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Preparation of Tuna Skin Byproduct Film Containing
Pinus thunbergii Cone Extract
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Tuna skin byproduct extract (TSB) was used as a biocompatibility film base material, and its composite film with
gellan gum (GG) was prepared. In addition, Pinus thunbergii cone extract (PTCE) was incorporated into the film to
provide anti-oxidant and anti-bacteria activities. The tensile strength (TS) of the TSB/GG composite films increased with
increasing GG content, whereas elongation at break (E) decreased. TSB/GG film at a ratio of 0.5:0.5 (w/w) showed the
most desirable TS and E values. Based on scavenging free radical potentials and disc diffusion method results against
growth of bacteria, antioxidant and anti-bacteria activities of films increased with increasing PTCE concentration.
Accordingly, this study showed that TSB/GG could be used as a film material while the TSB/GG composite film containing

PTCE can be utilized as functional packaging.
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AEE Akl dinte] AEdsR A
] o] AlRE o] &AL H7|EE WAL
Ak ARl 3]3S AQstas tiRE 4 W (crude
ol o) &3l A}l (gelatin), E2H(collagen)©]
- } | =] 7]l HEE A Al EE &
= XA AR &-8-o] 7l53t(Kim, 2005; Lee et al.,
2010; Kim et al., 2019).
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Table 1. Physical properties of tuna skin byproduct/gellan gum
(TSB/GG) composite films

TSB:GG ratio Tensill(c/[;tarsngﬂl Elongati((g/l:)at break
1:0 1.31%+0.07 53.83+1.21
0.7:0.3 15.31+0.69 20.4%0.8
0.5:0.5 22.63+1.41 34.631+0.56

D Values are mean + SD (n=5)

Seoul, Korea)E ©]-&3} 60TCAlA 1417 A5t oH,
ﬂ‘:q & Nioﬂ}ﬂ /\16] 1‘:,] H.z‘sl—ﬁ.oﬂaS mL)'O— yﬂ]l_z‘ap]_/l‘;]
A3HA| o] 60TColA] 18A17F 71Z3te] 1

(90 mm)ol] 72
z¥ A&y d-PBSE Aty 7tud EH3HEE
A z3} 3T

D638M Wl whel Q1% S(tensile strength, TS)<} 417
E+(elongation at break, E)=
FEE 50%04 484137 conditioning €+ ¥ Universal
Testing Machine (TO-102D, TESTONE Co., Gyeonggi-do,
Korea)& AH&-3te] 574313tk

459] s} 58 IS flal FEEY sl wt
Azgh B 55 Aelrdol & A1Zh 2,2-diphenyl-
1-picrylhydrazyl (DPPH), 2,2’-azino-bls(3-ethylbenzothlazolme-
6-sulphonic acid) (ABTS) 2Ht]Z 2755 5743 tHRyu
et al,, 2017). DPPH &z 4275 S4S 93] 08 mM
DPPH #91S WES-2 A% % DPPH & 1 mLe} &3
45 8 2 mLE EFete] helA 1417 ¥hAIXT
517 nmoll A S8 =5 S743k3lth ABTS @tz &7
542 7 mM ABTS &9& A2 5 245 mM potassium
persulfate®] E3H-8-M(2:1. viv)= 32 84181 734 nm
oA FHEE 08 (£0.01)= o] AMR-EITE ABTS &
-8-91(2.85 mL)7} 0.15 mLe] HFLE A5 et
Al A 1023 §HEAIXD ¥ 5733l

B WY WS YT 5 5

Escherichia coli (E. coil, KCTC 1115), Staphylococcus aureus
(S. aureus, ATCC 6538)S- Nutrient broth (Difco Laboratories,
Detroit, USA)oll HE3}th 377C, 24417F vljket o+ A8

Hrkeplth A5 2% 25T,

h

Fig. 1. Digital photoimages of tuna skin byproduct/gellan gum
(TSB/GG) composite films containing of Pinus thunbergii cone
extract (PTCE). (A); TSB/GG, (B); TSB/GG-PTCE (0.5%), (C);
TSB/GG-PTCE (1%).

AEY 4t 59 SAS 9% =z gy

E. coil, S. aureuss NB Al A] o] 107 CFU/
mL= 3|41k 3-8 NB IA Aol 100 uL AsAIA 2t
% glass spreaders ©]-8-5}] =H3F3Ic). HitE paper disc
(8 mm, Advantec, Tokyo, Japan)°l] 2534485 50 uLA
AT 5 ro] mEE wiel] F-HAIA 37T A 244
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7} F7bske Aol gl= lth(Alvarado-Gonzalez et al.,
2012). ©]2]3+ A¥= nlgo 2 TSB/GG S E9] <1
e 2 A1%ES TSB:GG H]&°] 0.5:0.5 (ww)d w7}
A zolen, oju EALS TS7} 22,6 3+1.41 MPa|
34.6310.56% 31 T

2

a3l B+

3} 5091742 9
sie) shateg v

F&dv)

= 5E
£ Z2lelithFig 2). &

(Yen and Chen, 1995).
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I tHTable 2). SlEFEE2 =8 AF-2 kaura-type2]
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Fig. 2. Gas chromatography-mass spectrometry (GC-MS) analysis of Pinus thunbergii cone extract (PTCE).

Table 2. Chemical compositions of Pinus thunbergii cone extract (PTCE) by Gas chromatography-mass spectrometry (GC-MS) analysis

Peak Compound name Formular Real. Time (min) Area (%)
1 Kaura-5,16-dien-18(or 19)-ol CyoH300 36.82,38.32,38.13 23.73
2 Phenanthrene carboxaldehyde, CysH;00 35.12 10.18
3 Cholesteryl bromide CyHysBr 35.81 6.40
4 Abietic acid CyoH300, 37.7,39.06 12.66
5 Androstan-17-one C,;H34,0, 37.01 4.01
6 Vitamin A CoH30 35.88 328
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Table 3. Physical properties of tuna skin byproduct/gellan gum
(TSB/GG) composite films containing various amounts of Pinus
thunbergii cone extract (PTCE)

Table 4. Antioxidant activities of tuna skin byproduct/gellan gum
(TSB/GG) composite films containing various amounts of Pinus
thunbergii cone extract (PTCE)

Pinus thunbergii Tensile strength Elongation at break Pinus thunbergii DPPH radical ABTS radical
cone extract (%) (MPa) (%) cone extract (%) scavenging (%) scavenging (%)
0.5 20.8%+1.14 40.81+0.91 0 5.18%+1.52 9.4%1.12
1 16.34%0.77 50.13£1.59 0.5 71.1£1.04 39.06£0.86
1.5 10.95+0.5 56.811.21 1 92.07£1.32 73.3513.67
Y Values are mean £ SD (n=5) D Values are mean £ SD (n=5)
Q . @ .
£ w0 £ 80
2 2
£ 60 5 60
c c
o O
2 40 o 40
3 8
g i
E 20 '(2 20
a 2
0 ——— 0 —
0 05 1 0 0.5 1

Concentration (%)
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Fig. 3. Antioxidant activity of tuna skin byproduct/gellan gum (TSB/GG) composite films containing of Pinus thunbergii cone extract

(PTCE). (A) DPPH radical, (B) ABTS radical assay.

(TSB/GG)oll #7Fste] BE-S A x5k th(Table 3). PTCE
FE7) FUhstel whel PTCES #7behAl 28 vzt
of wlal TS7} ZH 11.68 MPaZ7}A] 7+43tal E7F 2 o)
22.17%7MA Skt olelsk v+ PTCE H71= 2
= U 82} E291 TSB/GGE] ®4F 7+ 23 74 <9
Zlolekal AetETh
AT Aol Al d(agar) 24 FE0l AA
FRA A1) AFeE2F FE25S A7 A9 559
57t SV wel TS7F Faskal E7F Skl
olgist A¥= IE W agars} 22 At B4 (ko] A
gto] kgl W ZAylelal B 18} th(Kanmani and
Rhim, 2014).
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TEESS(PTCE) 87 23S0 3115 Y 317 52

o

|
4N

thdek 55%=9] PTICEE #7158k TSB/GG H3+2&°]
3} 595 Bkl 913 DPPH, ABTS 2]z 271

=21 5}9 CHFig. 3, Table 4). H] %] QHA S free radical
PPHS} ABTSY= 34Fst €49 Z40] ol AHgs| 1

b o
l

1=, hydrophilic 5+ lipophilic 2 =% =4 %t}
DPPH: QOli BHHZE ABTS = ol epize A4

sh= Aol7k Itk o] F 714 W 7145t ks 24l
A% Aok A e} 807 7% i) gola &
= ka4 A UriLeeetal. 2012).

Z4zte] ezt 27 7:‘-‘Jre
Atk ol A= wE
phenol] 9]$t Ao 2 FetE )
7hetell whel gtz A5 o] HlEEHAl Frkskal=,
53], DPPH 2tt]Z 27518 0.5%2] FEolA] ICs,
(inhibitory concentrations 50)l 7}7kE- gkol #2E| ¢l o
olg3 Aul= &Whe FEE9 FXE DPPH 2zt &~
s A3} AV THLee et al., 2016).
3L T S S8l E coli, S aureus®] BE
AsS S8 H(Fig. 4). E. coli, S. aureus= “FHS S A
Lol s, Aol wofels e R
9 e o= sk
7kl weh ASA e

o Mo

=
=

54
PTCE -5%7} 0, 0.5, 1.0%%=
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Fig. 4. Antimicrobial activity of tuna skin

Pinus thunbergii Escherichia coli

Staphylococcus aureus

byproduct/gellan gum (TSB/GG) composite
films containing various amounts of Pinus

cone extract (%) Inhibition zone (mm)

thunbergii cone extract (PTCE) against Esche-
richia coli and Staphylococcus aureus by disc

diffusion test. (A) The inhibition zone of PETC

against Escherichia coli and Staphylococcus
aureus. (B) Average diameter (mm) of the in-

o -
0.5 12£1.2 14£0.8
1 14+0.12 18+1.2

hibition zones. Data are expressed as mean =
standard error of the mean.
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Aol A BHo) shonl 53, el Feksi,
A7) oFsk Al o] BalE Al 9Jth(You et al., 2014).

=
=
 AE T2 B8] A ARDE A8ae) £

2]
Pinus thunbergii cone extract 32 718k 7|54

=
A5 Azl

A AR FEHE sl Aol A2
HE Agete] Axd HuEel BEAv RS @
A B B GRS Wl Fdre] e

o7 F AL kaura-type?] diterpen] 3}gHE0] 23.73%
o, diterpen| 3H3HE-2] L2 XEAE, WAL,
g Z=2k-go] Ba% 3l QItKYen and Chen, 1995). 1412
59| resinol 4] & 71 %] phenanthrene carboxaldehyde
SFHE2 10.18%, 712 F8. A¥-2l abietic acid®]

ES 12.66%% AL B ARl Bl 3FgtEo]

gl et

A gt 24S 338 7Y 5 Y
285 93 7P dE 0w EEATKKim et al., 2009)
715 AAnEA 24 A A AERG=, 7]
9, JE T AdelA A 7 5 e o v
(polysaccharides)& T HalH, Y&, AL 59 =4

‘;}‘iﬂé]o]‘/} poly-hydroxyalkanoates 5-2] =

o] AF&EtKScaffaro et al, 2019). EA-S He517] ¢
6& 03_?7} 8] a1
2013; Kurek et al., 2014). 712 &9 H$- 01% 25
Aol H7FENE w AL} 45 MPal o, 7FAaA9}
ZEe] F7l e 59 7AA B4l i As
2015} th(Park et al., 1995).

2 Aol A A s FEE(TSB)Y Ak
(GG)2] H]&o] 1:1 (ww)d Wl TS 22631141 MPa=Z
AE-L 34.6310.56%% TE TSBL] H]&o] wrolxlo] we}
AL Fho] S7hE= As ERlslih o]+ 3 E
Az Al A7FEE GGOl %7t wobdldl uhet 5] &
dol FIHUT S5 LS Axshe FA] FAHE
2 &3(com fiber)ol] 7}2A|9} 7FnLA| ferulic acid, tannic
acid, cinnamaldehyde® H7}ste] EAS ghHslar, A

NPF
L)
=2
>,
fuj
il
g

2 THGonzilez and Alvarez Igarzabal,
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Ao
3 ets}$] © ™ (Bandyopadhyay et al.,
2012), starch-chitosan filmol] 7} A2 ferulic acidS 7} 2]
75 mg7HA] TS7F S7FeFtH7E 100 mg 7k 73-5- TS7}
Hashe A3 7Htkal Bagk vh 9ltk(Mathew and
Abraham, 2008). AA5E5 Pinus thunbergii cone extractS-
A DB ditelse FEEC] 05% HtESu
ICso°ll 77k Fhol ER1E AT 53], 1%7F H7FA=
w 90%7F H= bt S S1ekgi) B3 E coli®) S.
1S gkl

L)
rlo
off
k1
o
BN
o)
o
fru
Off
5
i)

aureus St

o, 225 g0l daE Suwd 24 2
5

5
sk, G WYl ArhE BALNE 24 B
SO T Aol B8 F5E Ao pekE
Angsh Y7L Pst AR BE L 2 A
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