Tor

o

Ho
B

Tor

B
i

,_lq_.ﬂ
;o_l
Ho
Him

—

<

o

%

NR

_
ile)

o]

= o

B

o

il

20254 24



I DIRY

Tor

Ho
k

Tor

B
i

‘_lr_yl
_Kﬁ
Ho
Him

—

<

F W E dr

T 0 B OB
T o Hp

G

A1)

Al
o

20254 24



i

M
N
op

< < < b b D OO o0 O O O O

=0

1
=

o4

A2 A=

i
!

—

<

2.2.

iz

=
;QL

—_—

R I =1 [ NN R

2.11.

- 11

w
!

BK

11
13
15
17
19
22

X
_:l

_zrl

3.3. Az IF FFH=

3.4.

ﬁo



37 FT_IR .E‘}_\_-]] ............................................................................................. 26

3.8. XRD T']i‘}*\:} ................................................................................................ 28
3.9. SEM Tllil_/q ................................................................................................ 30
;q]4;g- é B e s e s s 32
73—31_5,_% .................................................................................................................. 33



;Oﬁ
Ho
ol
=T
Tor

Ho
=

or
A
s

H A D)

71§18l ¥ Aol A= PBAT

S

% $7hz2 ook o) % 32

9} PLAE 98:2 H| &=

3}
T~

glycoalkaloid

B

PPCF(B)

ki3

Ao 54 2

F

2]
S

PPCF(B)%}

=
=

om, o

gk

2}
S,

2 A

o Gel(W) &

& s

L B

TiO,

=, 71AH
}oi ol PBAT:PLA 98:2

S

-

F71 <Al 3

748

#%, SEM, FTIR, XRD &A1& 43

71 A4

3

hy2

o] MAERQ o PPCEFB)}F Gel(W)e]

E
=

%
No

olm

j
od
el
M

s

SHAl i

Z

d

SR SN2

TR

™

ko
H

K

484 BHE

=5



il

il

\‘%
Hi
e
o
0

i

=K

o

LA ool A

#
o

_iV_



A A

A1 A &

T

A 2 G5 oA Ho| =% amyloplast 7}

T

Fh(4, 5). o8 E &

R

S

=

th(3). 1y 7=}
wl

AN

2 Solanum tuberosum 1..)
o)

al

B

N
il

il

glycoalkaloid ¢

B9l
t}(6). Glycoalkaloid

5 olue, B4

9J\
0] =
AR
3}
=

PN
T

7+
J 71 A

S
=

a7t

=

[e)
poly(butylene

A
SRE

A3}, melanin F7H7F A
Al

9141
A )
EE

-
X

T

0
yal

&l

27

polypropylene ¥}
)

of =3 FHd 2~3 uj
7H2ke] 3¢ 7]5<l 100 mg/kg ©|3E

=

=

Hl

=~

83
37}

A2} 7}

T

)

-

1

= bl

Ado] ATH7). Glycoalkaloid & 413
tol #HAkel A7

o
-] —

°

P
(2020)9l)
adipate—co-terephthalate) (PBAT)

7}

&
]
=

o

=

o]
PR
[6)

-

s
7

Bang
melanin &

o)
o
el

]

st

o

b gl

A A AA

o

™

=
10% mlqte] &3}

o)
&5

Z2F~E (1 mm "W 2719 %

<

FCH(4).

A AHEEH, A

°

U

[<]

Al A}
_CH

H
FaL ATH9).
vl

5H)

7}

=

[€)

[ %
Brg w8

27k =]
_\‘__E—_i_

P
T

I

o]
il HAZ 256 mm ]

0

kil QUTH9,11). E3] Sk~

1=
=

S

X
}

3

E
=

has
|53 JHH10). 1y

50% ©]
As =9

o]



HATH14), MAZeAY o A% AuAE PT Wt ol o) A

Ast7] 918 kg g AA Jde] s Mew i glow, 53] 34 xshH
A g Feprgo]l FEy QIrh(16). TEkaEe A A 76k} vlo]
L2 7o g FEHY. AR 7HE EFeagde sl d PET, PE, PP, PS,
PA ¢} A&3s|4 PBS, PBAT o] &, vto]e 7|vk Hef2gol= W
d Bio-PE, Bio-PET ¢} A3/ PLA, PHA So] tH17).

Mo
o

EE AR 7w AREA Zg2E F g de ARgEe A F

poly(butylene adipate—co-terephthalate) (PBAT)o|t}. 2021 7|&, PBAT
o 2 AFE dA Fetag AN 19.2%E AASHH, Az 467 E
olsgo] AAkE] 1 QItH(18). PBAT & =2 RIS 72 EXHo=R 3, EY
Zo A 371E ol 90%° AEMES Holy o= RIFTH19). 1y
PBAT 7|9t A5 Aal&o] 5 A T Ad 54do] 7|E Eef2go| Hlg] @
of AF XAHAANE G&8A AMEE fla At 540l & AR EokEY
o] &3to] Fastth(19). PBAT & &3+ 7hee gl AEsE & =
3ty polylactic acid (PLA)Z, <& Z=e 74, vu g e uj8 5 vz
2% SA4S 7FHH20). PLA & §59 AES Taste] €2 A4 7ls A
ZIWk A Eejwe 8 sk 5AES ZEa k@21, 22). E3F PLA &
& A= PET ol 77k 71414 548 HolW, IFARA ] FAHS

flo



&
=

pall

Azt
A}

ol Al

AZF Aot

1

T

)

0
pul

3] PBAT, PLA,

48l

S

S|

‘SH

=
=

9= AeITED. 2y

o]

A =20

ST
X

shtet.

AA A

[e)

A=

E

A

M e

% 3

=i}
=

FH(33).

1531 9ITH(32). Martucci 9+ Ruseckaite(2010)

T2k A%
0]

AJA}
kel A%

1

% sodium montmorillonite ¢ dialdehyde starch & &

o

Fee
210 4

£

S
=

_ZMO

X

jop-

Tod

N

el
1
a

Ho

A
el

ﬁo

=K

1<}

P2

s wbe] g )

B
)

mK

Ho

o

JJo



A2 A5 9 I

2.1 A3 A=

B Ao A ALg%E  poly(butylene adipate-co-terephthalate) (PBAT)
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Table 1. Light transmittance (%) of colored films across different wavelengths (250-800 nm)

250 nm 300 nm 350 nm 400 nm 450 nm 500 nm 550 nm 600 nm 650 nm 700 nm 750 nm 800 nm
- 007+ 292+ 579+ 356+ 542+ 7.72+ 501+  3.99+  8.00+ 48.87+ 74.66+ 78.18+
ac
012 019" 003 010" 011" 013  007¢ 004" 012"  017%*  036%  0.20°
fod 1.68+ 19.39+ 16.16+ 17.05+ 17.88+ 8.25+ 12.95% 5354+ 80.62+ 84.11+ 86.18+ 86.77+
e
010° 038 0320  045¢ 042 033 039" 021 015 029 012  0.16"
- 844+ 2649+ 42.62+ 48.88+ 5570+ 34.37+ 549+ 43.06+ 63.72+ 81.03+ 86.99+ 88.52+
Hrpie 0.24°  039°  040°  040°  043° 028 048  026°  031°  044° 018  0.20°
. 4908+ 3487+ 3541+ 26.15+ 2256+ 56.53+ 53.09+ 3348+ 4057+ 7854+ 86.25+ 87.89+
r
een 008" 023  016°  020° 016° 035  011° 0.8 024" 098 037  0.39°
ol 779+  39.01+ 4211+ 28.92+ 27.80+ 57.33+ 78.14+ 8489+ 8647+ 87.17+ 88.30+ 88.53+
erow 0.14° 013  017°  0.19° 018"  019° 014>  010°  0.14° 008  0.10° 007
510+ 36.84+ 3751+ 24.16% 2040+ 49.43+ 7357+ 8572+ 87.46+ 87.78+ 8872+ 89.76+
Orange d d d f f a . b b b b b
0.21 041 0.38 0.38 0.33 0.67 0.24° 059 0.34 0.40 0.45 0.28
. 30084 51.48+ 56.03+ 81.94+ 86.53+ 73.87+ 20.06+ 021+ 17.29+ 7175+ 88.34+ 89.48+
He 086"  1.36°  1.18° 146> 142  1.26°  066°  037°  058° 114"  071° 054
. _ BLILE 8671+ 8872t SO13% 8058+ 0018t 0020+ 90.50% 90.68% 0059+ 90.53: 90.85%
TANSPArent 070 0820 067 053 044° 035 0.27° 0.3  020° 025 019"  051°

All values are mean*SD (n=3). Means with different superscript letters in the same column

multiple range test.
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are stati stically different at /<0.05 by Duncan's
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Table 2. Composition and preparation of biodegradable films.

Tensile strength Elastic modulus Elongation at
(Mpa) (Gpa) break (%)
LDPE
. 11.1140.82¢ 310.91+49.44°¢ 478.76+43.56%
(Positive control)
Neat PBAT 13.9942.65¢ 76.05+3.36° 386.69+180.57°
PBAT98:PLA2 19.9240.34¢ 108.94+7.51°¢ 580.72+48.062
PBAT2:PLA98 41.48+2.91° 2435.31£318.62?% 14.40+11.49°¢
Neat PLA 33.09+0.22° 2028+114.84° 5.13+0.92¢

All values are meantSD (n=3). Means with different superscript

letters in the same

column are stati stically different at /<0.05 by Duncan's multiple range test.

_14_



0

Al

3.3 A%

Table 3¢l YelHiAT. UV-3600i Plus&

-
1

F R 4y

2

5‘4

)
450 nm-600 nm¢] g HolA F

= EATHFX0.05).

EQ |

I

A

q

7}

A3, PPCF, PPCF(B), Gel(W), B&W &

s

= = =
FUEE 54

=
=]

o

|
~

=20
=

)

il

N

dl

s

# 23}

=
;O#

o
o
3r

Aol 7)efa 5 gk,

_15_



Table 3. Light transmittance of biodegradable films.

200 nm 250 nm 300 nm 350 nm 400 nm 450 nm 500 nm 550 nm 600 nm 650 nm 700 nm 750 nm 800 nm

LDPE 0.00+ 0.11% 0.06+ 72.25%1 76.8% 79.41+  81.0% 82.3% 83.4% 84.2+ 84.9+ 84.32+  84.6%
(Positive control) 0.00° 0.2° 0.09° 78 1.62° 1.9° 1.39° 1.40° 1.45° 1.42° 1.06 1.24% 0.88%

0.63% 0.19+ 0.20% 0.19%+ 1.28+ 1.73% 2.70x 4.31x 6.15+ 8.46+ 10.93+ 14.57+ 17.56+
Neat PBAT

0.88® 0.16° 0.27¢ 0.26¢ 0.14¢ 0.34¢ 0.28¢ 0.29¢ 0.44° 0.49° 0.56° 0.45° 1.11°
Neat PLA 0.60+ 37.72+% 54.98+ 62.84+ 67.53+ 70.8=+ 73.44% 75.65+ 76.85+ 78.15% 79.15% 83.07x 83.56+
e 0.49% 2.80° 2.02° 2.28° 1.63° 1.93¢ 1.54¢ 1.52°¢ 1.48° 1.48° 1.49° 2.34° 1.82°
0.18+ 0.00+ 0.05% 0.23% 0.89+ 1.22+ 1.87+ 2.81+ 4.02+ 5.54+ 7.62+ 9.86+ 12.1+
PPCF b d d d d d d d d d d
0.25" 0.00¢ 0.07¢ 0.24 0.11 0.29 0.37 0.57 0.84 1.12 1.53 2.17 2.48
PPCF(B) 1.26+ 0.07+ 0.19¢ 0.11% (Ok= 0.03+ 0.04+ 0.02+ 0.05=+ 0.03% 0.02+ 0.19% 0.40=%
0.12% 0.11° 0.13° 0.2¢ o¢ 0.06¢ 0.04¢ 0.03° 0.04° 0.03° 0.03° 0.33° 0.11°¢
Gel 0.43=% 42.81+ 71.30%+ 78.13% 81.36=% 82.91% 83.90+ 84.60=+ 85.10% 85.55% 85.83=% 86.53* 86.74=%
¢ 0.61%® 4.57° 0.79° 0.57¢ 0.70? 0.93° 0.72¢ 0.74? 0.73? 0.72? 0.82¢ 0.93° 0.62°
Gel(W) 0.86% 0.00+ 0.01£ 0.61+ 0.22+ 0.12+ 0.12+ 0.18+ 0.09+ 0.09+ 0.20£ 0.42+ 0.18%
e
0.65% 0.00° 0.02° 0.11¢ 0.17¢ 0.11¢ 0.10° 0.06° 0.13° 0.07¢ 0.16° 0.37¢ 0.23°
B&W 0.34=% 0.00+ 0.00+ 0.16+ 0.10+ 0.07+ 0.01% 0.03+ 0.03+ 0.25=% 0.08%+ 0.23% 0.21=%

0.60® 0.00¢ 0.00¢ 0.27¢ 0.10¢ 0.07¢ 0.01°¢ 0.05°¢ 0.05° 0.43° 0.14¢ 0.29° 0.36°

All values are meanzSD (n=3). Means with different superscript letters in the same column are stati stically different at /<0.05 by Duncan's
multiple range test.

Abbreviations: PPCF, PBAT98:PLA2; PPCF(B), PBAT98:PLA2+ Candy Color Black 4g; Gel, Gelatin film; Gel(W), Gelaitn film+ Liquid White 4g;
B&W, PPCF(B)+ Gel(W).
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Table 4. Mechanical properties of biodegradable films.

Tensile strength (Mpa) Elastic modulus (Gpa) Elongation at break (%) Thickness (um)
PPCF 19.91+0.34" 108.94+7.51° 580.72+48.06° 50.3348.93¢
PPCF(B) 2.60+0.37" 43.4+3.78 41.82413.49° 143.274+15.85"
Gel 90.69+37.26* 6346.26+2875.81° 1.85+0.092° 50.60+3.96¢
Gel(W) 6.77+1.90° 78.6+30.13° 56.81+8.78° 91.47+6.38°
B&W film 2.64+0.21° 21.85+1.15° 128.06+6.36" 217.33+8.55

All values are meantSD (n=3). Means with different superscript letters in the same column are stati stically different at 7<0.05 by Duncan's
multiple range test.

Abbreviations: PPCF, PBAT98:PLA2; PPCF(B), PBAT98:PLA2+ Candy Color Black 4g; Gel, Gelatin film; Gel(W), Gelaitn film+ Liquid White 4g;
B&W, PPCF(B)+ Gel(W).
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Table 5. Water vapor permeability of PBAT composite film.

WVP (x107% + m/ m?- Pa - s) OTR (cm®/m'-day)
LDPE 5.57+0.12¢ 6.13+0.05¢
Neat PBAT 4.81+0.11°¢ 67.06+0.01°
Neat PLA 5.87+0.09° 55.66+4.27¢
PPCF 5.20£0.89° 5.93+0.28¢
PPCF(B) 14.82+0.46° 94.97+3.34°
Gel 5.27+0.4¢ 0.0440.03¢
Gel(W) 9.56+0.75¢ 0.03+0.01¢
B&W(W) 21.33+1.78° 0.0240.00°
B&W(B) 25.43+1.59° 0.06+0.00°

All values are mean*SD (n=3). Means with different superscript letters in the same column are stati stically different at /<0.05 by Duncan's
multiple range test.

Abbreviations: PPCF, PBAT98:PLA2; PPCF(B), PBAT98:PLA2+ Candy Color Black 4g; Gel, Gelatin film; Gel(W), Gelaitn film+ Liquid White 4g;
B&W(W), PPCEF(B)+ Gel(W) the front of the PPCF(B); B&W(B), PPCF(B)+ Gel(W) the front of the Gel(W).
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Table 6. Surface color changes of potatoes packed with

PBAT composite film

over 12 days.

Day Packaging L)) a(Z5A =) b(ZA ) AE(ZF A=}
Without Film 73.40%2.032 -2.84+0.91% 35.68+2.37° -
LDPE 68.34+1.78% -2.21+1.09% 38.27+2.912 -
0 PPCF(B) 72.24+2.13% -2.74+0.83" 36.01+£1.57" -
Gel(W) 73.37+1.35° -2.76+0.85% 36.2442.54% -
B&W 72.56+2.10° -2.75+1.12° 35.46+3.67° -
Without Film 68.5943.50% -4.27+2.08° 34.5942.80% 6.89+1.78%
LDPE 65.05+3.61° -4.24+3.14° 36.53+2.90° 5.9842.07%
3 PPCF(B) 70.39+1.42° -0.82+1° 33.41+1.49" 4.72+40.89"
Gel(W) 68.58+3.25% -3.62+2.55" 36.57+2.65° 6.13+3.21%°
B&W 69.82+2.09° -0.05+1.20% 34.5941.95° 4.7341.82°
Without Film 65.31+2.97° -6.48+2.03° 37.53+1.43% 9.48+2.71%
LDPE 61.67+3.00° -6.54+2.78° 37.52+3.25° 7.36+£2.42°
6 PPCF(B) 70.86+1.962 -1.97+1.08° 33.3541.28 5.36%2.21%
Gel(W) 67.75+£2.47° -4.71%1.71° 36.41£2.35" 6.75%2.08°
B&W 69.31+£2.97% -0.98+1.33% 35.4942.45° 4.51+3.14°
Without Film 70.61+3.26 -10.84£1.92¢ 38.48+1.48% 9.6242.76°
LDPE 60.39+2.34° -11.54+1.54° 39.10%2.60? 10.13+1.73%
9 PPCF(B) 72.67+1.982 -2.940.742 32.31+1.51° 5.05+1.53
Gel(W) 72.2241.47% -8.08+1.83° 35.83+2.94° 6.35+1.90°
B&W 73.87+2.97° -3.69+1.29% 33.48+2.46° 4.2242.30°
Without Film 63.54+2.95° -10.03£2.10¢ 39.55+2.51% 13.21+2.972
LDPE 62.85+1.51° -10.32£2.13¢ 39.93+1.71° 10.12+1.96°
12 PPCF(B) 70.75+1.832 -2.16+1.35% 32.7140.84° 5.15+2.13¢
Gel(W) 68.06+2.12° -7.49+1.81° 36.67+1.93° 7.6441.98°
B&W 69.67+2.53% -1.0141.45% 34.0242.54¢ 4.89+2.12¢

All values are mean*SD (n=3). Means with different superscript letters

multiple range test.

Abbreviations: PPCF(B), PBAT98:PLA2+ Candy Color Black 4g; Gel(W), Gelaitn film+ Liquid White 4g; B&W, PPCF(B)+ Gel(W).

in the same column are stati stically different at /%<0.05 by Duncan's
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Fig 2. Photographic changes in surface color of potatoes packed with PBAT composite film over 12 days. PPCF(B),
PBATO98:PLA2+ Candy Color Black 4g; Gel(W), Gelaitn film+ Liquid White 4g; B&W, PPCF(B)+ Gel(W).
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Fig 3. Fourier transform infrared (FTIR) spectra: (a) PPCF, PPCF(B), and B&W(B); (b) Gel, Gel(W), and B&W(W).
PPCF, PBAT98:PLA2; PPCF(B), PBAT98:PLA2+ Candy Color Black 4g; Gel, Gelatin film; Gel(W), Gelaitn film+ Liquid
White 4g; B&W(W), PPCF(B)+ Gel(W) the front of the PPCF(B); B&W(B), PPCF(B)+ Gel(W) the front of the Gel(W).
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Fig 4. X-ray diffraction (XRD) patterns of Gel, Gel(W), PPCF, PPCF(B),
B&W(W), and B&W(B). PPCF, PBATI98:PLAZ; PPCF(B),
PBATO98:PLA2+ Candy Color Black 4g; Gel, Gelatin film; Gel(W), Gelaitn
film+ Liquid White 4g; B&W(W), PPCF®B)+Gel(W) the front of the
PPCF(B); B&W(B), PPCF(B)+ Gel(W) the front of the Gel(W).
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Fig 5. SEM micrographs of Gel

B&W(B).
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