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Preservation of Strawberries and Cucumbers Packaged by Low density polyethylene
film impregnated with antimicrobial agent, Scutellariae baicalensis extract
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Department of Food Science and Technology, Gyeongsang National University, Chinju 660-701, Korea

Abstract

To develop a wrapping film, which suppresses the microbial decay through the storage and prolongs the selffife of fruits
and vegetables, the antimicrobial packaging films were prepared and applied to the preservation of strawberries and
cucumbers. Low density polyethylene(LDPE) film of 50im thickness was faricated with 1% of Scutellariae baicalensis extract.
The LDPE film impregnated with Scutellariae baicalensis extract showed antimicrobial activity on the disk test against Bacillus
cereus, Escherchia coli and Fusarium sp.. The antimicrobial film changed the color and light transmittance, but did not affect
heat shrinkage, mechanical tensile strength and wattability. Strawberries and cucumbers were separately wrapped with
packaging films in the state of closely-adhered packaging as well as modified atmosphere packaging(MAP). The wrapped
strawberries and cucumbers were stored for 21 days at 5C and for 40 days at 10T, respectively. For the packaged
strawberries and cucumbers at 5T and 10T, the LDPE film impregnated with Scutellariae baicalensis extract showed the
reduced growth of total aerobic bacteria, molds and yeasts and did not give any negative effect on other quality attributes
during storage in comparison with control film without any additive.
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°}78“*°] JowA FFAo]l $43 Aog Y FFF
E-(Scutellariae baicalensis extract)% Adz EdEA
x](Gradc 5302, T 0921 geoyol 1552 Arlstd S
Soum W2 ohg 2e Hes IS AxIU F,
1% A7k A719 LDPEZES] AZE H3Xc #FsF
ZE2S 4 AFUEVAM HMEY wE7F 10%Y
masterbatch 3 2 (pellet) S A Z3+QYch. o] masterbatchol] 9uj
T79] LDPE FA& EFAA BEA4E7A BEoE A
3k gEvle AN A =7 155~160T
HAZ FASEE FosAct oju, L LDPE FA
ol H7t glo] BYT ZHAA 50um Fx] FA=Z 7}
T3l dz27 988 QU

0

LEo| 71T £F

fz7E AH8E AU=Edgde(ow density polyethylene,
LDPE) IS FFA &A1& 1% =2 FHAA g3t
o] A|Z% LDPE & 7AFATE 5CAAM FH3A
AR ALgd "E9 24 ¥ oiiggs FIAEE EFFY
] (isostatic method)(11)ol] 9)3}4] m¢/m’ atm hre] T2 =
stk

ZEhY J7[H=A -

5T WAz AgsiHA T 7z £ 2
W3S AT TR A 2 oliEtes FEE X
Y 71A 1me FHsle A 22 vl E(Hitachi Model
163, HitachA}, Tokyo, Japan)ol]l 2j&jA &A3s ). 7lA~a g
vlE ez o] AL Table 13} Zth

Table 1. Gas chromatographic conditions for the analysis of
O; and CO; gases

Items Conditions

G.C. HP 5890A

Column Alltech CTR I column
Carrier gas flow rate He 30 ml/min
Reference gas flow rate He 40 ml/min
Detector TCD

Oven Temp. 40T

Injection Temp. 70T

Detector Temp. 90T
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A BEY B4E FHso dd8 &
A7t W59 o]gAd viXe FFE AHE T AR
A& A% g9 554 2ol 15 em, Ho] 2 em A7
o] FE ABE 120CoA 3087 =E2AZ L 0 F250
ZasEe ol wEE FAUY FFALS =Z7) 100l
& e YolmaAe o AojAE LY 4
Zto. 2 A Contact Angle Meter(Model G-I, ERMA Inc, Tokyo,
Japan)ol] 9j&te] ASTMWH ] 3t AT L=
o] 244 gojHe 50 em x 13 cm o HEAZE
Rheometer Compac-100 (Sun Scientific Co., Japan)ol] <]&}<q
60 muyming] =2 AFAZ o Aolxe FuAL BT
o gRAez rold gtk BB FREE 87
o PR TANE FAPR) dal AT AAA
(Model JC801, Color Techno System Corporation, Japan)= L
#e 2P BE AP 5UHE oo m F3ta
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ZFEES gy

LDPES]| #3555 EYste st Azd A
o gF5E4E APl st mlAEC] HFE e
Yo 1 x 1 cm 3Z7)¢) FEL 41 nAE AdAGEE &
Z3 A
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9719 HFe ZAgd EHo|(18 x 13cm) Hoﬂ ze
Yolz Agd duwA HUE FL ulx7 LDPEIES 7+ o
£ 971E 200£10g8 UG ©]F 40 x 30cm El7].4 Bt
A ES YT AdcZeddd g BA ¥ 483
o ¥AsETE 2 o IFMHTR Y44 BEY
TAZAN thaiA HA 05mme] BEEL F A o] %
ske] B7AHS 7HRA ERUWRY v|FHzA0] TAFIS
252 & ¥4 Auolt) 3, AEE 20]& g L&
HA sy Az £ A TG oA 2RE
©7)9} Qol= Ztzt STHA 219 EE 10CA 40U7 A
FalA A EAH3E 2P B 488 A7 AR
212 AZIHe 2= 2§57t ARFFELR FAH
o] Q¥ F7HE ukxElY AR RE HXste o] &3FATH

s UAESE SR8 A%l TRYEOR
4e 9715} oole AAr10Ee A shel homogenize
(Moder AM-7, Nihonseiki Kaisha LTD., Japan)oiA] 15,000rpm
o2 3¢7 shsEch o sdle eAdez BN
Foruj Ao T=ujgegct. 7)1 FdFE Plate Count
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Agar(Difco Laboratories, Detroit, USA)o]| Z=#3te] 30T oA
397 wiYsNG. EEa4E AlR8£92 chloroamphenicol S
A7 2171 PDAu}A(Difco Laboratories, Detroit, USA)A %
epsr 25T A 593t wigFatgth APL 3wEo Algo)
st ok A 1HEL FHTTA(AtagoAl,
Japan)ol| 93t ‘Brixs =2 £33t pHe widE 27
Zdeo] tfsle] pH meter(Model 230A, Orion research Inc.,
Boston, MA, USA)2 Z2A&th 24 B7] 558 & 100
mL2} §8le] homogenize A]71FE 0.IN NaOHZA| pH 8.19]
g W)7t7) pH meter2 HAste] FAL %2 YERATH

20]9] ascorbic acid FFS Q0]9] Alg YHFS T2
3Rk 0 2 Z3| A 10ml metaphosphoric acid & 0 2 wv}l&}

2% F dRAZ A7t 50 mi2 HEF S 2, 6

- dichloroindophenol- &2 ¢ 2 A3} c). &3, 7], 20]9]
A% F 7=(fimness)Z A& )= Rheometer Compac-100
(Sun Scientific Co., Japan)2 AME3I4ch 27 &7 5 mm
o] %% probedl A T T o]FEE BV H
€ Zo] 7 mm7bA] 60 mmmin®] £ET AU AlF o &
oJA = FEH(yield force)& FA3I ©]F 7 E(firmness)E
Al 282 20l A7 5 mme] 95 % probed]| 9
3te] FHIFOR o)lFRHE 209 EHE Zo] 10 mm7lR
60 mm/min®] &2 #AY AlF o dojxe FEYL &
8la o]& 7= (hardness)E FEAIBIHT ofge, Brlol ot
Fo&e AF 5 AT IR 8~14e & H3t
o Zk A AR d4e JeiAY F3o|7t B 2]
o] Mg T4, ol& AA Aol dE HlEEA REAS
Ak 20]9 Raf&e dA/N AR F, o 507 AMAE
ol thsted A Z7]o ) 3 emold ASHIAY F
o7t A ZE EA AA A A5 vEEA FEA
stk
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Ao ALE" " diFA GHdEdT ggH ol
o sy ST EDREE 7h2e £EEA mUym’ hr
atm 9] @92 UG F ¥HE Agd 9ile g9
EICE 891, A< micrometer(Mituto Co., Japan)® &
Ak o9 ZL oz AAFALAYN ATFEE
S 1% TEE FRAAA A g9 JAFHEE
243l Adojz Az Table 29} ok Edyez 95
< a4 A oM 7133y Aoz Qe T
7} 50 ym o]fe2ut AZE 4 JNew, FA 50um ¥
o9 A TRAYEY FH=c k<l LDPE ¥E9
Hdl ok & g4 A4 A7l BEL 0, FHZA
70~104 mL/m’ atm hre) W9)Z, CO, BT oA 310~472
mlym’ atm hre] B8 HaZ1 o} o]AL FA 28mQ
LDPE &9 A<, 0, £ A 90~120 mlym’ atm hre}
WOE, CO, ExolA 380~520 mljm’ atm h BT} thk
< JIAFHREE 7HAL e Ao eyt LDPE ¥
o o4 EZAAE FYANHL oFF HUIgle uiRT
LDPEY] HIw&t4S o, hAH 22 0, ¥ CO, 9 7|AFH
£ #ZaAle Aeg Jehta ok

Table 2. Gas permeability of plastic films used for packaging
at 5C and 10T

Gas permeabilities (ml/m’ atm hr)
5T 10T
0 oY) 0 SV

Antimicrobial agent ~ Thickness
added to packaging film  (im)

No additive
(Plain LDPE) 28 90 380 120 520
1% Scutellariae
haicalensis extract 50 70 310 104 4
B2 24
FgaiAe Hrld wE dE9 4L EAHF dig=

Table 37} 2t} &, AAFFA 24
FAvle Ae AZ% =

A 71X gkoH, AFFEEY
< el HEZDS dA43 w3 & #
I QA WM o]Ho] B £ USE
o} okgd, LIAXZE A% FEIXF JeHR o o] LA
F20 AL E Yele F22dXE 249 3352

H1
HU

=5 PR E3EEL 77 2T LDPEEE vls)
ES &8 BA% o1 o2 E4EAAM BFA Hhd
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Table 3. Physical properties of low density polyethylene
films impregnated with antimicrobial agent

Physical properties

. Transmit Tensile
agent added to " Shrinkage finessConct
packaging film ® o) T O 0P
No additive 28 763 9.7 100 112
1% Scutellariae
baicalenesis 50 870 90.8 80.3 120
extract

LDPEY #FFEEL Y3t ¢E3t AxE £3A
o) FFEXRE APy Yt uAEe] FFE FuujA)
ol 1x 1em 3v)e] BES A1 04E YA @
23w, 2 A= Table 49 2dth. Ao AL #3F

Gram &/33F Escherichia coli 'S 33°) Fusarium sp.of 3]
A gFAL 7L e A2E Yehvda glon, A3
AHEd BFFEEC] FRE X FEol AR Condida
albicansoll WiE|Me HdujAgdelA Fd4e YehlA %
3o ATk A AFAFAN BAE dFFEE FT
Az dotgAo] FFPECR oo Alg E FFold
g3 F7AE Jehdoy, AR deide dade By
ZF2 et ole FFFEEY daAol YEAZAA
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Table 4. Antimicrobial activity' of the packaging films observed
by paper disk test against various microorganisms

Bacillus Escherichia Candida Fusarium

cereus coli albicans sp.
Plain LDPE’ - - - -
LDPE with 1%
Scutellariae
baicalensis * A ) *
extract

' o reaction, +: clear zone of 1.0~2.5 mm, ++: clear zone

of 25~5.0 mm
? low density polyethylene

M AXIE ERAIZI ZEREE MES DR

It x| E
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FFAE 1% T2 7 LDPEZ o] £33 27]
ol AXR = vAES, AL, 7184 1¥E, Ax 2 28
o] wislel] wxE JaFe Table o Jept Utk &, A%
Z 275 A% SYAE U2TY FFRE AT B

F Z718 RolA gko} AR 9¥ARH dzFY AL,
E757t F58 FaPE AT v A F8)
Ak olgt e Addne B9 A, FuHA] wE
T vAEZo] S FHozA, UId 44 G2
Eol avHoz vjidE A{AA ) ALY & Je EHS
AW Aoz A=) o7 vAE FHY dAAAe
9719 & A v Aoz Yeht 5ToA 59
b AFA, Boge] A EFIFo] 6%2 10%2 FIH
2 A2y "EXG HEgA FodtA RaRgs
BEojE Aoz Jephgtorn], AR YA dxT
LDPEYUES A8 ZV|EZNANE 219859 % 79
g B9l wy, FRIUSTATE 13%2 B B B
otk AR 21497 Q27 BS 5%, FTIEELTY
AL 29%2 ¥ FI&S BHo AX% 2IAZE FEd
7] YEiME B8 FE4 BEA TS AT
ZN A=RA7ILE Ao Z YEith 2
go)] & R ALE FT59 WMo} FAE BEE Al
Al F3 ok 2rle) 23
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A7)zl Augd met F238) gisted wete @t
& A E HoFm glon, ANtAor I{FA
7 A1z} LDPEZEC® ¥Zd @79 Axrsl F3H7} d=
ggo @rlhchs 4353 Axe HEE BRA9F1 St
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AATE 24z 27) 0.90%914 0.75%, 09%9A 087%Z 7
Atk 3, M4 2HEL dx27e E$, 9.0 Brixdl
A 73 ‘Brix, $FBEEZTY 4% 9.0 Brixel|A] 8.0 °Brix
g ztaste A3 B4k ode 274E nAste E o),
L g 1% ¥52 ¥FA7] LDPE HEL 7|9
Z5 TRRANA 0 BEY F4E dAGE o2 ¢
o Rug vFo] Fu, 44 LDPE &L {9 7
g fANA FE 5, Fxi2] LDPEZ S| ol vl
97)e] FAGIALE A IFLAZ 1 AHRE

15 a5 A3t 10T
9] 2571 FAHE F7HE o)A A AZsHA v
AEF, ascorbic acid@H, A= 2 Foi&5d 4 wWsE
z79 T4 LDPEEE ¥A79 vlil - 533t Table
67} 22 AAE Ak F, 20]9 AxE dETo| BHlu
3N da"goz TSN AFAM HZRAd =S
== Ao Jelgrh ascorbic acid FFS AA7|Zro] A
HFFE Aty oz AAde AEE Holx g, gz
9] 749, AAZ7])d 6.34mg/100ge] ascorbic acidgEFo] A%
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4094 4.55mg/100g0.2 A vste FFUEXFTF
7% 498mg/100g0.2 ¥A veh}, iyl HwsA 27
F2ES A7 LDPEE XS A GEFEFTANA ascorbic
acid®] )7} Adse Ao BEAL AR F 3714
F049 A%, 3309 wsle Aol FRIAe ¥A
o AmFo g djxTo vwsA FALEXZTFAA v
E ASo] we Holn, §FYUE XA AFFAM 2
ol A%F, 3714 FT4 Bt oflz AR 2 FPo|
FAE JAHe AoF eyttt ol IFIE] 2019
AaEA TN dio] E3IES 124 AhEH
JZEoIN Alg FHA FUS HJFo] o]Fojx| 1 o]2
& FFEAY o] A F UNS A= HIEH
2ol AF Fo vehte FHgd JMz o
o AE S0 JAAYTL Vdshe ALE HoxW gz
T A, A 2089A B go] 24%2 Jeh} FHUEX
A7 A% 409 B 1622 EA Uehkth ol
ol g ZAME X Ao I BEA 9
ste] Qolst YA FeZ FAFEH AAMY AY #
5 Z UAE A4S A Ha ol FHEE A
A wFe & £ dve AE FRIsks Aot} o]
Ade Q0] HAE ER o8 N4 X9H FFLEY
o2 QA3 TAA9 FFEAHo] oo RiyF oy
Al7IE HAE F4E AAAA RAE YA Aoz
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Table 5. Changes in micobial count, pH, titratable acidity
and soluble solid of strawberries packaged in 1%
antimicrobial agent-added LDPE film and stored at 5T

Antirmicobial o Storage time (day)
gl adced to - Qulty ftem o 5 9 1 2
(Tc‘f"u/"*lg)mb“bam 302 35 38 S0 175
MId & yeasicifs) 319 371 394 533 84
g 340 345 367 395 410
(o addifive)  Acidity(%) 0% 09 08 080 075
Soble soid By 90 83 77 75 73
Hardness (g) %0 240 215 18 138
Decay ratio(’%) 0 10 A B 5
gu/alg)m”am 32 325 330 412 SH
Mod & yeastcfy®) 319 321 36 450 587
10% extract of pH 340 342 349 38 370
Soellarize gy 0% 0% 089 088 087
Soble sofid (Bx) 90 89 85 82 80
Hardoess (g) B0 %6 2 A9 175
Decay ratio(%) 0 6 1B 19

olgs] ATATE wlFol, ¥ ATolH 1 J¥H L
g 788 AFPIIAY FIFEEL, HAF T4
IFDE 242 BEY 3%, £ AR YEAAL
HE G 5 Yol 28 FAFY AW w59 5
HaSe) & £g0] 9 Ao 47Ed

Table 6. Changes in micobial count, pH, titratable acidity
and soluble solid of cucumbers packaged in 1%
antimicrobial agent-added LDPE film and stored at 10T

Antimicobial agent Storage time (day)
added to LDPE Quality item
film 0 10 20 3 40
Total aerobic bacteria
450 491 538 605 712
{cfiyg)
Mold & yeast
245 423 530 586 690
Control (cfug)
(no additive)  Ascorbic acid
634 580 552 491 455
(mg/100g)
Hardness (gf) 5650 5020 4550 4090 3385
Decay ratio(%) 0 11 4 3 4
Total acrobic becteria o 47 505 561 654
(cfujg)
Mold & yeast
L0% exmact of (g 245 266 292 389 4%
Scutellariae L
. Ascorbic acid
baicalensi 634 603 58 557 498
calensis (mg/100g)
Hardness (gf) 5650 5353 5045 4689 4406
Decay ratio(%) 0 5 9 12 16
2 o
g o] 3l FFFEEES IFUELAR
7 }04 JJrZHTr‘ﬂ] g ¥ZHFS & 43 o 2

o & 1% 22 %‘%—"F%%Q A A= ZFd
A3 5TAM ARBst
A /?J_‘ﬁi}a 439 éﬂr A7) dzgEd vl 57
4 Fdy, T%0] 2 ARSFE FHE vAEY 348 o
Aske Aoz L}EH&D} ol nAE FAAAY aHR2
°13}°“1 A WES XY 2719 BHEs o F

I, d3= ‘?174]3}9&5} 2719 A% F pHE Fsstan 3
Xé/&Er: F2sgen, M AFEL Fise FEE
o, ¥FAT e FAstn 44 e AolE
FAE = U ok, AEALAEQ] 2018 ¥FYFE
of A ARSI 10CAHN AFsdA wAE 4%, 5
&, BE, 3 FES S A dzTol vlay
TRHL e 42 F UAMS ol& WET(LDPE) dE
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of wmwsly FF2AS H7Me LDPEREoE ¥RT F
o gHlFyez 20]9 dAzte AU, ascobic acidFF
o] ZAZr gukg Aoz yelhth uAE 4% 94 9o
AGe AL B F dda, 2 A, AFeo)y Hisx
A #irshs Aoz YEiETh mabA, 551:"-’-?‘%%34 2
AAgFA2AE AR §FPELR AAFE A3 A
3. f53e AS AAFY IF 2 ’“-&Wl/‘i 74
BIAE FRNA FARRE S FINE F e T
A A%E JYehe 2395 A8 4 ANk

2t 2

E =R ASYPEAT stedTul A ost
FHE A7 YRolw, ojd Hoj A=FYTH

o

ok

b

1. Chung, SK,, Cho, SH, and Lee, D.S. (1998) Effect of
Antimicrobial Packaging Films on the Keeping Quality of
Strawberries. Food Engineering Progress. 2, 157-161.

2. Chung, SK.,, Cho, SH, and Lee, D.S. (1998) Modified
Atmosphere Packaging of Fresh Strawberries by Antimicrobial
Plastic Films. Korean J. Food Sci. Technol. 30, 1140-1145.

3. Shin, DH, An, DS, Cho, SH. and lLee, D.S. (1999)
Modified Atmosphere Packaging of Fresh Cucumber and
Zucchini by Using Antimicrobial Plastic Films. Food
Engineering Progress. 3, 186-192.

4. Chung, SK,, Cho, SH, and Lee, D.S. (1999) Antimicrobial
Packaging Films for the Preservation of Harvest Grapes.
Korean J. Postharvest Sci. Technol. 6, 43-47.

5. An, DS, Hwang, YI, Cho, SH. and lee, D.S. (1998)

10.

11.

12,

Packaging of Fresh Curled Lettuce and Cucumber by Using
Low Density Polyethylene Films Impregnated with
Antimicrobial Agents. J. Korean Soc. Food Sci. Nutr. 27,
675-681.

. An, D.S,, Shin, D.H,, Cho, SH, Lee, SB. and Lee, D.S.

(1999) Packging Films Coated by Antlmicrobial Plant
Extracts and Their Effect on the Keeping Quality of
Cucumber and Zucchini.
22-27.

Food Engineering Progress. 3,

. Kim, YM, Lee, SB, Cho, SH. and Lee, D.S. (2000)

Fabrication of Polyethylene Films Coated with Antimicrbials
in a Binder and Their Application to Modified Atmosphere
Packging of Strawberries. Korean J. Postharvest Sci.
Technol. 7, 12-18.

. Chung, SK. and Cho, SH. (2000) Effect of Antimicrobial

Dippimg and Packging on the Keeping Quality of
Cucumbers. Korean J. Postharvest Sci. Technol. 7, 8-11.

. Park, W.P., Chung, SK. and Cho, SH. (2000) Changes in

the Keeping Quality of Strawberry and Cucumber treated
with Korean Medical Herb Extracts. Korean J. Postharvest
Sci. Technol. 7, 145-149.

Cho, SH. and Kim, Y.R. (2001) Antimicrobial Characteristics
of Scutellariac Radix Extract. J. Korean Soc. Food Sci.
Nutr. 30, 964-968.

Karel, M., Issenberg, P., Ronsivalli, I. and Jurin, V. (1963)
Application of Gas Chromatography to Measurement of Gas
Permeability of Packging Materials. Food Technology., 17,
91-94.

Cho, S. H, Chung, JL.H. and Ryu, C.H (1994) Inhibitory
Effects of Natural Antimicrobial Agent on Postharvest
Decay in Fruits and Vegetables under Natural Low
Temperatures. J. Korean Soc. Food Nutr. 23, 315-321.

(B4 2009 69 152)



