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ABSTRACT 

The effect of using fish gelatin hydrolysates having different degree of 
hydrolysis (DH: 23, 61 and 95%) as plasticizer at various levels (30- 60%) in film offish 
myofibrillar protein (FMP) from red tilapia (Oreochromis niloticus) was investigated, in 
comparison with glycerol. All films exhibited increased film flexibility as compared to the 
control FMP film without plasticizer which was brittle. Regardless of DH, FMP films 
incorporated with gelatin hydrolysates at 50 and 60% of FMP generally had higher elastic 
modulus (E) and tensile strength (TS) but lower water vapor permeability (WVP), 
compared with those added with glycerol at the same level (p<0.05). At the same DH, both 
E and TS of film decreased, while elongation at break (EAB) and WVP increased with 
increasing levels of gelatin hydrolysate (p<0.05). When hydrolysate at the same level was 
used, the decrease in TS and E but the increase in WVPwas found as DH increased. 
Nevertheless, FMP film added with gelatin hydrolysate exhibited the higher b*-value 
(yellowness) and lower transparent, compared with the film containing glycerol (p<0.05). 

Moreover, use of the blend of glycerol (GL Y) and 61% DH gelatin hydrolysate 
(GH) ofvarious GLY/GH ratios (100/0, 75/25,50150,25/75 and 0/100) at 50% ofFMP as 
plasticizer in the FMP film was also studied. Both TS and E of films increased while EAB 
of the films decreased as GH level in the blend increased (p<0.05). The presence of GHat 
higher level in the GL Y /GH blend resulted in decreased WVP and transparency but 
increased yellowness of the FMP film. 

FMP films plasticized with glycerol, 60% DH fish gelatin hydrolysate (GH) and 
glycerol/gelatin hydrolysate blend (GL Y /GH = 25/75) were comparatively characterized. 
In general, the FMP film plasticized with glycerol possessed the highest moisture content 
and film solubility in water as compared to the others (p<0.05). Film solubility of the films 
added with GH and GL Y /GH was not significantly different (p<0.05). Moreover, all films 
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exhibited similar protein solubilities in water and different denaturing solvents (p<0.05). 
As revealed by protein solubility in various solvents and SDS-PAGE protein pattems, FMP 
films were stabilized by mainly hydrogen bond as well as hydrophobic interaction and 
disulfide bond, regardless of type of plasticizer used. Based on FTIR analysis, the Amide
A peak became broader for films added with GH or GL Y/GH blend as compared to those 
added with only glycerol, suggesting the greater interaction via hydrogen bond between 
FMP chains and gelatin hydrolysate. Moreover, SEM and TGA results respectively 
indicated that the films added with gelatin hydrolysate had more compact structure and 
thermal stability (higher degradation temperature), compared to that added with glycerol as 
plasticizer. However, FMP film incorporated with gelatin hydrolysate prepared in this 
study exhibited no antimicrobial and antioxidative properties. 

During the storage at room temperature (28 - 30 °C) for 8 weeks of the selected 
film samples, mechanical properties (E, TS and EAB) of the film added with 50% glycerol 
remained constant (p>0.05). However, films added with GH and GL Y/GH blend had 
increased E and TS but decreased EAB upon 8 week of storage (p<0.05). In addition, WVP 
and transparency of all films seemed to decrease but b*-value (yellowness) increased with 
increasing storage time (p<0.05). Dramatic decreases in film solubility as well as protein 
solubility in water and various solvents were noticed as storage time increased, more likely 
associated with the formation of various interactions via non-covalent and covalent bonds 
of the components in the film during the extended storage. 

Sealing ability of FMP film incorporated with gelatin hydrolysate by means of 
applying different natural adhesives (tapioca flour, gelatin and soy protein isolate) in 
combination with impulse heat sealing at various times (1.5, 2.5 and 3.5 s) was 
investigated. As evaluated by peel strength test, films sealed with gelatin or soy protein 
isolate had increased seal strength with increasing heat sealing time used (p<0.05). 
Irrespective of heat sealing time, the use of gelatin as adhesive rendered the seal with the 
highest seal strength (p<0.05), followed by soy protein isolate and tapioca starch, 
respectively. Among sealing conditions studied, the highest seal strength was observed 
when gelatin was used as adhesive and heat sealed for 3.5 s. 
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~G'I'lJeJ'l 6~611 ~'Ll 1~ blil~ 1m ?I 191 ~e:J?Id-Ju~hrd'l-m CJJil'jl\j ?ld-JU~ b:U'l'VltJl~ bb61~ 

i!n'tlru~bQ'jl\jl~'UeJ'l~~d-J b th~uld-J bB 1 '\I'Jti161~lntlm 

~lnm~fln'tll~61'lJeNm~ 1 iv;um~'Ll 1~ blil~ 161 b?l\91-;ulntlm~:lh~l'l'I.Jm~ 1~ blil~ 161-'V?I~l'l 'l (DH = 

23, 61 bb61~ 95%) bth.J'jl\jm?l~hL'llm1 utl~mru~1-1 'l (30 - 60%) 1 'Ll~~d-J b tl~~'Ll ld-J be:J lv1'1J~61~1ntl611~'1J'Vld-JJ1 
~lil (Oreochromis niloticus) (FMP) btl~CJ'I.JbVlCJ1Jrl'I.Jf11~1.Un~b'lleJ~eJ61 'jl\j'I.JrJl ~~dJ'VIf1'1Jiilf11~'VIIil61eJ'l~rnld-JeleJ'Ll 

' ' 
1'116661~ 81il'Vlt.i'Ll b~d-J~'Ub~m tl~CJ'IJ b Vi CJ'Url'IJ~~d-J FMP Pn'Ufld-J~hib~d-J'ji\/Gll?l~1'llb'lle:J1 ~'lJJfl11dJ bb ~'l btl~l~ ~~d-J~ 

' ' 

~-1f1l1 bb~JJ~1f11~~d-J~1'Ll 1e:JJl (WVP) ~1f1l1~~dJ~b~d-Jf1~b'lleJ~e:J611 utl~JJ1ru b~CJ'drl'Ll (p<O.OS) bb61~~~~1'l'U 

m~1~blil~l61'8m~mnu ~1 E bb61~ TS 'UeJ-1~~dJ~~l611il61-11'Ll'lJru~~~1m~81il1'11b~eJ'Ullil (EAB) bb61~~1 WVP iJ 

~l?l'l~'Ll b~Btl'1mrub-;um~'Ll 1~blil~1m?l\91~ b~d-J1 'Ll~~d-J?I-1~'Ll (p<0.05) Lb61~'jl\j'I.JrJ1 L~e:J 1iL~m~u1~blil~ 1m?l1911 'Ll 
" " 

tl~mrub~CJ'drl'Ll ~~dJ~b~dJb~61l~'Lll~blil~161b?l\91~lh~l'l'I.Jm~l~blill161'8?1 (DH) ?l-:jf1rJl~~iJ~1 TS bb61~ E ~lflll 
" 

bb~~~1 WVP ?1-1~'Ll e:Jt.i1-1btl\911d-J1AJ~d-J FMP ~b~m-;um~u1~blil~lm?i\91~~1 b* (~b'Vl~e:J-1) ?I-1~'Ll bb61~f11~~'€l-1 
" " 

'Lle:Jn-;u1nif1flvhm~fln'tllf11~1i'Ue:J-:j~?lm~Vl1l-1f1~b'llme:J61 (GL Y) LL61n~m~u 1~blil~161b?l\91 (61% 

DH) (GH) ~eJ\91~l~1'Ll~?ldJ~1-1'l (GLY/GH = 100/0, 75/25, 50/50, 25/75 bb61~ 0/100) b~mtJ'LJ'jl\j61l?l~1'll 

b'lleJ11u1AJ~d-J FMP ~tl'1mru 50% 'Ue:J-1 FMP 'jl\j'\JrJ1 ~1 TS bb61~ E 'lJeJ-1~~dJ~~l?I-1~'Ll 1u'Uru~~~1 EAB 61\il61-1 
" 

b~Btl~mru b';u 61l~'Ll1~ blil ~161 b?l \91~1oU1 'Ll'U eJ -:j~?ld-J GL Y /GH b~dJ~'Ll (p<O.OS) 'Ll eJ n ~l nlfb~ e:Jtl~m ru 6~611 ~'Ll 
1~11il~161b?I\911'Ll'Ue:l-1~6'\d-J GLY/GH b~dJ~'Ll ~-1~611Vl~1 WVP bb61~f11~~eJ-1~l'Llbb?I-1'UeJ-1~~dJ61\il61-:j bb~1AJ~d-J~lfli]~ 

~lflnl~l bfl~l~vhtl~CJ'I.Jb Vi CJ'I.Ji!n'tlru~bi:J'jl\j1~'UeJ'l1AJ~d-J FMP ~ b~dJfl~ b'lle:l~e:l61 b~Gll~'Ll 1~blil~161b?l\9l 

(60% DH) bb61~'1JeJ-:j~?lm~Vll1-1fl~ b'lle:lleJ61/b\JGll~'Ll 1~ blil~ 1m?l191 (GL Y /GH = 25/7 5) bU'LJ'jl\jGll?l~1'llb'lle:J1'jl\j'I.JrJ1 

1AJ~d-J FMP ~ b~JJn~ b'llmB61JJ~ltl~mrufl1ld-J~'Llbb61~ m~61~61lCJJl'UeJ-11AJ~d-J?I-1~6'\Iil L~mtl~CJ'IJ bVi mJn'U1AJ~d-J~'Ll 'l 
" ' 

(p<O.OS) blilt.J~~lf1l~61~mc.Jtll'UeJ,11AJ~d-J~ b~dJ GH bb61~~ b~d-J'Ue:J-1~?1m~Vlll-1 GL Y /GH hJ~fl11d-Jbb\91fl~l-1rl'Ll 
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~:.- ::':: #--; i'lr~ (p<O.OS) tJeJmnndYl~&.J~-:JVl&.JI?liJrhnTH1~mCJ'UeJ-:J 1 tl'J~'W1 tJtllLL~~nTH1~mCJ'VeJ-:J 1 tl".i~'U1 'U 

i'-; /- i"t i"- t.:'tiUI?l~l-:J 11:J bb(9lfl ~l-:Jtl'U (p<O.OS) "illne-.J~nl".ilbfl".il~~rhm".i~~~lCJ'UeJ-:J 1 tl".i~'W1 'U~'J'Vll~~mCJ 

"::;;;- ~ •. ,;,;1 :::~thb uu hJ1~'U bb?ll?l-:J1 Vf b~'Ull1fl".i-:J~lti'UeJ-:JYl ~&.J FMP bfll?l'\Jl n'W'Ut'i~ 1~ bl?lWil'Ubtl'U?i"JtJ1 Vl~ 

'i'dm~·i t,'< :r:'i~~c.n1~ 1w~·l ~umL~:::'WtJiS'::: 11?loli~ 1 vJvi'll?lCJ hJ~wl'u'UUI?l'UEJ-:J'V'Jm?l~1'1lL'lleJ1~1 ~ LL~~'\Jlflnl".i~mm".i 
l~A".il:::V':V1t.JbYlfltJfl FTIR 'V'JUll bbflUflT~I?ll?lfl~'U Amide-A 'lJeJ-:JYl~&.J~b~&.J GH Vl~eJ GLY/GH iJ#Im~ru~~flll-:J 

'\J 

n"i1 bnEJ btl~CJu bVi t~unu'lJeJ-:JYl~&.J~ b~&.Jn~ b'IJEJ'jeJ~ ~-:) bL?\(91-:J~-:Jm".i Lnl?l5tJ(9l'jfl~tJl11?ltJ'W'U15'~ 1~ 11?l".ib'\J'U~ bnl?l HI 

mnn1l1~Vlll-:J?IltJ1'ti'UeJ-:J FMP Lb~~L'\Jm~'W1~11?l".i1m?l(9) 'UeJfl'\Jlnd'\Jlne-.J~m".ilbfl".il~t-1'~hm'YlfltJfl SEM Lb~~ 

TGA 'V'JUllYl~&.J~ L~&.J L'\Jm~'U 11J 11?l1 1~ b?i(9li1#1 n'tlru~ 1m-:J?I~l-:J~ LL lJtJnll Lb~~Yl~&.J~1~i1ml&.Jfi'I~'J'Vll-:Jfi'Jl&.J~EJ'U 

?1-:Jnll (iJrheJ ruVJ.nii m ".i?\~1 CJ~"J'Vl1-:Jfi"Jl&.J~eJ'U?I-:Jn11) LdeJ btl~t.Ju L VitJunuYl~&.J~ L~&.J n~ L'llmeJ ~ L tltJ'V'Jm?l~1'1l 
'U 'I '\J '\1 

L'lleJ{ mh-:J 1 ".ifl(9)1&.J'V'JUllYl~&.J~ L~&.J 1~ bl?l".i 1~ L?I(9)1:J LL?II?l-:J?I&.Ju~1 'Unl".itJ'I.JcY-:J'\J~'U'Vl~tJbb~:::m".i~1'UeJeJn'1hl?l'iJ'U 
' 

'\11nm".i~n'tl1nl1Lnu-rn'tl1~1eJ~1'1Yl~&.J~L~eJn~eJruVJ.niiVieJ-:J (28 - 30 eJ-:Jf!1L'll~L'IltJ?i) b'U'ULJ~1 8 
' '\J 

~tll?l1t-1' 'V'JUl1 ?I&.JU~L~-:Jniil (ril E, TS Lbiil~ EAB) 'lJEJ-:JYl~&.J~b~&.Jn~L'IleJ".ieJiil1'Utl~mru 50% iJ~1~eJ'U~1-:Jfl'l~ 

(p<O.OS) eJ~1-:Jbfl(9)1&.JYl~&.J~b~&.J GH LL~~ GL Y /GH iJ~1 E Lbiil~ TS ~'I~'U LL~~1 EAB ~l~-:J 'Jt:Vll1-:Jnl".i'Lnu 

-rn'tl1dJtJnm 8 ~tlt?nt-1 (p<O.OS) 'UeJfl'\11fl.Q''V'JUl1 Yl~&.J'l'lfl'UUI?liJ~1 WVP bb~::!nl".i?ieJ-:J~1'ULL?I-:J~1~-:J LL~iJ~1 
b* (~LVl~eJ-:J) ~-:J~'ULdm~m:::tJ:::L'Jmfll'JLnU-rn'tl1 (p<O.OS) 'J'J&.J~-:J'V'JUl1 ~1fll".i~:::mtJ'lJeJ'IYl~&.J bbiilt:nl".i 

G'l:::mCJ'UeJ-:J 1 tl".i~'U 1 tJtl1 LLG'l~ 1 tJ~1vhiil:::G11tJ~l-:J 1 L~&.J~-:J~'UeJ~1-:Jmn LdeJ'J:::CJ~ nmm".i'Lnu-rn'ti1'U1'U~'U ~'~d 
ll1 '\)::: b~ti'JoV m nu nl 'J Ln l?lB'U (91 'j-n~ tJ 11(91 ti'W'U 5::! bfi'J 1 biil'U ~ bbiil::; ~1:J1 '1i'W'U15'::: 1fl1 1 b~'U ~'lJ eJ 'I E)-:) r)tJ 'j::! n eJU'U EJ-:JYl ~&.J 

.,: I C.: QJ d di 
&.J 1 n'U'U ".i t:Vl'J 1-:J n 1 ".i L n u ".i fl'tl1 'VI 'U 1 'U'U'U 

'Ue:Jn'\11nd1~vhm".i~n'ti1AJ1&.J?I1&.Jl".ifl1 'Unl".iUI?lj;.Ji!nYl~&.J FMP ~ L~&.J L"ilm ~'U 1~ 1~".i 1~ L?\(91 11?lt.Jnl".i 

Hf?l1".i'Eil?l~~1S'".i".i&.J'lJ1~ (LLU-:J~w;htl:::VJ#I-:J b'\1611~'\.J LL61t: 1 tl".i~'U 1eJ b'llb~(9ltf"JbVl~eJ-:J) ~'J&.JtlUnl".iU~j;.j\jfl~'Jtlfi'J1&.J 

~eJ'Ubb 'I.JUB&.J'W~~~".i~CJ~LJiillnl".iUI?le-.Ji!n~1-:J 1 ( 1.5 2.5 LL61::: 3.5 l'U1VJ) '\11flnl".i(9l".i'J"il?leJUfi11&.J~1'U'Vl1'U~eJnl".i 

iileJfl'UEJ'I".i'EltJUI?le-.Ji!n 'V'JUl1".ieJCJU~e-.Ji!nYl~&.J.yj~1'Unl".iDI?lj;.Ji!n bl?l t1 1-ffL"ilm~'UVl~El 1 tl'J~'U 1eJ 1'llLG1(9ltf"Jb Vl~El-:J b tl'U?Il".i 

Eil?l ~ l?l iJ ~1fi11&.J u ~'~ bb ".i'I'U eJ'I'JeJ t1tJ l?le-.J t!nvi?I'I~'U Ld eJ".i~ t1::: b 1ii11 m".itJ~ j;.j\j n~1 tifi11&.J~eJ'W~1-ffi1 ~ 1?1-:J~'U (p<O. OS) 
'\J '\J 

nl".i 1-ffL'\JGll~'Ub tl'U?i11Eil?l~l?l1 Vl".ieJtJUI?lj;.ji!nYl~&.J~iJrn1&.J Lb ~'I bb ".i-:J~'I.yj~\?1 (p<O.OS) ".ieJ'Iiil'I&.J1~eJnl".i 1m tl".i~'U 1eJ 1'1l 

L~ (9ltf"JL Vl~eJ'I LLG'l ~ LL u-:J~'U~1tl :::VJti-:J (9)1mhl?i'u ~-:Jd ?lm"J~ m".itJ l?le-.Ji! n~vh n 11~ n't11vi1 Vl".ieJ tJUI?l j;.j\j nv1~m1&.J 
LL ~-:J bL ".i'I6N.yj?ll?l ~eJ?Ii111~~iJ n 1".i 1-ff L'\Jm ~'U L tl'U?Il".i'Eil?l ~ l?l ~'J&.J nu nl 'JD l?l j;.j\j n~'J CJ fi'J1&.J ~eJ'U btl'U'J~ tJ::: nm 3.5 

'\J ' 
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