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Bioadhesive Characteristics of Biofilm Manufactured from
Gelatin Derived from Acetic Acid-treated Skin of the Yellowfin
Tuna Thunnus albacares
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Department of Food Science and Technology/Institute of Food Science, Pukyong National
University, Busan 608-737, Korea
'Division of Materials Science and Engineering, Pukyong National University,
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This study aimed to demonstrate the bioadhesive characteristics of gelatin biofilm to rat skin. The biofilm was
manufactured from gelatin extracted from the acetic acid treated-skin of the yellowfin tuna Thunnus albacares. The
bioadhesive strength of tuna gelatin biofilm was compared to that of porcine gelatin biofilm. The tuna gelatin biofilm
exhibited a higher bioadhesive strength than the porcine gelatin biofilm. Gelatin biofilm was subjected to glutaralde-
hyde treatment at different concentrations, temperatures and pH in order to improve its bioadhesive strength. Glutar-
aldehyde treatment improved the bioadhesive strength of gelatin biofilm up to three-fold. The bioadhesive strength of
glutaraldehyde treated-biofilm was significantly decreased by application of sodium borohydride.
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Aetel e o] v, Aoz, w, dx 5ol F53 =
A9 Foi 2 dojA= IEAEE R AFETE oy} o= 4Q)
ZHo g nojaefia i, AT, SAARE FAE
5ol gg] o] &% a1 Qlth(Schrieber and Gareis, 2007).
Azte o) o AAAF = AL F7hstar )lat, Azt
AIA B3 326,000 M/TO]| o] 2], ARE e g« 742

(46%)0] 7P BT, & 7F2(29.4%), 2= W(23.1%), 7| EH(1.5%)
O 2 A QItHGME, 2008). Aehel2 A2 174 o] 2] 7
shilofl mat type A 9} type B Al2bEl 0 2 Lj-oj 2tk Type A
Aekele 2eAE AF A3 A0, ype B AEe 2
< obzre] Ae]sto] AR S A ECK(Stainsby, 1987). 4
2t Al Al S Aol a7k 2 BAg Feplo] A
AokaL, Ak A ez ol F Uk A9k A& FRATol A Zehd
of| kst 7 o 2 ® eIt (Montero et al., 1990; Stainsby, 1987).
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2] e AF AAFHE Tt AT ol E A
OJzfo] ofsff Abg-of Aloks 7]k qhth(Asher, 1999). 544F
e At G I B wiAAE Aol Al7]=
THsAol| tist =ako] A7) |3 9Jth(Wilesmith et al., 1991;
Schrieber and Gareis, 2007).

Aekele] Qb SRold SAEE A0S thAIs) Slat
of ol Rk Aatel e Axdtelt B A7} o|Fo] A1
it} =, WE(Kim et al., 1994), A }=(Osborne et al., 1990),
g2} ol (Gudmundsson, 2002; Jamilah and Harvinder, 2002),
57do1ek 24 o|(Kim and Cho, 1996), T, HIEFAL, &' A]
(Gudmundsson, 2002; Gémez-Guillén et al., 2002), A}o] =
(Cho et al., 2004), 3t}=o](Gudmundsson, 2002; Cho et al.,
2005; Yoon et al., 2008) 5 ©|-8-3F Aetel o] 5o et A
T7F o] Fo] AAL Qlek. o} 75 o83k Aehel PArEES o35
Z7|HA = AT AA Aehe ABARES] oF 1%0]] AuHA] ¢kar 9l
tH(Arnesen and Gildberg, 2006). o172 A2, W, X|=&u] &
o] HakEeFo] 917k 7309 M/To] o] 211 9lo](Kelleher, 2005),

7 RFARES] B85 9ttt A7 A& E A )tk (Holzer,
1996; Nagai and Suzuki, 2000; Wasswa et al., 2007).

.
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A2l 2 A A A & (biomaterial) 241 ©] 0]-§-/dof gloiA A
AxsH o] & olxdo] UAT E2| %] ST e Aol thE
G71EHA R RO e EA o] Qltk(Yasuda et al., 2005; Lee
et al,, 2004). o] 5 S53}7] 95t s}et#] 7hadgto] gol o]
&=L ok

AetEl o] shskA 7l A2 glyoxal (Carvalho et al., 2006),
epoxides (Sung et al., 1996; Sung et al., 1999), isocyanates
(Bertoldo et al., 2007), carbodiimides (Sung et al., 1996; Liang
et al., 2004), formaldehyde (Carvalho et al., 2006; Sung et al.,
1996) U glutaraldehyde (Khor, 1997; Zhang et al., 2006) 5-©|
ARE-% 31 Qlth 1 3 glutaraldehyde”} Aetel Lz 9] 7F=9}
TS Aok ol antAel Ao s deA QokLiu et
al., 2007).

AR RS A o2 A E e 2EES 7l &4 W car-
boxyl group I} Z-2- 0] 23} 7H53t 5 Wol 7HI o2 M 3
2= 9] carboxyl group I A EA} Alo] 9] amino E+=
hydroxyl group 7+2] 7} 23S g /dsto] 42k &olsHA g
tH(Matsuda et al., 1999). Az}el& B2} U] 71 2she] & A] A]
A 78 HAAZ Dol AR A1 ¢l fibrin glue X
o =2 2 EAS Hole 4= 94 tk(Otani et al.,
1996).

2 Ao e sE AR Aot 7t At F
RAHRA NS F24 oz grigdol AARRE 3234
El0 2 nlo]Q HWES A %35}o] glutaraldehyde 42| 7tw 2
= &% 7 AR A2 HIlE AR o2 A%
Hhol e A5} vl skl
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1
i

of

ST
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e H EH

=

H2E Ao 2= 557 ¥ Sprague-Dawley Al =7 &
o AL AHg BT AREH 024 2 4D AHBL 10
30X 1 mm 37| & A &s}o] vl2 A}L-3}9 ).

ESF =43t AL vws|H 7] $5}e] Sigma Chemical
Co. 25¥ 143t SA4 55 5212 Gelatin (EC No 232-554-
6, Type A :From Porcine Skin, Sigma, USA)-& A8-5}%ith.

A|9FO 2 = glutaraldehyde 25% solution, 2-mercaptethyl-
amine hydrochloride, 5,5'-dithiobis (2-nitrobenzoic acid)
(DTNB), sodium borohydride, sodium bicarbonate £ Sigma
Chemical Co. ¥ Q]3] ARG-SHGITE. & Atof] ARE-H
HE A]9FL analytical grade o]t}

ZAAL 10x30 mm 27| 2 A= th-S, 108]32] 0.2 N acetic
acid(Junsei Chemical Co., Japan)E 713t & 10£2°CoA] 6 A|
7F 52t shaking incubator(NB-205V, N-Biotec, INC., Korea)
£ olgsto] WusHlh. 1 F, 1241 o B2 B ol
Sko] Z3}aA-S A%l 3 3 N NaOH(SK chemicals Co., Korea)
& °]-8-5o] pH 72 243 th& 60°C water bath(HB-205W-
S4, Hanbaek Scientific Co., Korea)o| A 6A]7F 52 7} & 5}o]
Ael S FE30 2wa2 AlAsH] s 5 A 110 mm
Filter paper(Advantec, Japan)& ©]-8-5}o] o]1} 3 7 o] 1} of
= 40E2°Coll A F=31Th FFE 8AS 70 1°C oA =
(WFO-700, EYELA, Japan)A| 7] 5| 100 mesh& F-2}j5}o] Et
Aol Az st

H2tE Hio|TES| MZE

7 AA o] F2HE S4S A8l 6.67% (w/v)o] Aete =&
o 25 mL £ 100X 100 mm ©] Ze}AE & 9]0 23140+ 1°C,
RH 50+ 1% ©] Z710]|4 24417k 59F A% A A 0.2 mm F7 2]
Hho] @ I5-2 A 253t

H2tEl HiO|REE 2| glutaraldehyde X2|

A|zE o] P22 10X 10x0.2 mm 7|2 A2 thS 2
M glutaraldehyde S $H5-5F 50 mL ©] phosphate-citrate buffer
solution (pH 7) of] 2 #|3}o] 60°C of| A 24|17} 52k % 2|5}t
Glutaraldehyde #|2] o] Hlo] @ WEL Zeaol 28] whza}
of 873 Ao 4| 24417} Bk 2|7}

A EA 27

Aetel vpo] e @53t 5 A2 2k fibrin glue 2] 4]
28] 274 ¥ (Fukushima, 1986)& -2 43 oz 24
st F ARAL HAS AFRSle] 1 27]E 10X 30 mm 2
ety 3 AR Zls | mm 2 5519t AEE 25
o 2% (25+2°C), FUe 5 E(RH 50+2%) oA 3]

AzE Aehd vlo] 2 WES F7] 10%30 mm ¢l ] A
Zo] Hu| ZEE 10% 10 mm o Y2|A]7| 3L o} &t 2}
A4 BEE 10X 10 mm 2 1 95 93024 H2HA
X 10 mm & FY3te S 3t et Habd Aol 10271 1 kgf
9] 3-8 713t 3 QIR = A (MICRO 350 Tensometer, Testom-
etric, Uk)2 AM&-3}0] loadeell 2 kg, 5 mm/sec®] 27104
S SAskITE MRS HA 297t s 2eE e
maximum load FfO &2 AMEs}¢om FU 7oA ST HHE
ZAskct

olsl= 7| &l =X

koo 3

F

O mx ¥ oft
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—

5x5 mm 7] Aztel vpoledEg 1 mLe 0.1 M
2-mercaptethylamine hydrochloride =8 Alo)| A 37°C, 8A| 7k
e FABEe] A3 =7]E thiol 2502 WA ZI T 12
31 2 mL ¢] 2.5 wt% sodium borohydride carbonate ¢+5--8-91
(pH 10) o[l 37°C, 1A%t 5-¢F R A8k o5 37°C&] phosphate-
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citrate25-8-H(pH 7)ol A 28 3P+ &, vlo] HF-S 5 mL 9
1 mM ¢] DTNB phosphate-citrate 222 (pH 7)) 4] A4 3}
of| A 37°C, 15A]7F =9t thiol-disulfide W3+ HF-- o] Yo}
= gt

UV-spectrophotometerE AFE-3}0] 412 nm of|A] 2| %
thionitro benzoate anion (1) < 3§53 g0 -5 =4
39t 4d|s]=7]2] %= thionitro benzoate anion (1) 2]
2= A4 13,6002 AHE-5Fo] AlAFEFY THEIIman et al., 1959).

Glutaraldehyde x2| Z2tEl HIO|QEES| &3 X2

Glutaraldehyde -g-219]] 60°C of| A 2A]7F &<k A A1 A L]
3 E7)E =YAIZ] AetE Hfo] - =0 sodium borohydride
2 Apgsto] ads=7]e] BAS SEskett. 10X 100,01
mm ¢ Ag}El Hio] @ FE-2-0.1-2.0 M glutaraldehyde 828 A}
oA 60°C 7oA 2417 F<E REE-5to] AHS| =7 & EAAl
71 glutaraldehyde-Ae}g] wlo] L =3} 2.0 M glutaraldehyde
gHo|HpH 3, 5,7,9 211 & 243}o] 60°C 27104 2417F
B BSske UHs| =718 EYAI] glutaraldehyde-4 2t &l
Hpo]| @ ME9 2.5% (w/v), pH 10 2] 50 mL sodium borohy-
dride of] A3k 60°C o4 1547k BEg-Al Tt

SAEA

zhzre] Al=ol 3] 2
woll mE oAt A
Duncan's multiple test©]

R=)
i)
Eha
1
ol
2
i)

Glutaraldehyde S=H210] IHE AXE=E Hat

Glutaraldehyde7} }ero] Azkel wlo] o B 2o) sj5+4 7}
mATe] WA AR AR ) WS olry] Slate],
glutaraldehyde 9] %%, | A|7h &, pHol| W2 W= F%]
ek E 3} vl w kit $410) vtol @B E <] e =]
ahepe] watel AR H e ko] A& Pobugiet.

) glutaraldehyde] %5 #s}o] w2 7 747k0] Frie}
of ekl ulol @ M| YA WA ] ek whA Ak v}
o] @ =3} vlaske] Fig. 1 of] Yepi ek, =i2] Aehd vio] &
259 7§ glutaraldehydeo]] 34| 8}A] o2 szt 12
0]3.39 kPa® Ugtl, glutaraldehyd®] =5 0.2 M o]|A] 2.6
M7HR] S7A17) ol whet 3.85 kPa of| 4] 20.03 kPa7hA] 42+
o] F7keF3l e, 18.07 kPa o] A2 UEhd 2 M o4
O] Fo A= YA Aol 5 HolA] ghQitt. Wi, Shrheto
Aztel vho] 28 -F9] 79, glutaraldehydeof FA] 5HA] 42
Z-2 A2 0] 6.68 kPaz Lp¢kal, glutaraldehyde 2] &
T 02 M of|A 2.6 M 7}A] =713 ul2) 10.84 kPa of| A 30.83
KPa7}x) 22 0] Z71514.0.01, 29,36 kPa 9] HA2l L Liehul
18 M o]449] oAl §212) 2ol S Holx] gkt of

=3 - dAE
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Fig. 1. Comparison of bioadhesive strength between yellowfin
tuna T. albacares gelatin and porcine gelatin biofilms treated
with varying glutaraldehyde concentrations for 2 h at 60°C.
Different letters (a, a', a", etc.) indicate significant differences
at the « level of 0.05.
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Fig. 2. Changes in aldehyde contents and the bioadhesive
strength of yellowfin tuna T albacares gelatin biofilms through
addition of varying glutaraldehyde concentrations for 2 h at
60°C. Different letters (a, b, ¢, a', b', ¢, etc.) indicate significant
differences at the ¢ level of 0.05.

of o] Frhefo] Aetelo] x| ¥« Aetelmrt 9t
glutaraldehyde #2]A] Aetelze) 7l AT B0 Y2t
o] =LA 3= 3iek Cho et al. (2005) Frhdo] A4 Aete
o A = 50 /o] WA AebdE ) Erhal Bkl 9l
Yoon et al. (2008) Brtae] 747 Aekele] ggte] chat M
2o o} 945}, B%| Krh il B TelT Gl AR B
o} griwto] A4 Aetel o] E4o] Sp5to] &4 = AE
O AF LR 7HaS AipE Hoj itk

Glutaraldehyde ©] 5= Z7}o] w2 griefo] Aete ulo]
S IE Fo] UHs|=7] T Fig. 200 Uehfilet. ddlsl=
7] §rere) %% glutaraldehyde 57} £old4E BE Fol
o8] =719] FHF E3F 271k AL Helstgle). Glutaral-
dehydeo]| HA3H4] Fe t 22| B elstol 79| Fa
o] 1.75 mM/g A1k, glutaraldehyde 5=7} 02 M & o 2.71
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Fig. 3. Comparison of bioadhesive strength between yellowfin
tuna 7. albacares gelatin and porcine gelatin biofilms treated
with 2 M glutaraldehyde for different times at 60°C. Different
letters (a, a', a", etc.) indicate significant differences at the «
level of 0.05.
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Fig. 4. Changes in bioadhesive strength and aldehyde content
of yellowfin tuna 7. albacares gelatin biofilms treated with 2 M
glutaraldehyde for different times at 60°C. Different letters (a,
b, c, a', b, ¢, ...) indicate significant differences at an « level
of 0.05.

mM/g, 22 M 2 F78t 7% 7.70 mM/g7HA] S7Fsk At Ll
3| =7] 3FFE 1.8 M glutaraldehyde o]Arol| A= §-2]% el =}
o]7} Ho|x] gkqttt o= glutaraldehyde =57} ol o] ulak
glutaraldehyde Fo|A & Fof =UE = A5 =7]9] 90|
ke o] ols) 7 1A F] ovliesleke] 2gte] 74
o= Yateo] F71EE A0 MR ST AY B
ool s ml s dHISI =79 ol A e AR B
olt}.

Glutaraldehyde = 3+ B2} U]o| F719] &b|3]|=7]S 7FA] 1L
9lo.m 7}7pe] ores|= 7| Aekela 28 whAuie] of
1= 7]9} amino-carbonyl BF3-2 %3] 7323} Schiff baseS &4
Fo=M 7t AgE AL & & QUoh 7h A=A glu-
taraldehyde = F7119] &d)|3]|=7]7} ghal 2l o] oju| 7| o} A%t

o] A2k 54 587
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Fig. 5. Comparison of bioadhesive strength between yellowfin
tuna T. albacares gelatin and porcine gelatin biofilms treated
with 2 M glutaraldehyde of different pHs for 2 h at 60°C. Dif-
ferent letters (a, a', a", etc.) indicate significant differences at
the « level of 0.05.
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Fig. 6. Changes in bioadhesive strength and aldehyde contents
of yellowfin tuna 7. albacares gelatin biofilms treated with 2 M
glutaraldehyde of different pHs for 2 h at 60°C. Different let-
ters (a, b, ¢, a, b, ¢, etc.) indicate significant differences at an
a level of 0.05.

3 4 9l7] wj ol EEeea =2} -2 monocarbonyls it £
2 7HA| 2 4 A tk(Monsan P et al., 1975). 7t AW
2 glutaraldehyde®] 7}25417]9} Azfele] ofu]ies] Ajo]o]
A uPshe 2 ek vlo] 2 W g o] Hatele Aete £ ofn
1-7]9} glutaraldehyde}2] BFS-0 & 318l 71w Aghe] A4 o]
oJsto] 217 7]ojgictan s2lL).

Glutaraldehyde XM2| A|Zt0f| 2 AN TE H3)

Glutaraldehyde®] =7} 2 M o]4fo] & 79 3 A& 2]
g2relo] w4 Aztel vho| oI5y} griaro] A2te Hiole
IE g% F 0017 Flo|E 7IR|R] Ygro g o]s o] AFPL
HE XT2)OME 14 o}“u} A Aete vhol oA 53 g
tlego] Aghgl vio]| W22 78 = 9] 2 M glutaraldehyde
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Fig. 7. Comparison of bioadhesive strength between yellowfin

tuna 7. albacares gelatin and porcine gelatin biofilms treated

with 2 M glutaraldehyde for 2 h at different temperatures. Dif-

ferent letters (a, b, c, a', b, ¢', etc.) indicate significant differ-

ences at the @ level of 0.05.
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Fig. 8. Changes in bioadhesive strength and aldehyde contents
of yellowfin tuna 7. albacares gelatin biofilms treated with 2
M glutaraldehyde for 2 h at different temperatures. Different
letters (a, b, c, a', b', ¢, ...) indicate significant differences at the
a level of 0.05.

o A A7) Alzbel B2 H3elo] WstE Fig. 3 of Lhehyel
oF. gekefol, ©x WebEl B glutaraldehyde 4 of 2|3}
7] AR A AR o] SA| Sk, A AR A
220 7] o], B4 Webel B 2 Xjo|S Mo X ¢
ket Srkeo] Aakelo] mE Ak W F7rolA HA) Aetel
Hoh e WA S B, R Azl 247k YowA B
A ek vlol @ @B e Hakele Ao Wk ook, Fcke
of Aetel vlol oW B Y| el 23K F7FSH} 1 57 &
o] W3] LrolA] Alzkol T HAE o] Mk 2 f)4L 7}
A7) S 02 etttk o] 23 A Fig. 4 of theht 9l
= 3] ARkl v Feisgol Aekele] okl s|= ] vioke
o4 & 4= GIol, WA 2 A7F ol ol A3 =19 T ¥
sleyo] WAL RZIA R §9 59l 2ol S LA g

35
Before treatment with NaBH, a a
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Fig. 9. Changes in bioadhesive strength of glutaraldehyde-
treated yellowfin tuna 7. albacares gelatin biofilms by treat-
ment of sodium borohydride. The biofilms were subjected to
glutaraldehyde treatment at 60°C for 2 h in glutaraldehyde so-
lutions of different concentrations and then, the biofilms were
treated with 2.5% NaBH, at pH 10 for 15 min. Different letters
(a, b, c, a, b, ¢, etc.) indicate significant differences at the «
level of 0.05.
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After treatment with Ntz;JBH4 b
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Fig. 10. Changes in aldehyde content of glutaraldehyde-treated
yellowfin tuna 7. albacares gelatin biofilms before and after
treatment of sodium borohydride. The biofilms were subjected
to glutaraldehyde treatment at 60°C for 2 h in glutaraldehyde
solutions of different concentrations and then, the biofilms
were treated with 2.5% NaBH, at pH 10 for 15 min. Different
letters (a, b, ¢, a', b', ¢, etc.) indicate significant differences at
the « level of 0.05.

oA & 4= Qi

o]e} @01 Hho] e F o] GHls|=r] = o g QIFh 74
el 7hal Aol 5717t vio] @ 5-0) A A Ag 2 of Acket
FE oA AR Yzt
Glutaraldehyde X2|A| pHO|| 2 X2 H3}

Glutaraldehyde € of| 247+ 59t 7} pHR AL drajste] A
2410 A Bebe @ Frkego] Aebd vhol e BE} 7 A
F}o] Mz W3k Fig. 5 o Yehy it Hx] Aetel vfo] o
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e

12 0] 42 S pH 3 2719] A4 9] glutaraldehyde §4o]
AAZ S 75 8.98 kPa® 71 WA UekytaL, pH 7 o) 54
Lol 20.13 kPa &= 7P 32 2 Ui gler 97
4 Baew 742 thA] WolH 9.46 kPazkA] Wol A}, 3t}
o] efel wlo] o m 5 o] 9oz pH 11 5-20] 714 e
o] 9]+ glutaraldehyde 8- A XA S ¢ 17.50 kPa=z 7}
& A UEba, pH 7 9] $4 Ftol A 31.17 kPa 0= 71
O YL Uehfglon] A REow 242 o o
7 23.57 kPa7}A| YolA th Matsuda et al. (1999) of w2 =f
Ao} 0] AetElo R BES Azslel pHAR AA|5to] 3
22 245 2% pH 3 o4 5431 pH 72 1 7Rl ol et
7} pH7} 110] 77h9) 045 H2el & oha) haehs R 1
Effgict. o= Aetel vlo| @ FFo] A = dze] AEf 9
pHoll A Zalj=fo] Aepd Zefj o] 5485 AAsto] Hakeo] i
25h= 703 molr),

pH 3l whE glutaraldehyde 2] grhgo] Azte Bio]
LI F 5o drs| =719 ot 2t vl Fig. 6 of UEh
9ick. o] w3k pH 7} 24 o 1) 5.57 mM/g 2 714 7 Lek
S, AV} o7k Apele] pH eloll A 217 434 9 5.09
mM/g O = WA UEbg

Glutaraldehyde XM2| =0 E A A=
=

Glutaraldehyde #]2] &=of w2 Bz Az}El
W o] 2 BET A A AT WAL 243 AT Fig.
73} ek =i 2] Ak vio] @ BF9] 79 5°C of| A<= 5.82 kPa
o= grizto] Aekel vlo| 2 WE el M2tz v solt £
E7b s T F7F Fol ZobA] 60°CollAl 2Tl 20.93
kPa & UEbyit) grpo] Aetd vio] @ F9] Z-9-5°C of| 4
=798 kP 5] A2el vjol oW} et e 2k
& 3olt} 60°C 7] L7} Seka4E Watelo] W 2718l
o] 60°C o A= 30.32 kPaZ =4 Ye}sith 37°C o A 60°C -
Zrol A 2t Mzt o] =gshglal, 60°C o] %2l 80°C oA =
21.48 kPa= ThA] Yol T} Sung et al. (1999)0] W= X
Aetel "E-2 formaldehyde, glutaraldehydeo] % %|8}o] &%
wisjo] et RS 2L v 60°C 7l PR &
= Aol ket A4 Ao A0R Uehi ol whge
of 2717k W9 ARe Z7N7)E AoR Rt o]
e Ae w2 2504 9] A4S | R7F B 0] 24
shoyA|Eet oz k3ol il wEA| dojubr] wfZolrt
(Sung et al., 1999).

2w9] Wstol] B2 vjo| 2 WEo] WEY} oea| =79
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