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Use of a Gelatin Film Containing Grapefruit Seed Extract in the
Packaging of Strawberries
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Abstract

Gelatin films containing grapefruit seed extract (GSE) were prepared by incorporating different amounts (0, 0.6,
and 1.0% w/v) of GSE into film+-forming solutions. Film elongation was improved by the addition of GSE, but
film tensile strength decreased to 31.96 MPa for film containing 1.0% GSE, compared with 46.39 MPa for the
control. Incorporation of 1.0% GSE inhibited the growth of pathogenic bacteria such as Escherichia coli O157:H7
and Listeria monocytogenes. Packaging of strawbenies with a gelatin film containing 1.0% GSE decreased the
levels of total aerobic bacteria and yeast/molds after 12 days of storage by 1.60 and 1.43 log CFU/g, respectively,
compared with control values. Sensory evaluation results indicated that packaging of strawberries with GSE-gelatin
film resulted in better sensory scores than those of the control. These results indicate that strawbenies can be
packaged wusing gelatin film containing GSE, to extend shelf-life.
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seed extract, GSE)< ascorbic acid, flavonoid, tocopherol,
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FE8 8Ty «Zeuar FZFo8, Bule] o
60-70% APA AN BE TY3I AF AL FR5H FA
AgAz gvtetad Ao ARSI AlEE o3t e
gt A% Y 377 Aoz Fdes] T Fo
A3, FAZE WG oF 1541 g2 Aoz A3tk 2 48
oM e Al Se]HE-L Sigma  Aldrich Chemical
Co.(St. Louis, MO, USA), AH2-%} 3&E(GSE)-& ABC
Techno Inc.(Tokyo, Japan) o4 Ztz} 918le] AL&-31t.

HES A=

AP 10%wv)E STl Wi, FAEQIRH &
gk 3 90T oA 3087t 9 Alsig) 712 F GSEQ,
06, 1.0%, wiv)E A7lste] £31A1713 cheese clothE ©] &
3t A& ¥ teflon BFOZ AT FHE 2 A4 cm
x 30 cm)oll FA7F 75 im BEE a9 BF §4S
80 mLE Yol H2dx 24|17t AzE] HES Az
th AzE H5e BTy QARES 3] 99 2
om x 2 cm, 254 am x 10 am®] A7) = Zh2; A3l AMS-SE
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A5 A7 E(tensile strength, TS)$} 217E (elongation
at break, E)> ASTM Standard Method D882-91 " (12)¢]]
w2} Instron Universal Testing Machine(Model 4484, Instron
Co., Canton, MA, USA)& AH8-3te] 23 &sich Adhgr
FE 27 25T, 50% FHEEE 243 2571004
297 A8t FEEEE AT F 2] gnp 7k AR
= 5 cm, cross head®] £X2E 50 cmymin 273904 S35
th Z5 AAAEE BES Fol 5¢ W YFo] A
g m7bx] 283 ¥& 489 2] dRiFeg Uyof
A, g9 AAES 5ol A9E w7 &3
Ql grip 2te] ARlE 7] grip 2b9] Azl Ul HEER
vehigich 9874 2 A48 3 A8 7 5y ukE
2% sisirh

sgAs

A 5o FFAlS(water vapor permeability, WVP)<
ASTM E 96-95 "(13)°] e} polymethylacrylate cup-
RSl FEFARE S8 25T, 50%9] 2 &
=2 2449 23d57]d BAste 495 S5 53 apd]
T olFel W wf AZiec} cpdl FA HAE S35l
A ZAagE AAIETH14). 53-8 (water vapor
transmission rate, WVTR)¥} F5A5(WVP)= t}-& 4l

olsf Aiketsih.

WVTR = slope / film area
WVP = (WVIR x L) / 2p
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E. coli O157:H7-& tryptic soy agar(TSA, Difco Co.,
Detroit, MI, USA)°lX L monocytogenes= brain heart
infusion(BHI, Oxoid, Basingstoke, UK)ol|l Al 37T, 24413t
vj9F %, colony® Luria Bertani broth(LB, Difco Co.),
Listeria enrichment broth base(Oxoid)e] Z+2+ HE3ld] 3
7T, 24X 7k vk & 2,000x golA] 1587 YA Eeletioh
TEE 75 209 01% FEFH ¥1 A% FEE A

Al 3 AME3ETh

ZE9 #rd &3

7-8 log CFU/g9] E. coli O157:H7%} L. monocytogenesE
tryptic soy broth bacto agar(Difco Co.), Difco Oxford
medium base(Difco Co.) plate®l] 22} 0.1 mLA} E5631Tt.
Aee) 2 70 10 vt HEE AL T Fo] HEFH
WAl ol FHAIT] 3 4TCAAM 3AZE FE WA E coli
O157:H7+ 37Tl A 24A12Y, L monocytogenest= 37°Col| A
4817t vl eksta] A1 inhibition zone?] Z73& &% &}
mmZ EAJSIR e Zpzhe] 3atA S L ¢ AR T 3
dkEsla] Ao

grjel ZF L NE

GSE #7} = 371 dgld E21 cm x 28 cm)ol]
g71(151 & 207] A3l e & 23381 polyethylene
terephthalate tray(22 cm % 16.8 cm x 3.1 cm)ol| o} 441
A 1297 A A2, 3,5, 7, 1294 FAHE &
238t} zTe ol e 5 g4l low
density polyethylene(LDPE, 80 ym)l] B7](15 + 1 g) 20705
o} e zAM AAsidch

0jME 4% &3

@7 AEE E7H scalpelZ AF5te] BF bago] U1
3% %9 stomacher(MIX 2, AES Laboratoire, France)oj) A1
A Zc} dd3E A ge Had ARE o] &3ld
A2301% BT HEFE 10815 9% 348 F 7129
wix]ol] Bt gk A8 o 3uHE fgsidith & 3714
A& plate count agar(PCA, Difco Co)E A8-3led 37Co]
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Al 397 Wik, BR 2 F3o]= potato dextrose
agar(PDA, Difco Co)E AM&-3lo] 25CellA] 547 v &3
T 344 colonyE AFalsich A5d vAE FE AR
g2 colony forming unit(CFU)Z e}l

MF EH

A= AFA(CR-400 Minolta Chroma Meter, Konica
Minolta Sensing Inc., Tokyo, Japan)E AF-&-3to] Hunter L,
ab 2% 7 A0 e EUS W2 233 5 YEges
YERRATE L value= O(black), +100(White), a value=
80(greenness), +100(redness), b values= +70(yellowness)S
UERfE, ol AHSE EFE W] L, a, b g2 A%
L=97.41, a=0.02, b=1.93 0|91t}

AsHA

g7]¢] Xiﬂﬂﬂ- Z B4 H3E BYsp) 98 £Hd
Hd 8¢ 108922 A 59 ¢ F(appearance), ZZ 7
(texture), ZH(flavor) ‘él %312 7] 3% (overall acceptability)

o ek FeAAE AAISATE o] #) 2 A2lE A8
g HAHe AAE 7180l AT 9W71ZH=HEH: W
—?_‘6'13;7E"6‘D 51—%‘,3 qﬂ 1: uﬂo L}‘Hu)oi
B7hstdch

£4 24

A8 A= SAS program(15) € AH&-51e p<0 05
Al #4HEA 2} Duncan’s multiple range test® A3 1,
TE AY Ade P+ EFUAE JeRIUT

Zn ¢ nE

g 2Y
A F29] AGAEE Table 13} 2t} GSEE A7}
1A & A e A 4639 MPaE UERIEH], GSES)
2 7130] 06, 10%2 27}l ule} GSEE ArlelA] ge
&l msﬂ A=} 16, 31% 42} FAsIT) YRk
o2 PFo] Iz} AGEL vhle BAo)7] wfEel

Table 1. Mechanical properties of gelatin film containing various
concentration of GSE

GSE Tensile Strength Elongation Watereak; ipo g
%) (MP2) @) permeadj 1y

(ng m/m’sPa)

0 4639 + 257 4179 £ 9.9%° 616 + 004

06% 3886 + 118 5626 + 5467 6.10 + 007
10% 3196 + 1.36° 6007 + 313° 6.16 £ 029°

“Any means in the same colunm followed by different letters are significantly
different(p<0.05),
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AFH=7} S7Vepd AGEL Zash gt 3§
GSEE H7}elA] &2 Al el 2% 47.79%AHl
&t} 0.6% GSEZ @7}@ 29 56.26%, 1.0% GSES| 7%
60.07%% A =T}, Corrales %—(m)f pea starch 2 &
S G U =l ?&vﬂ 4L AU ue AR
D AR} 22 A, Z7 s itka Bl ) lE,

B A7 Az a9 FARH GSE A7) o8 255
?**6 t EAE Atele] Aol sl QA=) A
st AAEC] F7ise Aolgtn wdH,

%a‘f] WVPE 215 XA A9 A 2 2% A=A
AE9] fE715e] AA] 228 9EF siti14). Agl
9] WVPE 6.16 ng m/m’sPa °|11, 0.6% GSE 7}
4] 6.10 ng m/m’sPa, 1.0% GSE7} 349 J&& 6.16 ng
m/m’sPa] L=, o218 Aik= Aekel I B0 GSE A
7b7F AEe] wypell £ 98 71Xx 43 RoFr

Ugo gy

GSEZ 71’ A=5td #Ee] E coli O15T:H73 L.
monocytogenes®| W3+ e/ <] A3, GSES] AVE &
7hel wel vl A ES dAlske Tl SIS Eg +
AATHTable 2). GSEZ A76kA] &2 Aze HE9] 73
inhibition zones VAR ¥t 0.6% GSEE A 7)1gt
HE2 E coli O15THT# L monocytogenesl| tst] 24zt
15 89, 31.06 mm¢)] inhibition zone- & VERNRAL, 10% GSE

& 7t BEQ) A 247 1745, 3544 mm] inhibition
zone S YERARITE Park? Kim(6)¢] A7l W2 GSEE
ascorbic acid, EZWE & #f-3la oA n|dE9
AEB) JI& Fo 715S FFA7I ANEZHE 9A
sto] A gaE Jepdcin 2k B d3dA E
coli O157:H7} L. monocytogenes Z1Z}2] inhibition zone&
=48 A3} E coli OISTHTET} L monocytogenes©l| A}
U & T EAE A, 0)2]3 AT Zdenka 55)
2 E. coli O157:H73} L. monocytogenesS L33k 20 <]
gz 3 a3 Te e S 34 sisle
W) L monocytogenes?} E. coli O157:HTETE & GSE 5%
oA dAlE A& g8, GSEZF 28T Buke 1
g gAY ¥ &5& Byt

Table 2. Antimicrobial activity of the gelatin film containing
various concentration of GSE against pathogenic bacteria

GSE Inhibition zone (mm)

(%) E. coli OISTH L monocytogenes
0 0 £ 000 0+ 000
06 1589  020° 3106 + 3.24°
10 1745 063 3555 + 428

*Any means in the same column followed by different letters are significantly
different(p<0.05).
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ZMsle 3N A 25 2 Fgolge] A% F W
Z doliy] 93l ARk e v E 5o HigE
2315 th(Table 3). GSE-A e Y22 ¥4 B7|7}
LDPE ¥73¢] t27¢ Adetd #8508 149 27]9
ulg] & 37143 Ao 528 B3 o XSS Rl
ouh w3 Aalel Yevo g xS Br)e A, E 37
3 M7te] F2lo] LDPE E4¢] thzeol H]aj thd: A=

e oj3 e ggaIes] Arhe 23 A2 Zold
AT Bdd). Br]e) AA7Izbe] F7gel whet
ANAoR ZF 37 Aol F7tetged, A% 1294
=7, Ae 9§, GSEAER B52= X743 27]9
3714 Al 47t 523, 470, 3.63 log CFU/g2-Z, GSE
Al Jgo 2 ¥ By U7, deid g v
&) 2zt 1.60, 1.07 log CFU/g Zto]7F 9182 sttt
GSEAEH "Eo] X377t 5 ¥7] W EAjske &
718 A A% Al Mg & 9P dsS & F
19tk GSEE fresh-cut 4] AFA| 2 o] &H7| & =
dl(7), 0.1% GSE &5 2ol9} FAFol AatidS o
Sole AR 8UAL F Tyl To] tixTe vla <2 log
CFUJg Atol7} A em, 5= A% 9datolA vzt
of W& °F 23 log CFU/ge] #Zd E3E Uehlitie
x99l

G719 A T &2 2 FFo] 9] W3l Table 49
2} A% 293 iz, ARl 3§, GSEAlRY 255
ol sl TAZ wrle] TR U FHo|fe 747t 2,93,
2.87, 2.36 log CFU/gC. &, GSE-ZZel YEo2 A3
97]E 272 LDPE 43 Aty ggog A3
T7)o vl& zt2} 057, 0.51 log CFU/gS] Ao] S vEh o}
A 271X &5 9 Fgo] 9] 9A| £3+5 JE
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Al g AL &R 9 53| A7 dAE
gl 4= gQict 22lx e 39 Ak 27
LDPE ¥#of vlg] ©¥& B % F%o] 5 HeEho
el 2o wa] AR 2 Fgole] A AAat
A5 A 5 Yeh ofo WA GSEAEE B2
o] 43 =] IAL A% F n|dE A&E Alske 13
A9l Mg 7le=A 2719 PERE s HRE
T vk dgd.

AT s

7)o MxE 2r)e] £4E Addte T8¢ 89 F
sholth A7g717ke] Z71gel whel 712 Hunter L, a

£ Autz o7 Zylslt} 2hashe ZAS VRl e,
b #e adhs FAE EATHTable 5). A7 271 L 3
404701V} A4 39} LDPE, Agtel 5, GSE-AZE 2
o7 ¥4 979 Lzt 747} 4035, 41.19, 412622
27E A 9sta EF Lgto] Vit oy SA4e=
o Fel Aol fITh A% n2UAA = di2T, At
gl IE GSEAE "dgoz IR 7)Y Lk 4%
39.15, 39.28, 39412 A& 3zt vlaf Lgke] 7Had AE
golstg o, ATd R Blwatsl& o Ao} I
Hunter a 3t= L&tT FARE 8-S vehlls 27 594t
A a7, At 98, GSE-AeE A8 47} 4315,
4278, B2 A7 F 7V & agkS vERd ¥
A7 293 = U2, detd 2, GSEARE HE
Z}7} 4098, 4080, 40282 A7 5UAL] H3) W& ks JE
Uidou AT d2 feAQl AlolE JehlA] gsith

sy 23 dA

A% F @719 At A3 R, 23, 8 £
A AIZEE 97 7|THEYPC 2 =% 3% tHTable 6). A
371210 715l whek BE Ael75e] #e%ske ol

of

Wsieh £=3 371 $ GSEASY AFE o83t A A Uehiley, GSEARE dEos A%
IR e dET € A o ¥ Wl 279 B AR F UET, A 2EoR A3 27
Hg) A&Hom ¥ gv 9 F3o] $8 vehfo] GSE- dll Hlg] Hukdos w2 ghe WERE U ¢ i

Table 3. Change in the populations of total aerobic bacteria of strawberries during storage at 4°C

(log CFUjg)
Storage time (days)
0 2 3 5 7 12

Control” 317 + 007™ 336 + 0.07™ 400 £ 023 427 £ 014" 480 = 014" 523 + 04™

Gelatin film 317 + 007 326 + 007 333 £ 0™ 370 £ 0.03% 409 £ 0.15% 470 £ 0.08%

GSE-gelatin film 317 £ 007° 3.27 £ 008" 325 + 0.15% 349 £ 020% 354 £ 0.06° 363 £ 0.08%
"LDPE packaging.
91.0% GSE.

ACAny means in the same column followed by different letters are significantly different(p<0.05).
adAny means in the same tow followed by different letters ate significantly different(p<0.05).
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Table 4. Change in the populations of yeast/molds of strawherries during storage at 4C

(Log CFUlp)
Storage time (days)
0 2 3 5 7 12
Control 226 + 04" 2.93 + 008" 351 + 051% 437 + 013" 441 + 010" 481 + 003"
Gelatin film 226 + 024 287 + 004 350 + 0.10% 374 + 03% 416 + 0.04™ 438 + 008"
GSE-gelatin film 226 + 024% 236 + 0.3 249 + 020% 297 + 0.12° 316 + 04 338 + 008"
A'CAny means in the same columm followed by different letters are significantly different (p<0.03).
"Any means in the same tow followed by different letters are significantly different (p<0.05).
Table 5. Change in Hunter color values of strawberries during storage at 4C
Color Storage time (days)
Treatment
parameter 0 2 3 5 7 12
Control 4047 + 035™ 3896 £ 021% 4035 + 067° 3787 £ 047 3825 + 0337 39.15 £ 070
L Gelatin film 4047 £ 035% 21240767 4119+ 0420 4026 £ 027° 4029+ 123® 3928 £ 093
CSBgelain film 4047 £ 035™ 4100 +075™ 4126 £ 077" 3869 +LI7A®® 3997 £ 097 3041 + 085
Control 3961 + 060" 4045 + 0™ 4168 + 060" 4315+ 047" 4235 + 047° 4098 + (.35™
2 Gelatin film 3961 + 0.60™ 043 + 152° 42,08 + 089" 4278 + 045 4167 + 0777 4080 + 154*
GSE-gelatin film 3061 + 060 4048 £ 098" 4160 £ 049% 4323+ 077" 4020+ 067 4028 £ 100
Control 3118 + 044" 2949 + 033" 207 + 066 2889 £ 0,10 2793 £ 047° 2751 + 047
b Gelatin film 3118 + 044™ 3103 + 1.89™ 3073 £ 069 2884+ 1 2905 + 1 MM 2740 + 127V
GSE-gelatin film 3118 £ 044 309+ 152  2007:213*  876£149" 2810+ 117° 2815 £ 053"
A'BAny means in the same column followed by different letters are significantly different (p<0.05).
**Any means in the same tow followed by different letters are significantly different (p<0.05).
Table 6. Sensory evaluation of strawberries during storage at 4T
Organoleptic Treatment Storage time (days)
parameter 9 2 3 5 7 2
Control 900 + 000™ 880 062" 850 :03® 730 :03™ 580 :om™ 380 :047™
Appearance Gelatin film 900 + 000® 847055 882 :016® 753 :£050® 600t 100° 423 :o07™
GSE-gelain film 900 + 000 883 £021™ 860 £036™ 830 :026™  743+049® 677 £ 068"
Control 900 + 000™ 870 08" 750 :071™ 580 £ 069™ 390t 063> 310+ 033"
Texture Gelatin film 900 + 600 888+ QI0® 777+ 025 650 * 662 540+ 036™ 433 + 058"
GSE-gelatin film 900 £ 0.00™ 863 £ 040° 847+ 045" 770 £ 075" 7472 042* 527 025"
Control 900 + 000™ 860 £ 069® 780t 071M 620 £ 079" 450+ 071® 360 + 060™
Flavor Gelatin film 900 + 000 850 £ 050" 760 £ 053® 607 £ 101 443051 357 + 049™
GSE-gelatin film 900 £ 000 870 £ 026® 773 031" 624 021 483t 02™ 393 002*
Control 900 + 000™ 8702057 790+ O03® 630 £ 070" 4701 06" 350 067"
acg;g;%ty Gelatin film 900 £ 000" 863 £03% 770 £026° 617 £015° 453050 340 £ 053
GSE-gelain fim 900 £ 000 877021 823 :025"  677:025" 583 0I5 467 £ 0™

A'CAny means in the same column followed by different letters are significantly different (p<0.05).
“Any means in the same row followed by different letters are significandly different (p<0.05).
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