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Characterization of Rockfish Skin Gelatin Composite Films

Song-Ee Beak, Hyeri Kim, and Kyung Bin Song

Department of Food Science and Technology, Chungnam National University

ABSTRACT To resolve environmental pollution caused by synthetic packaging materials, biodegradable films have
been studied as an alternative. In this study, we prepared rockfish skin gelatin (RFG) and nano-clay (Cloisite Na"
and Cloisite 10A) composite films to compare the effects of nano-clay on the physical properties of RFG film. Gelatin
was extracted from rockfish skin and used to prepare RFG film with sorbitol as a plasticizer. Tensile strength (TS),
water vapor permeability (WVP), and water solubility (WS) of the RFG film were 15.0 MPa, 2.70 X 107 g m/m’
s Pa, and 53.8%, respectively. Addition of nano-clay to the RFG film increased TS and decreased WVP and WS.
The X-ray diffraction analysis and scanning electron microscopic results suggest that RFG/nano-clay composite films
formed an exfoliated structure. These results indicate that RFG/nano-clay composite films can be applied as bio-

degradable packaging materials in the food industry.

Key words: biodegradable film, composite film, nano-clay, rockfish skin
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clay®] Sl wtel dEe] 40] AA Zebd 5 ATKT).
53] nano-clay®] 344, 247 Aol mE whld dF
e compatibility= &) =40l F&FS 713t whebA
B Ao s # vk w71EQ 98 AR Add
& FESo] Az A A5 249 78 AR S
Eol7] 9%k B4 0% nano—clayE ZH#HE H¢EEE Al
Zate] 1 545 ATetaal skt
Mz H Y
24 M=
2 A AHeE 8 AE2 dAFGA a4 e

Suj A G A Al Rkol ARSI Glycerol, fructose,
sucrose, sorbitol> Sigma-Aldrich Co.(St. Louis, MO,
USA) A|#F& 2183519 21, nano-clay(Cloisite Na*, 10A)
+ Southern Clay Co.(Gonzales, TX, USA)ol A -ujj gt

AES AHEBEATE
28 ZE HaE(RFG) F&

-8 AAS I 3X3em AR IAV|E At 3 52
Az ste] BEFES AASAL FEAS A9 ddS
AAs 7] st 2 AA 100 g& 0.01 M NaOH &
1 Lol ¥ 1583 wRket & =2 33 A3l X e
<2 A2 100 g& 0.05 M acetic acid &9 1 Lol ¥
15%3F wnkel 5 =2 33 AlFssith Hel & 95 432
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of 6ufe] T/HFE Wil 70°CellA] 3A1F &<t awkste] A
AEE 712 10,000 goll A
2 A5 NS cheese cloth® o3}

[s}
% rH®). 9 A Aee] &e o

Sodium dodecy! sulfate—polyacrylamide gel electro—
phoresis(SDS—PAGE)

SDS-PAGE+ Laemmli 5(9)9 ¥H& #7430 A4
3+ th. A8 separating gel& 7.5%, stacking gel& 5%
2 Alzslar, A7]9% 2 20 mAA 333tk Coo-
massie brilliant blue R-250(Bio—Rad Laboratories Inc.,
Hercules, CA, USA)S Al&3ste] |Agt & gAlsgin

3% 3 EHE M=E
Bae 5(10)¢] W& 745kl Alxat
Z5ol 3%2] sorbitolS #7}a}

I

At =
3L 70°Coll A 30%7F wHket - nano-clayel HF s=7F
Agel ko] 2 4, 6, 8, 10%7F HE% Z3tsto] 70°Col
A1 Rk TE A 718k nano-clay 7l ¢ kA
=3 = 8,000 rpmellA 5% &<t homoge-
nization 8}al, 743t sonication SFATH 71AA FFHE 4
A3l7] 91g AnAd Ai}(data not shown), glycerol,
sorbitol, fructose, sucrose oAl 7} -3 244 &
Ebd sorbitols 7taA2 A A A F
o
5

[e5

Foll 10%°] A& =33 § 50°Cel A 100+ &<
Hkate] Al 28kt Nano-clay &2 Aztd &5 &
E3}3}e] 50°CollA] ThA] 308-7F wHHEE % homogenization,
sonication, degassing, filtration ¥48& A Z& A
Mg Azt AxE 25 £9L petri-dishel] 12
mLA B3 5 Ao 1547 AZRAA DES AFS)

o off rlo
of Rl U T

E AIR(2.54X10 cm)o =4 A4 LE(tensile
strength, TS)2} 417-E(elongation at break, E)2 ASTM
Standard Method D882-91 ®WH ol w}&} Instron Univer-
sal Testing Machine(Model 4484, Instron Co., Canton,

MA, USA)& AH&ste] Alad 58 Wk S48l

LEo| +EENER B85 £H

B E 3} & (water vapor permeability, WVP)&
ASTM Standard Method E96-85 W ol we} 5743}
o ZF A82X2 cm)9 & & =(water solubility,
WS)¥ Song (119 Wiel wal 43ttt

X—ray diffraction analysis(XRD)
XRD #2418 multipurpose X-ray diffractometer(D8

i<

= 395

discover Diffractometer; Bruker AXS, Karlsruhe, Ger—
many)E ©]-83}9] Cu radiation(A=1.54 A), 40 kV, 20 mA
ZAA SAHsGT. = A ExE 20=3~45°(scanning
rate, 1°/min)$l 31, d-spacing %< Bragg's equation(A=
2d sin©)ell whe} Akt

Scanning electron microscopy(SEM)

92 44 AR I} nano-clay HFLE TAY oA
") M1+ %+= focused ion beam scanning electron micro-
scope(LYRA3 XMU, Tescan, Brno, Czech Republic)&
ARgste] SA4sith. 352 Wgos IYst & e
1,0008] &, ©HS 20008 &=2 S35
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SDS—PAGE profile

8 AA2RY FE3 Agd ] %S E1s87] 9
3|4 SDS-PAGE 23 a3l thFig. 1). 24F
Mol A8 major band®} 2 ¢ minor bandsZ&

n

3, U2 F79 catfish skinol A AgdS F53
Zhang 5(12)9 A7+ ZA#e} FASFATE 53] 120 kDa
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Fig. 1. SDS-PAGE profile of rockfish skin gelatin (RFG) extract.
(A) Molecular weight marker, (B) RFG.
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o A+ nano-clay9] &5 W&
st HEA 07 HA5A /a0 THE Cloisite Na* ¢+
10AZ AF&-3}3t). Cloisite Na* 7} natural bentonite 24
FEseFo] A¥ o2 o} hydrophilic 3 ¥HH, Cloisite
10A+= dimethyl benzyl hydrogenated tallow(2MBHT) =%
HE A7) bentoniteZ 5 geFo] A1 A S & hydro-
phobic ¢ A& zte=t)

RFG/nano-clay 5459 TS¢ EE 4% A3+
Table 13} 20 Yel At} Nano-clay(Cloisite Na*) &gt
25 nano-clay #71¥o] S71&+5 TS7F Aa 718
o}, 8%% H713S o 30.7 MPaZ Hu) TS #& 714 &
10% 77} gollxe thAl askes 23E Bl ol g
e AES A= polymer®t nano-clay’} 24
AR T A £ o] & B9E 273 nano-
clay #244718] M= SH{Po2MN EAo] 23|78 FHag A
o2 #dET. Lim 5(14)9 AT Aol AM L Gelidium
corneum/nano—clay(Cloisite Na*, 30B) £330 &<l4 nano-
clay 3% 74 TS7h 7kstek7h 1 o3 e] sz &
2 o) TS7F Haste], B A5 A7k A3l gk &
$d 59 EE nano-clay %7} 8% o thx7¢] 288%
ol A 71.2%7+A 7HA3l .

L)

ob

Rl

RFG/nano-clay(Cloisite Na*) &g E2] TS7} Zo]
Z7}8taL E7F 7443 Ads ) %% 22, RFG/nano-clay
(Cloisite 10A) B&Z &2 TS¢ E A3+ nano-clay 37}
ol whet FEg A glo] kA S 2 sk Wt
= ®Hth o]# 3k A}o]= Cloisite 10A7} Cloisite Na* #+&=
22 RFG polymere} & £35 %] &3}7] W&ol nano-
clay 7Fge] F7bol|l wh& zfol7h vA] @ Ao, ol gt
A 5449 Age o] B4hEE nano-clay?)
AFA/aed A Aol wiiolgal AeETH(1b).

= b
24 EAS 7HA7] Wi & #
2 tH13). RFG/nano-clay &%
HE WP WSE ZA s 23 (Table 1, 2), nano-clay
A7 WVPE AaA71E 295 Yepdled 2 d=s
nano—clay type°l wz} 24 YErSY. 4294 nano-
clay@! Cloisite 10A7} RFG HE9l B3] WVPE 27% 4
A7) 8bA | X494 nano-clay$] Cloisite Na'+ H o] 44%
7HA] A ZT o= 2194 nano-clayZt At FE] v
o 4L At 23S AT 2N & Ao ks A
st a7t & 3o 2 whd ) Nagarajan 5(15)9] AT
Ay W29 Aetd FFe) nano-clayg #H7}skAl A
B 227 2ES S8l EitEe A2 v s 9E)
7t2935 WA polymer matrix Wh-ol FETES A=
(tortuous path)& FA3te] & Z44<9f g4l

S
I Baeglar, A4S 712 nano-clay®] 7%

o

Table 1. Physical properties of RFG/nano-clay (Cloisite Na") composite films

Cloisite Na' (%) Tensile strength (MPa)

Elongation (%)

Water vapor permeability

ae o
(X10° ¢ m/m® s Pa) Water solubility (%)

0 15.01£2.97M? 288.36+11.16°
2 21.46%5.16° 163.36+15.82°
4 23.63+4.27% 141.2449.58°
6 26.75+4.12%° 109.68+11.54
8 30.74+1.63° 71.23+8.90°
10 29,5442 85" 101.61+5.49¢

2.700.12° 53.80+3.41°
2.1120.18° 41.11£0.11°
2.08+0.09" 39.14+0.48"
1.88+0.07¢ 38.33+0.42°
1.72+0.14¢ 36.86+1.33°
1.51£0.14° 33.44+1.51¢

YValues are mean=SD.

?Values in a column followed by different letters are significantly different (P<0.05).

Table 2. Physical properties of RFG/nano-clay (Cloisite 10A) composite films

Cloisite 10A (%) Tensile strength (MPa)

Elongation (%)

Water vapor permeability

M 0,
(X 107 o m/m? s Pa) Water solubility (%)

0 15.01+2.97°9? 288.36+11.16" 2.70+0.12° 53.80+3.41°
2 18.63£1.26° 307.53+25.96" 2.41£0.05° 48.89+0.82"
4 17.46£2.41% 272.61+£14.62" 2.31£0.08° 46.99+2 38"
6 18.93+1.50° 260.00+£19.58° 2.26+0.080™ 44.92+2 41
8 18.28+0.92° 273.18+11.35™ 2.14+0.02° 42.72+3.64%
10 16.23+1.13® 253.78+12.58° 1.98+0.15¢ 39.43+1.20°

YValues are mean+SD.

PValues in a column followed by different superscript letters are significantly different (P<0.05).
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clay 9750l A& 33 57] wiel 44 nano-clayell
H|3] WVP 7Ha g 37t wobxinka Awelith Lim 5(14)
ol AF Ao %= Gelidium corneum/ nano—clay &%+
¢ WVPZ} nano-clay 37l S71&5 Hashe 4
H}= B, 1448 714 Cloisite Na™ g2 E0] &
G35 71 Cloisite 30BE.tF WVPE T #HAAA & A
Aol g A& BTE E B Aol A 9 RFG/
nano—clay Hg2 59 WS 9A] ¥4 nano-clay?] Cloi-
site Na' & #7138 D29 water barrier £37F of & Ao
2 YeRt} Cloisite Na* #3-2&9 WS7} 53.8%91 4
A 33.4%% 72319011, Cloisite 10A E3td &9 WSE=
39.4%= A3kt

X—ray diffraction analysis(XRD)

XRD+ nano-clay 2 &9 725 A+st= vl 7
wol AHg5 &= e R B AF AL RFG/nano-clay
FEE F2E F4317] Aste] XRD #4145 3 tHFig.
2). Nano-clay”} polymerel #4ts = F8 ol whah A3
TZ(intercalated structure)¢} BF2]d FZF(exfoliated
structure) = WFEd], 4918 1% 7} Bragg’s equation®l]
o Aat®l 7 F7Hd-spacing)S S7HA# diffraction
peakE Y& angle® shift A|7]& W, 9he]d FxE
nano-clay 94A7} polymer matrixel o L3tA EAkE o]
2 AR S Ao £4kE AEE 7HRITHIS). &
Aol A Cloisite Na'+ 7.10°(g=12.4 A)¢} 19.7°(d=

397

e

(=19.1 A)ol A main peakE EF =], o]& Lee 5(16)
o AT Aot frAksth gl nano-clay 532 FellA
i+ 37Fe nano-clay 7 B &% 7= Awglel
nano-clay Cloisite Na“#} 10A ¥ peak t2ld] RFG
film peak(19.8°, @=4.49 A)%to] UElY} peak? angle
shift7} A% ®] &t7]9l, nano-clay”’} RFG polymer W
Fol A FakE wedy FER7F FA AT ATET o)
g XRD A3 A= §-9 A4 Agpd B3 EA Hrtd

nano-clay$} Aztel 7+ £4F 9 compatibilityE X5+

Aoz BIAZ] B4t ABAS AARSITH E3] vy
Y & A ¥ nano-clay 7} SFEE 9 EA

Fo A% F shvolt).

Scanning electron microscopy(SEM)

SEM< o]-&3}o] RFG/nano-clay 233 &9 W3}
WS #2380 2 M nano-clay’} RFG polymer W-oll
vy # LA A A=TE deE 4 Jvk(Fig. 3). &
59 39 54 49 oju g ol 2k E 5 gl
), 53] RFG €59 xH2 o} vz e glch 18
i Cloisite Na" B2 &29] 8L nano-clay YA} a2
Al EAkE o] v A Ut £ 12l vk, Cloisite 10A
= +dE golgls #&Ed

s
(o3}
=

A 2E AL

9
U 2 5 glo]

[e)
A5

BTk, REG B89 v 9] BA4

¢

o . = .. o ° = = _ .. +
4.49 A)ol A main peaksE ®.9 3 Cloisite 10AE 4.62 #9438 FelE B}t T3 Cloisite Na
\/\ ARG Cloisite 10A. 10%
_? RFG/Cloisite Na™, 10% ;
z z RFG/Cloisite 10A, 8%
3 RFG/Cloisite Na™. 8% | &
= =
REG/Cloisite Na~. 6% RFG/Cloisite 10A, 6%
RFG/Cloisite Na™. 4% REG/Cloisite 10A, 4%
NG (Cloisite Na’, 2% RFG/Cloisite 10A, 2%
REG film
RFG film
Cloisite Na~
Cloisite 10A
0 10 20 30 40 50 60 0 10 20 30 40 50 60

2 Theta

2 Theta

Fig. 2. XRD pattern of RFG/nano-clay composite films. (A) Cloisite Na" composite films, (B) Cloisite 10A composite films.
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Fig. 3. SEM micrographs of RFG/nano-clay composite films (1,000 X for surface and 2,000 X for cross-section). A~ C, surface;
D~1J, cross-section. (A) RFG film, (B) Cloisite Na composite film, (C) Cloisite 10A composite film, (D) RFG film, (E) RFG/Cloisite
Na' 2%, (F) RFG/Cloisite Na™ 6%, (G) RFG/Cloisite Na' 10%, (H) REG/Cloisite 10A 2%, (I) RFG/Cloisite 10A 6%, (J) RFG/Cloisite
10A 10%.

o &= nano-clay®] H7}Fo] T71d45 SAHX Jojg §l o] B3 o] EAo #ete] ATt ¢ HAZHFE
ol tI% wdstd AHE Bl=tl, °1Z2 RFG polymers} Aot g F53810] sorbitols 7hAA A F7EeE Tl
nano-clay Atoldl 7 AES | wj&of TS} 2S5 AP, AFxE RFG ZE9 tensile strength
e BEAol =718 Aolgtm wekEth ¥hA Cloisite (TS), water vapor permeability(WVP), water solubility

10A S5 &2 A& U159 polymer chain®] &A (WS):= 717} 15.0 MPa, 2.70<107° g m/m® s Pa, 53.8%9%]
A = Ae BEE 5 dATh o] A2 RFG polymer<} 4~ t}. RFGell nano-clays 37+t 53252 TS7F 578k
/35 712l nano-clay7} &% &35 o] At VIEA = WVPeF WSE 7433tk XRD #41% SEM 54 4345
£ tha afely) wEoleta AZEAT). mebd poly-  Bdte] REG/ano-clay BEBE il wely 728 3
mer W9l nano-clay #4F 2 A3 A =7} Cloisite Na* s geldd = Itk ARdog B Ay A3} RFG/
g ol ve) At on Behgale] e BAF FE  nano-clay HURES ALY AN 489 5 208
Agde 7HAA | Blelekal AzbE = AARERH
deros & A Ax 255 9498k polymerst
AFet A28 717 nano-clayE E£%sle] B ES A% ZtAbe] 2
e A BAT FE AZYE FPA7)E B31E 7]
well A A el SR8 S8E F ASS w A7 A ATl A 9(NRF-2015R1D1A1A010
AJAREI B Eo] nano-clays H7Heh AEelAd A2 58736)°l °JF Fow AAE ="yt
A83H= #1814 += nano-clay type®] A4 543} &8
ek, thFe polymer9to] Ao Aol g F744Q1 AT REFERENCES
7} ¥ Zeositta daE
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