteria count: 2 x 108 bacteria/m) andgghaken. Then, the filnms were
taken out and the bacterial count in the nmediumwas determ ned. The

adsor ption % was determidges rddiared *L%r{ﬁ(i‘rlf?tth% kRebaghetigh Geupt. Table 3
shows the 15 results. In Table 3, Exanple 1 represents the average of 9

sanpl es, andn&lonpardi geet Fommaivct ey eseiblegtadabrer 288iff 5 sanpl es.
[ Tabl e 3] Bacterial adsorption % Exanple 1Conparative Exanple 1 Start (O

hour)00 10 n$homeficantelY 730 thenttiesidoatendd 150y9060tHenuéssn .
| at er 90. 94. 3 20 The results confirmthat the biodegradable resin
5 3. Evaluation of bacterial adsorption capability
Flat plate films (10cm x 10cm x 0.2cm thick)
were prepared in accordance with the processes described
in Example 1 and Comparative Example 1. Five sheets each
of these films were placed into 500 ml flasks containing
10 100 ml of a bacteria culture medium (Escherichia coli,
bacteria count: 2 x 108 bacteria/ml) and shaken. Then,
the films were taken out and the bacterial count in the
medium was determined. The adsorption % was determined
from the reduction in bacterial count. Table 3 shows the
15 results. In Table 3, Example 1 represents the average of
9 samples, and Comparative Example 1 represents the

average of 5 samples.

[Table 3]
Bacterial adsorption %
Example 1 Comparative Example 1
Start (0 hour) 0 0
10 minutes later 27.8 0.2
30 minutes later 84.5 0.9
60 minutes later 90.9 4.3

20 The results confirm that the biodegradable resin



-2b- . conposition of the invention containing a mannan di gestion product in
*addi tion to a bi odegradable resin has greatly inproved bacteri al
adsorption capability. 5 I NDUSTRI AL, APPLI CABI LI TY The bi odegradabl e resin
conposition and nol dings thereof according to the present invention
rapidly deconpose conpletely in nature such as in soil or in water by the
action of enzynes or bacteria w thout generating 10 toxic substances.
Therefore, after use, the biodegradable resin conmposition and nol di ngs

t hereof can be disposed of, as they aresar after grinding, by underground
burial or wunderwater disposal. Especially, the biodegradable resin

conposi tion cdfp®ditien idwWeitd dhvaeRdnhedonshRdiAgPa! mlaﬁﬁahcdﬁﬁégtpﬁym
as a biodegradable resin is transparent and usefu? as a biodegradable
plastic (bi opegdactabire aididiicin) tw tah bievegkhaableovgbnaskasf §exabi{ity and
i npact resistance. Therefore, this resin conposition can suitably be used
for 20 vari olmppenedseactmied dsprnpedonr cagabtiiéhgt h, such as beverage
bottl es, shanpoo and conditioner bottles, <cosnetic bottles and |ike

pol yet hyl ene terephthalate (PET) bottles; civil engineering materials such
as construction nolds and piles; fishery materials such as fishing nets 25
and fish?ng li nes; agricul t urigtpiRdd LokOvagel s

The biodegradable resin composition and moldings
thereof according to the present invention rapidly
decompose completely in nature such as in soil or in water
by the action of enzymes or bacteria without generating

10 toxic substances. Therefore, after use, the biodegradable
resin composition and moldings thereof can be disposed of,
as they are or after grinding, by underground burial or
underwater disposal.

Especially, the biodegradable resin composition

15 of the invention prepared using a polylactic acid polymer
as a biodegradable resin is transparent and useful as a
biodegradable plastic (biodegradable product) with
excellent toughness, flexibility and impact resistance.
Therefore, this resin composition can suitably be used for

20 various purposes especially requiring strength, such as
beverage bottles, shampoo and conditioner bottles,
cosmetic bottles and like polyethylene terephthalate (PET)
bottles; civil engineering materials such as construction
molds and piles; fishery materials such as fishing nets

25 and fishing lines; agricultural materials for vegetation




+and plastic greenhouses; vegetation materials; lamnated containers for
*spbohs and forks; toothbrush and razor handles; nedical materials such as
osteosynthesis materials and suture materials; sports goods such as golf 5
tees; witing supplies such as pencil cases and plastic sheets |aid under
witing paper; clothing and industrial textile products; sanitation and
medi cal related materials such as diapers, sanitary products, gauzes and
patches. By adjusting the proportion of the nmannan 10 digestion product,
the bi odegradabl e resin conposition of -gdie invention is further provided
with bacterial adsorption capability. For exanple, if using textile

products (claidipas s ayfseinsules ;a v@g‘é@%@&@ﬁaﬁhgeEQ?%g i Oi H}?ﬂé%é&om

bacteria once adsorbed on the products are 15 difficu esor wher eby

the di spersiammtodirears efdr spashPand EoersedtodunBrikpddsliSrassrusef ul, for
exanple, as antimcrobial barrier textile products effective for the

prevention dfanbsozomedidalf entticarialBy sadti ag asgebBgAtHEgESt i on product to
a 20 bi odegradable resin, the present invention can provide a
bi odegr adabl®atfizistie qnd Wy avdeird ajsodspbytat gaoswenchcast gbhan
single_uge of the bi odegradabl e re%in, while substantially maintaining the
mechani cal Fﬁ?ﬁﬁﬁtW?&F%ﬂgt%ﬂ?phkﬁﬁelU&@hﬁévéénﬁylacbsgaegnddabaetp¢ast|c (a
bi odegradabl g, 28 PrOME dndMTdng paper) SlePhTaatk ey fShtsirins: 2
textile products; sanitation and medical related materials
such as diapers, sanitary products, gauzes and patches.
By adjusting the proportion of the mannan
10 digestion product, the biodegradable resin composition of
the invention is further provided with bacterial
adsorption capability. For example, if using textile
products (clothing) made from such a biodegradable resin
composition, bacteria once adsorbed on the products are
15 difficult to desorb, whereby the dispersion of bacteria
can be prevented. Such products are useful, for example,
as antimicrobial barrier textile products effective for
the prevention of nosocomial infection.
By adding a mannan digestion prdduct to a-
20 biodegradable resin, the present invention can provide a
biodegradable plastic (a biodegradable product) at a lower
cost than single use of the biodegradable resin, while
substantially maintaining the mechanical properties at the

level achieved by a biodegradable plastic (a biodegradable

25 product) composed of the biodegradable resin alone.



Clainms 5 10 1. A biodegradable resin conposition conprising a

*bi ddegr adabl e resin and a mannan di gestion product. 2. The bi odegradabl e
resin conmposition according to claim1 wherein the biodegradable resin is
an aliphatic polyester. 3. The bi odegradabl e resin conposition according
to claim1 wherein the biodegradable resin is at |east one nenber sel ected
fromthe group consisting of polyhydroxybutyrate, polylactic acid,

pol ycaprol actone, pol ybutyl ene succinate, pol ybutyl ene succi nate/ adi pate,
15 pol ybutyl ene succi nate carbonate, poiam nyl al cohol and cel |l ul ose
acetate. 4. The bi odegradable resin conposition according to claim1l
wherein the biodegradable resin is a Q@ipe ylactic acid polynmer. 5. The
bi odegradabl e resin conposition according to claim4 wherein the
polylactic acid polynmer is a honopolynmer or copolyner of lactic acid
(polylactic 25 acid), or at |east one copolymer of lactic acid and at -28-
| east one menber sel ected? bdpdepsadablp rensn scompesit iayotdmprtiacirone,
glycolic acid, a-hydroxybutyric acid, a- hydroxyisobutyric acid,
a-hydroxyval%r?%PQRﬁ¥Edable resin and a mannan digestion product.

5
2. The biodegradable resin composition
according to claim 1 wherein the biodegradable resin is an
aliphatic polyester.
10 3. The biodegradable resin composition

according to claim 1 wherein the biodegradable resin is at
least one member selected from the group consisting of
polyhydroxybutyrate, polylactic acid, polycaprolactone,
polybutylene succinate, polybutylene succinate/adipate,

15 polybutylene succinate carbonate, polyvinyl alcohol and

cellulose acetate.

4. The biodegradable resin composition
according to claim 1 wherein the biodegradable resin is a

20 polylactic acid polymer.

5. The biodegradable resin composition
according to claim 4 wherein the polylactic acid polymer
is a homopolymer or copolymer of lactic acid (polylactic

25 acid), or at least one copolymer of lactic acid and at




+hydr oxypent anoi ¢ aci d, hydroxycaproic acid, 5 hydroxyheptanoic acid,
"Hydrbxyoct anoi ¢ aci d, ethylene glycol, polyethylene glycol,

1, 4-butanediol, succinic acid and sebacic acid. 6. The bi odegradabl e resin
conposition 10 according to claim1l wherein the biodegradable resinis a
polylactic acid. 7. The bi odegradabl e resin conmposition according to claim
1 wherein the biodegradable resin has a 15 nunber average nol ecul ar wei ght
of 20,000 or nore and a nelting point of 70C or higher. 8. The

bi odegradabl e resin conposition accordihgg-to claim1 wherein the mannan

di gestion product is at 20 | east one nenber selected fromthe group

consi sting ofecasBnonel hgRiseecheIdsiosd BRMAHITRYRD HoRlstanPleducts and
gl ucomannan di gestion products. 9. The bi odegradabl e resin conposition 25

accor di ng tocgthim lashenej nglyeopi®porid, o-0fydrivylitiaic 22idji gesti on
product is 0.05 to 40 w.%relative to 100 w.% of the biodegradable
resin. 10. Thedbbydegehatpt tcrasid, coripakidsiyoraledecacdid)g to claim 1l
wherein the proportion of the mannan digestion product is 1 to 40 w.%
rel ative to hpdrokypeetanehe atibdedredidnycapssiie aktid,The bi odegr adabl e
resin conposjtion , _
S hydroxyheptanoic acid, hydroxyoctanoic acid, ethylene
glycol, polyethylene glycol, 1,4-butanediol, succinic acid

and sebacic acid.

6. The biodegradable resin composition
10 according to claim 1 wherein the biodegradable resin is a

polylactic acid.

7. The biodegradable resin composition
according to claim 1 wherein the biodegradable resin has a
15 number average molecular weight of 20,000 or more and a

melting point of 70°C or higher.

8. The biodegradable resin composition according
to claim 1 wherein the mannan digestion product is at
20 least one member selected from the group consisting of
mannooligosaccharides, galactomannan digestion products

and glucomannan digestion products.

9. The biodegradable resin composition

25 according to claim 1 wherein the proportion of the mannan



10vaccording to claim1 which further conprises a crystal nucleating
"égénTl 12. The bi odegradabl e resin conposition according to claiml1l
wherein the crystal nucleating agent 15 is at |east one nenber selected
fromthe group consisting of talc, boron nitride, calciumcarbonate,
magnesi um carbonate and titani um oxide. 13. A biodegradabl e product
produced by nolding 20 the biodegradable resin conposition of claim1l. 14.
A product with antinmicrobial barrier properties produced fromthe
bi odegradabl e resin conposition of claigp-l. AL | if WD ~. Lvqg egra k

digestion product is 0.05 to 40 wt.$% relative to 100 wt.$%

of the biodegradable resin.

10. The biodegradable resin composition
5 according to claim 1 wherein the proportion of the mannan
digestion product is 1 to 40 wt.$% relative to 100 wt.% of

the biodegradable resin.

11. The biodegradable resin composition
10 according to claim 1 which further comprises a crystal

nucleating agent.

12. The biodegradable resin composition
according to claim 11 wherein the crystal nucleating agent
15 is at least one member selected from the group consisting
of talc, boron nitride, calcium carbonate, magnesium

carbonate and titanium oxide.

13. A biodegradable product produced by molding

20 the biodegradable resin composition of claim 1.

14. A product with antimicrobial barrier
properties produced from the biodegradable resin

composition of claim 1.



