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Abstract

The antimicrobial activity of PHB/chitosan films and the quality of white bread packaged with the films were investigated.
Chitosan film showed the highest antimicrobial activity and PHB(L) film also showed high antimicrobial activity against Fusarium
solani KCTC 6636 and Penicillium citreonigrum KCTC 6927. White bread packaged with chitosan film had good moisture retention.
L and b of white bread increased but a” did little change during storage regardless of the film kind. The TBA values of white
bread packaged with chitosan or PHB(L) film slowly increased during storage. The springiness of white bread packaged with
PHB(M), PHB(L) and chitosan film was high. The colony forming units of microorganisms for white bread packaged with chitosan
film were low during storage. Therefore, PHB{M), PHB(L) and chitosan films were superior to PHB(H) and PHB films as package

material for white bread.
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4 FAE AHE F AdelA Bt A dojutA
%7 Wi HAY BRLYE dofdn EF olEE
2748 delz fF3F 20 WAy fEd A3
B4 A7 H2 itk gy AA ZFMe Ad
Boz Ba7l ol@E B 449 AEE FAST 4
A 2aE + e 42y 229 AHg Hogia 3l
CHKaplan et al, 1993; Steinbuchel, 1992; Taylor, 1979).
FevelME d8E FAY T 8-S FASL 3
of AEsY EAY AHBo] Fridtn glon, 8A, X
BAH FolME Z1EA ALSRE B FAE AEHY
=FE s ALgay] fE =Y EE 32 Yok

Poly(3-hydroxybutyric acid: PHB)E u]AZo o8] 3
Asle AR B2 ¥4 A9 fAE 43¢ 7t

PHB/chitosan film, antimicrobial activity, white bread, quality

A gdor Y 2 &Fo] AFEE SA4E AT
. 53] 7|& &2 AR EFo] £oldr] wEel
$oZ oY FoldA AHEE F e FAYE 7HAD
%1cHDieter & Zuger, 1985, Kamaev et al, 2001). 21§
1 PHBZ whe 9§L2 H%H3a 7RIS o FeA7)
HY AHge] AFL wgted, HT PHBY) tie &z
EZES EWd UE EY HEY BAo THE A
22 HuEol(Avella & Martuscelli, 1988; Greco &
Martuscelli, 1989 Iriondo et al, 1996, Marand &
Collins, 1990) 2 AHg B9/t Bdlg & Qe 7t54%
HAFRdeh 53] chitosang zZHF o) Ao goiz)
€ chitin®] golxd EZ2 AEHAY HEY MiAR
FEn glch Chitosan Hgol #8 +3€ Id7EL
R Butler 5(1996)& 7}4A) chitosan HWE S ZA
NLERE 2T B3 AFHALH, Ogawa 5
(1984)2 chitosan ®E2 A 23] chitosang] £x} v

* R ATE FEHEAY 2471297 (A E: R04-2000-000-00064-0) A R o2 FHE L.
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of #% 9F7E Y3yt Vojdani®} Torres(1989)=
chitosan BEE 3] AF A E AAgold o8y
+ potassium sorbates] ¥oA4L& AFIGEI, Wong ¥
(1992)3 Muzzarelli $(1974)& £sA2 EEE A%
8ta chitosan HEE Az FEATY HLFHEE
ZA8Hct. olfst ATES %8 chitosano] 4%
g ¥4 v 74 AG4E AT gl 2AA
o o=3 Aidd g8¥4 Y& AR e
chitosant PHBE &§5}d PHBY ©3go] H9slo} ¥
g4 BAel 3L, 7A T4, ¥ B4, #4
2ol wolz AF EAAZANY EAHE FolAE A
22 JehgthGu & Kim, 2002 Kim, 2004).

FAFAZ AT BH2Y WE HZ 5o FA
Mz AFERZAIAM 71&9 §4 E& st &
E8l4 HES o83y A% dFEe] £¥H e
ul, & Qo= PHBS chitosang &3t o 3
Y dTHE Hsta o] WES 7T Aw XA A
P& FHPLEA o5 UEY NFEXRFAZAMY 7tF
4 9. '

o. Az 2 3y

1. PHB/chitosan EE2| K=

PHB/chitosan "E-2  PHB(MW=400,000~700,000)
(Fluka, Switzerland)$} chitosan{viscosity 550 cp) (Tae
Hoon Bio Co., Korea)§ Table 13} zo] dAv| &z &
g3t Az AT 7 £ &8 123t PHBE
1 g9 1,1,1,333,3-hexafluoro-2-propanol(HFIP) (Acros
Organics, USA) 1.5 mlel] &&)A171 2, chitosang 1 g3
Z 59~ 60 ml, acetic acid 0.4 ml, HFIP 5 mlE A}&-3}
o 0T IsAA GAAT. G4 7IZE Qeol
71 #18} sonicatorg o] &3] LM Z degasingdlil 4
oA 302 A= BASET. o §4& Teflono] 2H
¥ B(30x30 cm) Yol ¥-o castingt F 25Tl 2U3t
Az A PHB/chitosan &% AlZ34c)

<Table 1> Mixing ratio of PHB/chitosan fims

Type of Film PHB(g) Chitosan(g)
PHB 1.50 0
PHB(H) 1.20 0.30
PHB{M) 0.75 0.75
PHB(L) 0.30 1.20
Chitosan 0 1.50

2. PHB/chitosan TE2| 874 24

AL

1) o] & 2

UE9 ¥TAdE 457 A AF B4 xe
A=A ulAMEQ  Escherichia coli KCTC 1682,
Pseudomonas  aeruginosa  KCTC 1750,  Salmonella
typhimurium KCTC 2515, Kiebsiella prieumonine KCTC
2001, Staphylococcus aureus KCTC 1916, Fusarium solani
KCTC 6636, Aspergillus flavus KCTC 6633, Penicillium
citreonigrum KCTC 6927 59 ¢F& <|&35th #F&
Adl wigFsted Abgstn Mg nutrient uf Z](Difeo,
USA)E, THo|c potato dextrose uj2)(Difco, USA}E
AHgse] weFsT,

2) Diffusion assay

B4 AL diffusion assayE o] 83l HAstHTh
{James & Sherman, 1987; Kudo & Saga, 1990). &, 2z
435 T YA uwix|o] HES I spectrophotometer
(Beckman DU-650, USA)E o] §3}e] 600 nmoA F3%
E7F 03e] 2 wi7A] wigsdt ugE TFE A7
TAEIR o] 100 ¥ TASHA B3¢ F 0% AE &
F2 @A ¥§ disc(AF 13 mm)E wiA flol ¥k
th A2 37TAA 24212 F<, TFele 24ToA 48
A7 Eet kst disc F¢ ol AAAE inhibition zone
o A& ZAsTE BES AL 23 ¥y 4¥3
o Hagoed vl

3. PHB/chitosan LEo2 ZTE A%ol ZAWHE B4

1) A Az

Ae A fa(AHYAHE THIS 2AHF A
(Kaiser, UBM 500)& o|&3la #A=2&Q4c. Aue
PHB/chitosan WE02 I3 AdiEGE 50%, 20T
gegazdA Bustas dA 7ot 2wl FaAW

& T4 -

2 A%l 2P

Aol S8 FEEFE 15T Agdzy g o3}
o ZH3ATHAOAC, 1995). 4w X& 2g Y& Yo}
FAE 783 24 ¥ A8E APy ¥1 B9
FAZL S =2 w7hA] 15T Ax7)AM BzA
Ao 23] vy AY3d PR e 7
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3) Awe) A%

Aol BT g AzA|(Model RF-1, Nippon Denshoku
IND. Co. Ltd, Japan)E °]&3}d L(EE), a(H4%),
bEAT)Ees g oY 438 FHYY HIULE
vehiigich old AH# FEFWME L a by
L=90.4, a=09, b=2.6°]|%it}.

4) 2lwe) TBAZH

Aupel Ade = TBAZIZ A& A A& 2 g
o) WA 20 ml$} thiobarbituric acid(TBA) Al¥ 20 mLE&
718 & Egol FAAM 4R HAFHYT o W=
4000 rpme] £E2 1083 F4EE & F 439L
Bl atsld B EolA 3083 7tEE T ol W
A7) ¥ ZBLE FAYPOE 319 530 nmolA A]Be)
E#=E 245t TBAZIE A4isiion 33 v 4
gt Hags 2tk

5) 4 549 7144 %7}

8|

) ARz G A
Rheometer(COMPAC-100, Sun Scientific, Tokyo, Japan)
£ |83t two-bite compression testZ Z3IHTE Al
89 2718 2x2x2 cmZ #e cylindrical plunger(2 cm
diameter)2 30% deformation, load cell 10 kg 300
mm/min cross head speed2 4dAQ3le ZAsHT) 33
Bsle A9 YR FHAG

9248

6) A% 549 B3 %7}

Aupel A, WAl Aol @ BEH SHe| wyE
2437 99 $AY DAY 892 dYoE 7
HEYE A8t WA A% ARE32 an)g
23 g7 B2 ANSRoH AW, WA, =3
2 5o %2e) sl 0WeIN 6o SHo| FUSE
& W4T FEE HYT AAH UBE BrE o

guge Wi Frsel Bz dAsgos, W
wog 0322, U9 e 6HoR st Wiy

. 2 WAk 33) wEale] AAETh

d

£ g

7) 449 vl 4B 24

Au A7 10 gol 27 € 0.1% bactopeptone 89 90
mLE Yo stomacher{Model 400, Seward, England)& 3
B0 AR F ol ASF2R HHAA mAE &
HE AT AER AT 49t AdsE standard

plate countd e & Z335}4 &H(Speck, 1992) plate count
agar(Difco, USA)E WA 2 AHE-3IAS, F%o| H A=
PDA(Difco, USA) Wi A& A&-3lith dut Ad-& 32T
A BAEY, BE 2 F@ole 25T 5UZE vhkst
o] CFU(colony forming unityg +3}%ch 23] ¥H53ho]
Agstgod tAEFE FTULE Yehliith

4 SHH 24

2 49AM e delHe SAS FANY Zode
olgste] W EEVAE 783, E4E4% Duncan
o gEudude ANsd FHSUCHEAS Institute
Inc., 2000).

1. PHB/chitosan ZE2| 874 24

Diffusion assayS ©| 839 B§9 a4 A4 2
#} chitosan o] A7 FHo] ZFol U} 714 &
e vehidchTable 2). A€ AT Folye=
Escherichia coli KCTC 1682¢) th3 g Alo] 71& ®A o
9} chitosan B ge] el digt Ao} Y& HAF
At E§ chitosan HES HE% AEE FoAH AT
2o Fgeld sl FaAel ¥ AeE Yy
Fusarium solani KCTC 6636, Aspergillus flavus KCTC 6633,
Penicillium citreonigrum  KCTC 69279 tisjM% Y&
inhibition zone-% HoZF¢ith Chitosan & hLoZ&
PHB(L) "9go| %2 44 Yehliddct 53] PHB(L)
HEL F solani KCTC 66369} P. citreonigrum KCTC 6927
of tigh ghrdo]l & Rez Jepdot. Chitosano] H7}s]
A ¢k& PHB HUEF chitosan $&o] HE PHB(H),
PHB(M) E& A& di gEge] F8le] vEht

A skt ‘14'3}*1 HEoA vehd g4 chitosang]
g atgef g Aoz AgE ik Chitosan *c}ﬂ"“ <+
AR 9o B3] E. coli, B. subtilis, A& Al Z 5ol
Sl g gdyel Itz };‘._’H_EI‘Ritti](Omura et al,
2003), & APoAE FFo] L E coli KCTC 16820 o3t
gaanrt & A2 yelgtt, Chitosano] 37tE PHB
gEol 4L UYed o2 A oS0 HFZANE AHE
o getagog A 4Fe AZINE AFAAE
& Ag Aoz 7dESI

-323 -



4 EISHEBIIRSX A 142 23 2005

<Table 2> Antimicrobial activity of PHB/chitosan fims apainst some food hazardous microorganisms {mm)
Microorganisms PHB PHB{H) PHB(M} PHB(L) Chitosan
Escherichia coli KCTC 1682 13 13 13 13 20
Pseudomonas aeruginosa KCTC 1750 13 13 13 15 16
Salmonella typhimurium KCTC 2515 13 13 13 14 17
Klebsiella pneumoniae KCTC 2001 13 13 13 14 17
Staphylococcus aureus KCTC 1916 13 13 13 14 16
Fusarium solani KCTC 6636 13 14 13 22 22
Aspergilius flavus KCTC 6633 14 13 16 13 17
Peniciflium  cltreonigrum KCTC 6927 14 13 16 19 22

2 WY 5 Awel 3

1) e SRy

PHB/chitosan W&o 2 XA Aue] A7z £

58%3e et Fig 13 2t Chitosan %EE.E ¥
g Ao AR F 7Y B FEL ERE A
2 Jehten BE F chitosang] H]go) ‘5%0}@—:-—' F
Eg#el HolAle oz Yeg ol HWEY F
Az #AV e Aorg AWy =0, chitosang] 7.9
7t B89 ¥ FAEE $Fe A%E F3U) 9E
o2 RITHKim, 2004). PHB(L) BEX chitosan Y&}
g Aol £EFEHE JE FE BRAo) FL

ReZ et 2‘]’2}3‘_7] 3Y Felle oy Ygoz
ERE HME Aolo) 8 FAF Aol 2A @t

ou AR 79ANE olg A Abolol ¢ 1~5% F=9
FT FFF A7t etk wetd s Eide ¥
8% 4% ¥ZAE chitsoano] ¥71¥ PHB &L A}
43k ol vEAE ez RAZD

2) He] Hx

A% & Awel 4 Wzl L, a, b2 23390
2 Ade Fig 29 2ok L'gke 23713 5 Fvhse
A%L Ho AF2rdE 743000} A 7dA =
792~79.8¢ g+& JEM)QAcHp<0.05). 2} WE EH
Bele Fo1H9 Aol Kol oo} ¥4 PE F57)
o] HEoe & F¥2 VXA Fie RO ey
th o] a'E AR T A9 st g ¥
& aghe 01501900, A 7AA Y a'ghe 0.25~-060

50
—&—- PHB
—&— PHB(H)
—¢— PHB(M)
40 - —e— PHB(L)
—=&— Chitosan
g
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)
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8
e
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R
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[Fig. 1] Moisture content changes of white bread packaged with PHB/chitosan fims during storage.
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a =y
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[Fig. 2] Color changes of white breads package with PHB/chitosan films during storage.

o2 BF 0360130t} w2ty HAxe gro] HuldtA &
oy foFo)A gy, WEANE F9H 2
°o]& UEhHAE YTHPp>0.05). AW b'ghe AFse
5 Zrhebe A8 Jeh Ao A3279 b 116
olgloy Haz oz Zylste A3 7dsNE Y 1647
o] gh& ettt |t AAgste < 2] 440
AolAe AL ¥ 4 AU b= T Ygo) o}
& F942 Aol vehGA] §ktHp>0.05), AAHoz
2 o el 4 wske ARrIze) O Be FPL @
gke.l, PHB/chitosan Y& ZF& 4o 4% Wz
FoH¢l g v A ge Aoz Yl

3) 4] TBAZ}

A7 F A4e] TBAZ}9] W27} Fig. 3¢ AAH
of Rtk AR F TBAZI= F7ksle AE¢S Jekd
orf, PHB EE3% PHBH) IEoz I3Fe 4w
TBAZ}7} 743 =2 A Zr)8l¥t). Chitosan WES 2 ¥ 73}

& 2w TBAZI= %71t F 7F8 A4 F718te
o, PHB(L) ¥52o2 ¥3A% 4w chitosan EFo2
EAE Awe] TBAZLS ¥l&k# & ded o& 4%
oM Ad9 gzt ZA Pk FASE A ¢
AsATh AA9 AAE= HEY AL Fugn AL
g Aoz Agsed 42 FHE7t o AF 4
o] Yag iyl FFHLEN u7l 2149 £ g
t}. PHB 42 44 F3x7}l ¥21} chitosane] d7}
so] Ad Fimsl WolAe o2 RuEEd(Kim,
2004), ¥ APNME 44 EHErl ¥ PHB 8§02
A5 Ao w8 chitosano] H7tE WEANA 2o
o] Azt A ALE AEHAY. Ao A=z
715t AgF 710 TBAZIZE vl MEZA Frtshe 8]
veted ole AZFr| xNHY AFatslsl A
202 FAHE dojwr) W2l oz vl A
HE S % 7 A% st de AREE 74
o] e, o|gA Agg R e 2FAMe A
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140
—— PHB
—&— PHB(H)
—7~ PHB(M)
—&— PHBI(L)
120 —e&— Chitosan
% 100 S
[
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60 T T T T T T
] 1 2 3 4 B 6 7

Days
[Fig. 3] TBA changes of white breads package with PHB/chitosan fims during storage.

o] A& WA o] 2284 chitosane PHB ¥ 4) A% 549 7AH H7t
Tl AMgouyd 44 FAEg WER APYAE o

ANTE ENE AGE 5 e Ao Aos: s AFEAN SAF A2A W3t Table 33

gk Awe] AnA(hardness)S AHEEH Awg 2
e B¢ A%E TR Y Yge FFH A

<Table 3> Textural properties of white breads packaged with PHB/chitosan films during storage

Days

Characteristics Film
0 1 2 3 4 5 6 7
PHB M5.60%  A15.94°  M6.82°  AP1ge5™ MB.8E®  A20.64° AD1.88° 402 40
PHB(H) M5.40°  M576°  M7.62t A19.45® A8.04%®  A3006°  21.47°  *22.56°
F}Zrldcrrfgs PHB(M) A15.38°  A1582°  A17.45% Mg gt Ajg.ee®  A21.85°  fp0.07"  A2q.43°
PHB(L) M5.60™  A6.02°  A7.28°  MB1gs4®  Agge®  A2027° A2157°  Bop.ose
Chitosan *15.43°  "1550°  A17.62%  B17.85% *18.54°  A19.99° 21040 B ppe
FHB 40.97° %0.92° 40.85% "0.80°  A0.78° f.7e foi B g5t
o PHB(H) f0.95°  f0.94°  f0.82*®  f07e™  f07s" A0.74° f071® G065
Sp”r(’g')”ess PHB(M) %095  %0.88°  “0.81° "0.78°  f0.77°  f0.73%  A08%°  A0.70°
PHB(L) *0.97°% *0.94° *0.80P f0.75%  f0.75  Ap.72° *0.71¢ A0.70°
Chitosan 40.94° *0.90° #0.85% Ap.78% 077 40720 "0.70° *0.69°
PHB 7 54° A7.62° 768" A7.90% “Bgggi  Ag pye Ag.23° 9 358
cheu PHB(H) A7.43° 745" 87 5g° f7.91° %923 f932"  “9370 g
he(",‘;”;ess PHB(M) 738  A7.41°  A771% f7gs®  Bgss®  Agqm®  Aggge  Agage

‘0

PHB(L) A749% 7539 4766° A787°  "eg 7P Ag 200 "9 070 g og°

Chitosan 7 55° A7.60% A7.7™ A781° Mggga®  Agop®  Agose A9 29°

Each value is the mean for three replicates.

Means with different superscript are significantly different(p<0.05).

A% Duncan's multiple range test for PHB/chitosan films(column) for each characteristic.
*.. Duncan’s multiple range test for days(row) for each characteristic.
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o] ZE AFolr iAo feFeor Friste A
& AAsle T Awe] HRiAe Aoz et
A% F Au AnAe Wsle AW FEYHRS A
7t el AF F 4wy Anie] F/e AL o9
A FEEF AgAR M Jeird AAE AR F T
Baael #ay Ad 798 ez ARHUG IE
7 e Aw Ay Aole A 3dAYL 74H
oet Yehtn g 71t ozt Ak wEk A
717 Aue) AnAde] 4&8E vey BF TR
AnAdel zold] & AL FA AUST ¥ F UUT

A& & 2wel g8 A (springiness) & AF7It Fe
A Zadle A¥E BAon, A% 243 3YAd &
o] Z23dch BE FHd W wIEe AF TYH
#2)39l o]z} uebgt o], PHBM), PHB(L), chitosan
ggog Y 2wo| PHB, PHBH)E AT 24
t foFoz @gyo] & Ao VT

¥A AF F 2o Y d(chewiness) A33l=
ot 43 Fobste A%E JeEhidich e AP

TR P& TR M FAFHA A7t A e
ux] gsten A3 44Ao)s PHBM) o2 3¢ 4%
o gyAol 47 Wi,

5) 4% 549 BH Yot

PHB/chitosan Eo2 TAF AW BFAHA 54
& sz fsiA 4, Az, dA, AAFHA HExd
8 BE=HAE dAsger 2 FF= Table 49 o}
el itk Ale] A diAE A% SYAREH MM
gaoz waA Hsle Ao Hogon AHawrld
' AZz71Y 3 FoHez g AoZ HHEU
gMe PHBH) Ygog AT Audy AHGE7)q
wizlgd zZleg HriHch A4l RSER
(softness)& AA~17t T Mg A=z HYri=ded
ol Awo] Ry A¥ZAD P Z|AH HrldA &
A9 Ao AnA A¥dde dXste AU+
PHB(M), PHB(L), chitosan W&o 2 ¥Ag 2upe] B

%ol

<Table 4> Sensory attributes of white breads packaged with PHB/chitosan films during storage

Characteristics Film Days
0 1 2 3 4 5 6 7
PHB 4 45° 44.48°  *452° Ba3g®  ".18® h403%  f355° 83 2P
PHB(H) "4.32° %4.36°  "4.43° "465°  "4.24° "398  B3o4° 82 83°
White color PHB(M) "4.61° A4 520 A4.47° 439"  “4023%® Ag7ee A345%  A3p1C
PHB(L) "4.51° f4.49°  "4.23% B4.38°  "4.20%® Ba.82° 353" "3.47%
Chitosan *4.57° "4.45%  *4.59° "437° M7 "83g5®  fae2® *3.36°
PHB 410 8370%  Basg®  Agap  faort fp30 Ao Brgre
PHBIH} A4.25° f.310 A4rg 8308  “3.q0° 2 26° A2 04° 82 12¢
Softness PHB(M) A4.25° Mg o7t *3.95° B3.14%®  A3.25™ 2.24° f2.11° M2 yse
PHB(L) 4 37° f415% M.21° A3.84%  “3.07% A2 320 *217° *2.18°
Chitosan .15 090 a7 "3.88®  “3.14° A2 56 h2.22° "2 24°
PHE A3.35° A3.248  *3.03% A2.48%  A2.21% By.68° A 42° 81,000
PHB(H) A3.07° A0 M2gr1e B2.19®  Bpog® A8y g7 A5g® 1.43°
Bread flavor PHB(M) 315" “3.08* 285" X I L *1.96° A1.40° 1.09°
PHBI(L) 320 "3.21° 3150 fo 57 2.41® A2 42° *1.68° A1.67°
Chitosan 3,150 "3.06°  *3.12° Aoagd  A233t - R L N5 A1.58°
PHB A4.70° ABa41° 8460 f4.25%  *3.21° #3.54° 273"  Baopc
PHB(H) *4.63° 84.20°  *4.31° A4.10%  “3.40° 53.05° fo g1 Boopyge
aci‘;;";"imy PHB(M) A4.81°  f480°  f460°  A4.20°  "337°  A358°  Mp7gc A8 gt
PHB(L) 4.82° *465° 4530 A28 3450 A3 .49° f2.98%  f269°
Chitosan 4.81° M72¢ P461° f432° 351" A3.36™ 43.03° .74

Each value is the mean for three replicates.

Means with different superscript are significantly different(p<0.05).

% Duncan’s multiple range test for PHB/chitosan films{column) for each characteristic.
** Duncan’s multiple range test for days(row) for each characteristic.
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Zl¥°] PHB, PHBH) B2 2 T A% Aud g *
< A2eg Yeygted o WY F£E FIicd 438
¥ Aoz PHBM), PHB(L), chitosan WE3| 44 %3
=7 B7 o Ao g ALREUTHKIm, 2004). % ¥
M (bread flavor)= A A7|3tol ZojA4E Fasigoud
EF 49§ £5F° 9 AAojw 2A YehiA gd o
g PE F70 g} 58 B54ddde =Fos) dsle
U 7)) B840 glelME 2 atolvt gle Ao ¥y
i

Aol theh AAFQ NITolX A 27)9 F7)4
€ X% 89 FHe wk fol3d ZAo) ey}
A% 27]ee PHBM), PHB(L), chitosan YEL2 ¥&
§ Aol M&w=ry} PHB, PHB(H) Bgos ¥A3 4
wEo A Jepd #53 5S4 o F& Aoz Hyo}
SAck gty HAAAez B o A TygLos
PHB(M), PHB(L), chitosan B&o] ] &4§ Aoz 3
lig=Eel=a

24

6) Aol wgey 54

g Agste F¢ 99 ATs9 A3k Fig 49
2ok A 27lde ATSt waA Fsded A%
3~49 FREE AZFY F7t 88 vy 44
g 72 Uitk ol Adse F¢ 4% s
Fol aHEUAM Ag F4o] FNE 2d7) WEez
A=A A 27 ZAY 9g9 FHd o
2 Atole] @] AolE BAo, AT Aol

ATE o]F Atold] zto)7t FolEth Chitosan HE]
1} chitosano] &8 BEL FE H{g0) L4314 A
a F4d o F& Aoz dysigoy dAZE olF
Loz IR AN AFs7t FAA Y& AL
chitosano] #}FHE BF3tn U7 WEA Aoy 33
MUt 8 A3713re] HolFol| whe} e R
o] wolx RE 2whfo] Aol F4Er)e] HA
G fHo2 WELEMN chitosans] FFHRbe FE
2 A7 Al F4 A o & 9% Fo B
A Frde ZE A#eA Hsd AFsTE e
Az Az Aok

A 5 4w AR 9 FPols ¥z Fig 59
ey ok EY B Fgelso] Wzt AEse Wy
g v FFE BRYeH, AF 27 FA&Est W
€ Aoz vehgt ety 27de &R 9 o7t
SH8719 AT FRIR A HAL F2o] i W
< Aoz Bozd. #H AR 7|9t Fr)d= PHBs}
PHBH) 2§22 XA N%e AR 2 IFPo|Fr}
PHB(M), PHB(L), chitosan BEo 2 X343 2luto] uls)
A Uetstth ol ARt Fgole AFel wiF v
TEEAZAMT A 5 Q7] WZo) o]go] F4%
o FEFF 3 JdFeo] HolA R chitosane] 7
Aol 437 QEoz RAF

Log CFU/g

—=— PHB

—A— PHB(H)
—— PHB(M)
—— PHB(L)
—&— Chitosan

Days

{Fig. 4] Total bacterial populations of white breads packaged with PHB/chitosan films during storage.
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