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Abstract

This study analyzed the quality, microbial stability, and biodegradability of biodegradable containers manufactured
using gelatin. Gelatin was extracted from beef, pork, and chicken skin. As a result of the gelatin experiment, the
dried yield of pork gelatin was significantly higher than other treatments. It had the highest molecular weight in the
SDS-PAGE, so it was selected as the primary material for this study. After mixing pork gelatin powder with water
1:3 (Pork Gelatin, PG), 20% eggshell, 10% walnut powder (Pork gelatin and Walnut 10%; PG-W1), and 20% (Pork
gelatin and Walnut 20%; PG-W2) were mixed to prepare two treatments. As a result of the cross-sectional area, PG-
W1 showed fewer pores than PG-W2. PG-W1 showed significantly higher hardness than PG-W2. On the other
hand, the compressive strength of PG-W2 was significantly higher. There is no expression in bacteria and E. coli
during this period. PG-W1 showed high antibacterial ability compared to PG-W2. In addition, biodegradability also
showed excellent results, based on this data. It is judged that more stable biodegradable containers can be developed.
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AFE S0l sFEH, oF AR gold ojmT 2ol B

Foll wiFERS o EHE AL A= mHATE A
o o8 ®alE= g LekSintim & Flury, 2017).

AENE &7= F= AEAEREH F25= 24 22
< o]&ste] AxH7] ol sl 8710 vls] Zal
7 AR, A 717ke] dve @ ol JATHDavis &
Song, 2006). WtA =] Al 8719 AT FEol
upe} 8719 o8 717ke] Aok A=A g Adol sl
R ool ghrhal AetE

Yang & Park (2012)¢] A7 Aol m=WH, 2F9] £
H] 7Hx]oll= Ao, Je52], 71749 7Hxel] G
ow, A Au|Folel AF kd ForF & WEE

-

ST Stk B §71E AF Belsh nERY
et A%, ATE, ARl acle] ZA 2ge
olel amlAe] elE wedste] 18 8 A
9] A7} o] FolA) 3 9rh(o, 2014). FH oA
g3to] Az AR £, HGL ol gt
3 871, P HEFE o18F 3
om Fm Y FTUEEL
(Han, 2018; Han, 2021; Kang, 2021).
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AEA FAER ALY 8718 A2 de Y &
Aol olel g0z <ls) et /1F A7t Basi 2
Bale B TEolY AF, AT e FEA BB

A= 3

o

o] FZEkNur Hanani et al,, 2012). ZeHAS 2k &

Z2 2 AES T AR S AA deelS sk,
]

5ol & =S 22 (tackiness)S ETHO et al., 2008).
Agtel e As) 2ZHgo] U Awrt S31E I HE3A o
dojx FEE A7 dh ol e 4E S o8 &
ofol| A} ASHA|, HAA|, k& WE TOE o] &HI Ut
(Lee et al., 2010).

et AEA FAHEET o] FolHE AR
Mke] Mo A FEA A= o8-S gistal 4

s 8 )
4 4710 Wrhte] RIS FAND & A Row
A ole wel AeEl olge AR &

Aol FASA, VY 9, 2 ARASS BAFA

3},

HetEl 22 M=

AztE o] A zo= A9 vlE(Yesan, Chungnam, Korea)
A Fujst =3 (Pork Gelatin, PG), 3] (Beef Gelatin,
BG), ' (Chicken Gelatin, CG)S ©| &3ttt AMF3=
Tk AS A AL AlF s e, AlF g A5l 10 (v/
wEl €] 0.1 N HCIE #7hste] 24417k 53t A &-313ict. 3
o] B AFEL 2L B9 YL pHY} 5590 =2
H7AA] F3tstdek. ol % AMBEES AF Ak 80°C
chamber (10.10 ESI/SK, Alto Shaam, Menomonee Falls,
WI, USA)A 2417 &<t Agtel s &3t 5
g A2 105°CE 233 A7 x71(C-F03, Vision
Scientific, Daejeon, Korea)ol|x] €% AZxsle] Aelel &
4S A 23T
HETE

Agtele] AxFEL FE2E AZES 105°CE2 #HZ
+E7A Z7](C-F03, Vision Scientific, Daejeon, Korea)ol 4]
Azxs7] A5 FAE S8t offel 2 WS

Abgatel 24 skt

7| Y=(Sodium dodecyl sulfate polyacrylamide gel
electrophoresis, SDS-PAGE)

FZ% AgE 7 3 mM phosphate bufferE 1:42 235k
T A5NS F3F] bradford AlSFS o] &35ke] whd

TS AAE T S A2 abuming standard = ©]

&5t en, o] & el Aol wpet ArbE Fhol vt

9" H=FS AAX 3mM phosphate buffer, Sxsample
<

o, 12% seperating gel3} 4% stacking gel& A 3ol o]
&otnem, AEE 7} welld ¥o & F 1A%} 208 &
¢ 120VE A7IE EEFH JAPSAT o] F gelS
coomassie blueE AHE-3lo] 204 5 FAHSH £ destaining

MESHS =7 M=

AT 8719 Az o] &3 =3 Aepelt 7t
o 5% A7 Be Zb7) Gelatines weishardt (Graulhet,
France), 7F&H}o] 2 (Incheon, Korea), the witch (Seoul,
Korea)oll A 43R 2™, 180 meshe] YA Z7|E ©]8-5}
Aok =9 Agdd FHFE HES 132% 100°C
water bath (JSWB-30T, JSR, Gongju, Korea)E ©]-& 3}
Aete] o] H4tst & wjzpr] srdste] o] &-akqith. o
4 AR FEAR B 20%E AtE o, olF &
T 448 BZE 7 10% (Pork gelatin and Walnut 10%;
PG-W1), 20% (Pork gelatin and Walnut 20%; PG-W2)E
H7vste] AR 8715 Azt §71¢ A7+ 7t
Ay 270 wet FolatA AxsRen, S5 AE
AL E AE 5cm x 0| 0.5 mm=zE AP slo] Axs}
At AxFAAHL dry oven (C-FO3, Vision Scientific,
Daejeon, KoreayS ©]-83to] 18313 0 m, 30°CellA] 244]
ZF, 40°CellA 16A17E, 121°CollA 16417 SAME R A xst
o Azttt AXE vzl &7]d A YEF 1% 3
Aalg RS & ZHA ZAF 1% M HES FFst] A
s 8719 W IZ-HAR o] &Sttt W Z'-E dry
ovens ©|83t4] 30°ColA] 24A17F 7Azx3te] AR &
7| (Fig. 2d, )5 A =3t}

EHHA ALKl (cross-section)

FYHA 2 8718 1x1 A7|2 ZEA deep freezer
(Thermo, fisher scientific, USA)NA WZAIZ1 3, A
o] &3ttt WZtE &7+ -25°CE A" ¥ Microtome
(CM3050S, LEICA, Germany)S ©]-&3}e] 18 ym= H ¥
ste] AR E Axsqh o] xZF o] HHEE Aol
wolste] o gk A S AHEsileA WAE 2avt 3l
FUth o)dst dv)7d, SEM, confocal microscopy 5
-85t AFsiiTh

[*]

=4 (texture profile analysis)

AL AxHA ¥ 8715 7 "ol 1 emE Ze &
SHA R ZAEA o] 85992 H, texture analyzer (TA 1,
Lloyd, Largo, FL, USA)Z =43}t 42742 pre-test
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speed 2.0 mm/s, post-test speed 5.0 mm/s, maximum load
2 kg, head speed 2.0 mm/s, distance 17.0 mm, force 5 g,
10 cm cylinder probeZ A3} th 4 ¥ 74 = (hardness,
kg), B (springiness)3 5% 4d(cohesiveness)= 4t 3}

AT

U=UE (compresive strength)

YEFdEe A B2 &718 TFEAExEOIE
1.0x3.0x0.1 cmZ A”WZ H, EA Z=4A7](TAl, Lloyd,
Largo, FL, USA)E ©]-&-3l] S 3Ith 4132712 head
speed 1.0 mm/s, distance 2.0 mm, force 5.6 N2 A7 &}
AL, ZHA = MPaz LERY 1t

HAE AP2 A GITH 16¥87H4 39 145

WA st AR JPsidnt 7170 v E FE
a17] Qlste] WrAlZE M MES Al59 BPWE
122 A3 5 stomacher (WH4000-2751-9, 3M Korea,
Seoul, Korea)E ©]&3l] #23A ). o] F o3}d oA |
mLE 1091% 34 st APl o] &sidtt. mAdE A+
SA A dult MFFE= Tryptic Soy Agar (TSAYE ©]&
592, Escherichia coli= E. coli/Coliform Count Plate
(E. coli/Coliform Count Plates, 3M Petrifilm, Seoul, Korea)
£ o]&st SA st o] F 37°CollA] 24417k sl
th o]F FHE wAEL] #5¢ FAES ALkt
Log CFU/g= YeRH ATt

24
Jite AFPoll= E Colie AH] wigste] o] &t om,
E coli 4& g F 10° colony form unit (CFU)7} H =%
3 & oAlzE €7] 10 goll 0.1 mL¥ EF3he] 29 F

HE el A HsksE S48l AR 717 olF A=

ol 10812] buffered peptone waterS 2ol FA3 & 3]4

Hj&ol BHA| gAlste] APl o] &t A S
E. coli/Coliform Count Plate®] 0.1 mL¥ £ =23l

MsHE St

MEsS 24

Y] A FS ANFsH 36 L ST Eg o]
°F 20cm FAZ B2 Fol, AA%E A4S flE AES
Ao Aol AlgsTh AR 871 Hat 10 g0 2
FUst ol gt on, AEo Wyt x| Y= A
AFOZHE 10 emoll XA & T 1, 2, 3, 4 F B
5= Adlo] FAE et 2 fXAs] S8 =
S 4o 3 BEFglon, BelE A EE AR &2
THIZ FEPA AFsta g4 FZo] 2 wriA

37°CollA AZRAA FAE SAs ] FA2 JeR A
a2 AL Arsle] 100% &

A0 A= HAE 33] o] de] vHE A3 E A5k
H7rE ) o] % AR =23 SAS (version 9.4 for
window, SAS Institue, Cary, NC, USA)E ©|-&3}o] A3}
S Haghdt 2E2URE YERRIC 1, ANOVA, Duncan's
multiple range test= Z}7Fe] S sl f2]&<1 Aol (p
<0.05)7F JE=AE AT

dnt gy g
M2lEl =8, SDS-PAGE

Table 1> =3 (Pork gelatin; PG), -3 (Beef gelatin;
BG), 53] (Chicken gelatin; CG) A8l AZFE&S e
d sgolth. PG7F th2 A FEC Hal folFew Ee
AzFES YeERl e m (p<0.05), BGSF CG7|E & =}o
£ HolA gttt Agele w2 59| 7t 494E T
3 o] Fo|H glow, ZFol watA 4h, Iz Ay &
Lo Aro| mepA F& L7t thEoa. B EY T
(Foegeding et al., 1996). B3t &-7] Azt o] &=7] 9|3}
of 2k BAERS 7] Aetelo] ¥ HEA A s (Li
et al,, 2019), A &Aoo 2 A& S Ao, e
gdow PFHsS WEY o e dwid EAEe
7MY B3 bk 9lth(Kang et al., 1992). Wi £
Aol M= kA2l 80°ColA 718 S sIS=d,
Aol =9 Agels FEo Fd 7h oAt
vhekE T},

o] <l 37] 93 PG BG CGel SDS-PAGE A ¥
A= Fig. 19 JERA AT o2 A ollA & HolA] &
A9k, PGl A= oF 150 kDa2] Tl zo] HArslA el
=, ol FFezRE doll 93l F=¥ B-chainghal
B3 8} Jth(Kittiphattanabawon et al., 2016). B S
Z 7t dojd Aetele 3 kDaXtk ZAY 50
kDa®th & A 7HAH, 300 kDa o]3e] EAFge
Zepdlolgty B Y ETH(Khiari et al., 2014). T3+ PGol| A
= °F 55 kDaollA] °Fgk W& JYERRIOH, o= Astuti
et al. (2020)°] Aol o8t o] wwd Fxb= Aetel

)

o]}_

Table 1. Dry yield of pork skin, beef skin and chicken skin
gelatin

Trait Pork gelatin ~ Beef gelatin  Chicken gelatin
Dry yield (%)  15.21£1.39° 2.2640.71° 3.15+0.77°
Mean+SD.

**Mean in the same row with different letters are significantly different (p
<0.05).
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Fig. 1. SDS-PAGE of pork skin, beef skin and chicken feet skin
gelatin. BG; Beef gelatin, PG; Pork gelatin, CG; Chicken
gelatin.

= "X F2 DAY & Al DAEA &
b Rk BE A2l FelA 50 kDa F719] T
S 2te ZoE JEow, PGolA 7P WetA JERs
t}. Piluso et al. (2011)2 ZFHAS 7hEal S w 6t
S A7, 2xol BAIgle] BE AeteloA Yelhde 23
Edolgtal BuEith wEbA 2 A5 23 50 kDa #
o] 7hg RsHA vEhd 3 dgels B o] Fxj

&

rU

B2 sto] Al 871 7Hdel o] &3ttt

l:|-|:|:|x-l =4
=9 Agd, 37}, 55 448 92 EFEte e A
ﬁHH £7]9] @i A-e Fig. 20 JERR LM, 1:3 v]&
2 IME =9 Agd (aF G 7 g 2
10% (PG-W1H3} &5 A4 2 20% (PG-W2)E z+zt
(b) (02 %713tk 2 FA(18 mE AE GHS
7o g BHekE W (b)7h (o)l Bl 7HAAH SR T A
el (o) (b)oll sl AFel
s A= &42 gl o= 718 #EE A
%—L‘F/Pﬂ o] cross liking siteE 3431512 wl(Gilsenan &
Ross-Murphy, 2000), 7t Atelel] AgE & 21}— Eite
FS 28, ol g Aol A H ATk

2ol rle rﬁt
OH
JIJ
o
T
_rg
L= 4
32
_Q,

Aol FFAR ol &% b s A r;r?:_—% 47}
sl F5& Aastshe AN T AR B Yol

S/ E 22 2271 e o] Al ol¢k 22 4
5 YJeERH AT AL Als €
AxAFE AXA &2 PG-WIzF PG-W29] &4 A}
Table 20 JEMIAL. e F A2 222 10%
%717} fFo)Hoem & A4E L‘rEMHPEKp <
ol drFog Il vhH A} W A7} 3l
1oz welt 39 A4t AL PGWI  Be
e Jepflen, ol PG-W2el Hl3] ¢ Ast
wolgta AeELh o) F AT 719 A

Noy e 2 olf rlr

émwv

Fig. 2. Cross-sectional area of biodegradable container made with mixing pork skin gelatin, eggshell, and walnut powder. (a): 4 times
dilution of gelatin, (b): 4 times dilution of pork skin gelatin, 20% egg shell, 10% walnut mixture; (c): 4 times dilution of pork skin gelatin,
20% eggshell, 20% walnut mixture; (d): container made of pork gelatin and walnut 10%, (e): container made of pork gelatin and walnut

20%.
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Table 2. TPA (texture profile analysis) and CS (compressive
strength) of a container made of pork skin gelatin, eggshell,
and walnut powder

Trait PG-W1 PG-W2
Hardness (kg) 8.61+0.84° 6.16+0.61°
Spinginess 0.65+0.15° 0.79+0.06*
Cohesiveness 0.71£0.06° 0.92+0.04*
CS (MPa) 92.18+2.55° 127.29+1.56"

Mean£SD.

*®Mean in the same row with different letters are significantly different (p
<0.05).

PG-W1; container made of pork gelatin and walnut 10%, PG-W2;

container made of pork gelatin and walnut 20%.
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Table 2= AxHHS A% PG-W13 PG-W22]
T 54 AxE YEd Folth dFAEE PG-
92.18 MPa, PG-W2+& 12729 MPaZ &% 72
20% B A T7E 10%E 92 Aol vis) fo
= —‘38 e JER AT Aegde g7l 54
ZAL 7] e, 1 AARE FE7F AR, %‘Jr =l
FoFslthe @S 7HX1 2 A th(Zhensheng et al., 2005).
b FFAY 7tRAE Hrlete] ol ddshe Flo]
=23}tk Kim et al (2011)94 AgE o] 7t Al (cross
liking agent)E F7}elAS o, 2 H]&o| F715 ol webA
USFE=7 =okohaL iﬂ%*ﬂ 2 AFTA T} FAFsEAR
t}. Shubhra et al. (2011)& <= Aetelo] AL}

F{E i)
oo = A
3 o dlo rlo ol

=

=

12.4 MPaZS YeERNH, S|
445 MPaZ 23S =9 4 oty B weba
Aebel e g e] o] TH e &
AL F71H 07 Hubsle] E71edAd o) Wkg-S Yol 4=

ATFIL ALZE T

O|dE 2P

=3 Adgel, 47}, 37 g4 FEe Egeh AR
2719] general bacteria, E. coli =7 23}
ERNATE. general bacteria®t E. coli 23
ollA general bacteria & E. coli®] H&F

2 gkgkon, o
01] utet AEeld &719 fFEAgole] dS vjdEel o
T AP e Ao® adEn AR 871 A=

]

ERY FEEo AxH7] Wi vAERES] fEc] e
g 87190 HlElA =& o= AZEti(in & Zhang,
2008). wEbA AR 8719 dF PAES A ek,
AZFTHANTEH, 5, B, &Hld o277 d#H
o] HAolA HA st WA vAES Fotste Aol &
&tk MAES FREAEC o) W g3l At
a#H A o]our AFo A ARG 7] AR A %}24
3] Fe dzxste] Azxsil7] wiEol] el 3
Q4= AAHJTL AGETHYoon, 2010). 2] F ] FE
A9 714 & 8724 FAd= A A8 AS5E
ARESt] WhE 8719 A EA 7]Ee AA A &
A A 8715 o] &ate] AES HAsiiS Hﬂgl
=S EA4% d5 A3 Bad vb AthAn &
Shin, 2000; Lim et al.,, 2010). W&kA E AFM = 2F
S Haste 3 T rAE B4 9 Zash Aog A
i=23l=3
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Table 4= ZY FH S AZ PG-W1 PG-W29] &+
82 Yehd ®elth 27 E coliE 8.11 log CFU/g2
g3o] Ao o] &attt. 2] BHAg &719] E coli
4+ PG-WI17} 5.12 log CFU/g, PG-W27} 35.01 log
CFU/g2 Yt 35 44 22 10%7F felde=z =
2 #e BYon, ol 2 FA d¥] gilslso] U=
Agiele] FheFo] 7] wjZolgta AdET HAEE ©

Table 3. Microbial population load of a biodegradable containers coated with sodium alginate and potassium lactate

Traits 1 day 4 day 7 day 9 day 13 day 16 day
(LogT(?FCU /kg) ig_gé non-detection  non-detection  non-detection  non-detection  non-detection  non-detection
(LogECclé)[lIl /ke) gg_xé non-detection  non-detection  non-detection  non-detection  non-detection  non-detection

TBC; Total bacteria.

PG-W1; container made of pork gelatin and walnut 10%, PG-W2; container made of pork gelatin and walnut 20%.
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Table 4. Growth inhibition ability of against E. coli O157:H7 in
biodegradable containers coated with sodium alginate and
potassium lactate

Traits PG-W1 PG-W2

E coli O157-H7 Early E. coli 8.11+0.17
. coli . ! b
(Log CFU/kg) 292y 5.12+0.74°  2.84+0.34
Decrease rate (%) ~ 63.14+9.08  35.0144.16

Mean+SD.

2 ®Mean in the same row with different letters are significantly different (p
<0.05).

PG-W1; container made of pork gelatin and walnut 10%, PG-W2;

container made of pork gelatin and walnut 20%.

—&-PG-W1 —O—PG-W2

Biodegradation
reduction rate (%)

1 2 3 4 5 6 7 8 9 10 1
Time (wk)

Fig. 3. Biodegradation prediction curve of biodegradable
container made with mixing pork skin gelatin, eggshell, and
walnut powder. PG-W1; container made of pork gelatin and
walnut 10%, PG-W2; container made of pork gelatin and walnut
20%.

gk PG-W1°] 63%, PG-W27} 35%= UElSth Kim et al
(2013) 50 mgmLe] %= Aelelo]s DPPH A5 2}
Oz 27%0] 60%°]™, HIEFT] Coll H]ajA= RFAN =
2 PAstsS 7HA A vhal B ST Jeong et al
(2004)> A7 o) E oM ELA FE3 F2E0°] 60% 4
9] DPPH A &2 A4S 2Y o, 13-18 mm &
=] =2 oS Hrta eigint. ek At KA <]
o] 8t AES 2 o AF e Y
A PRAES AT S Ao E FdEh

M=

Az 2 318 A& Az AT &7 A2ss A
= 47 T SAHE FA BAES VTeE dF F4S
e GepdTh A A3 PG-WI12 oF 75+ 7hEF 9
e EH, PG-W2E 115 71 &4 Zejdv= & o
=2 F AT R mEY FekaY Wi d3)E
Hd BFo] 7 sl 500 o), i =92 5d,

FA7FEE 204 =2 o AJ7ko] A-Tial BAIEkS]
TH(Ministry of Environment, 2019). You et al. (2015)<
Q] nfo]l e STAE ] AREo] O Y o|ff F shE 3L

7bel ey §719) 2Aleky $A s & Aol

Q (] 5
2 A7 AR 7] el Aol tiFgel
M B2 AR Ax ARG §719) we] B3
o Yot A7 Az £, $3), gujo] Yol £3)7} ¢

2 AL =2 UERstT oo
=95 01%8}04 £$6H |71 MEsiaeon, g4 g
ol A3} 3% A B 10%S 78 g FolM He
TS BYoH, 3% A2 B 20%E H7He Aol
Al =9 271 P& RS ﬁﬂ%‘ - 919;11:} B4 A7
BAEE UE
22 20% z%r‘ﬂ%ﬂ H =2 ©@EA

T 44 B2 20% 2Tt
. General bacteria, E. coli 1+
© dAM EREE] vAEEFEH P2
7ro g2 ARs)E Hart e AoR Bty S
F2 vt sEA AR AHE B A% 7174 ¢t
Aol =2 8719 M sHEo FFS Hast &
US Ao E Herdn, epA] =3 depdol] 47t S
7@%

4 Bue dol Axd AR 8719 el 7%
oJElZ olgd % 91 Ao AztET.

a2

TR 20219 % AR AAFHEH B EAT gt
AA T3 AT”EA LA E A8 A HiFAl e}
St o34 78t 71EQA YAlE 9] X8 wrol A7 UE
YTHWISET-2021-1593%).

2 AFe w208 AYgsiE &8 A 74
e 2 7]a)s JHEH(PI0152812020)2] A Y-S o}
¥ A AFoln o]o] A=Y

Z
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