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Freshness of Satsuma Mandarin Packed in
Anti-fogged MA Film with Acid Treated Zeolite

Hyung-Woo Park* and Na-Hee Ryu

Korea Food Research Institute

Abstract This study investigated the effect of functional MA films (FMA) incorporated with zeolite powder treated
with 1 N HCL solution and anti-fogging agent on the freshness extension of Satsuma mandarin. Preference, weight loss,
total ascorbic acid, sugar content, titratable acidity and gas composition in package of Satsuma mandarin were evaluated
during storage at 15°C. After 120 days of storage, the weight loss of mandarin packed with LLDPE film (control, L) was
1%, FMA film (CA) was 1.6%. Total ascorbic acid content of Satsuma manderin in control was 19.97 mg%, those of
CA was 24.25 mg%. The titratable acidity of Satsuma manderin in CA was higher than that of control, while soluble sol-
ids content of CA was lower than that of control after 120 days. Ethylene gas content of control was 89.5 ppm and those
of CA was 73.6 ppm after 120 days. Quality of Satsuma mandarin packed with CA was better than that of control. It was
verified that shelf-life of Satsuma mandarin in control was 100 days and those of CA film was 130 days. Quality of Sat-
suma mandarin was few different between treated with anti-fogging agent and non-treated, but commodity of film treated

with anti-fogging agent was considered better than that of non-treated.
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Table 1. Water vapor permeability of films

Thickness Water vapor permeability
Packages 2
(mm) (g/m?-24h-atm)
L 30 13.3%
CA 30 48.3

Thickness of films was 30 um

L: Linear low density polyethylene(LLDPE) film

CA: LLDPE film with zeolite and anti-fogging agent

DAIl data are mean value of triplicate.

DValues followed by the same letter are not significantly differ-
ent at the 5% level.
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Table 2. gas transmission rate of film

) Gas transmission rate
Packages Thickness (cc/m>24h-atm)
(mm)
0, Co,
L 30 6,400* 15,8722
CA 30 16,097° 36,242°

Thickness of films was 30 um

L: Linear low density polyethylene(LLDPE) film

CA: LLDPE film with zeolite and anti-fogging agent

DAll data are mean value of triplicate

IValues followed by the same letter are not significantly differ-
ent at the 5% level.
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Table 3. Changes in the sensory score of packed Satsuma mandarin during storage at 15°C

Storage days
ITEM Packages —
Initial 30 60 90 120
. L - - + ++ ++
Spoilage
CA - - - ++ +++
. L - + + ++ +++
Dew condensation
CA - - - - ++
L - - + + ++
Tenderness
CA - - - + ++
L - - - + ++
Mold
CA - - + + ++
. L - - - + +++
Total acceptability
CA - - - - ++

note)—: Very small change/1 Pack, +: Small change/1 Pack, ++: Unvalued Satsuma mandarin as a commodity; 1~2 EA/1 Pack, +++:

Unvalued Satsuma mandarin as a commodity; 4~5 EA/1 Pack
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Table 4. Changes in the weight loss of packed Satsuma man-
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Table 6. Changes in the soluble solid content of packed Sat-

darin during storage at 15°C (unit: %) suma mandarin during storage at 15°C? (unit: °Brix)
Storage days Storage days
Packages — Packages —
Initial 30 60 90 120 Initial 30 60 90 120
L 100* | 99.904% | 99.686" | 99.589% | 99.063% L9 11.3% 11.4% | 11.7% 12.5% 13.5%
CA 100* | 99.899% | 99.463" | 99.273" | 98.375° CA 11.3* | 11.7* | 117 | 12.2% | 12.5%

Thickness of films was 30 um

L: Linear low density polyethylene(LLDPE) film

CA: LLDPE film with zeolite and anti-fogging agent

DAIl data are mean value of triplicate

DValues followed by the same letter are not significantly differ-
ent at the 5% level.

Table S. Changes in the ascorbic acid content of packed Satsuma
mandarin during storage at 15°C? (unit: mg/100g F.W.)

AThickness of films was 30um

L: Linear low density polyethylene(LLDPE) film

CA: LLDPE film with zeolite and anti-fogging agent

DAll data are mean value of triplicate

DValues followed by the same letter are not significantly differ-
ent at the 5% level.

Table 7. Changes in the titratable acid of packed Satsuma man-
darin during storage at 15°C? (unit: g malic acid/100g)

Storage days Storage days
Packages — Packages —
Initial 30 60 90 120 Initial 30 60 90 120
L 38.58% | 28.36° | 23.44° | 20.57° | 19.97° L? 1.03% | 0.85%® | 0.79° | 0.70" | 0.60°
CA 38.58% | 30.04%° | 24.87%® | 23.56 | 24.25* CA 1.03? 0.90* | 0.82°® | 0.74%® | 0.69

AThickness of films was 30 pm

L: Linear low density polyethylene(LLDPE) film

CA: LLDPE film with zeolite and anti-fogging agent

DAIl data are mean value of triplicate

DValues followed by the same letter are not significantly differ-
ent at the 5% level.
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AThickness of films was 30pm

L: Linear low density polyethylene(LLDPE) film

CA: LLDPE film with zeolite and anti-fogging agent

DAIl data are mean value of triplicate

DValues followed by the same letter are not significantly differ-
ent at the 5% level.
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Table 8. Changes in C,H,, O, and CO, concentrations within
modified atmosphere packages of Satsuma mandarin during
storage at 15°C?

Gas | Packages 10 30 Storaiz (dayz)o 120
C,H, L 28.5%| 47.1° | 59.7* | 70.3* | 89.5
(ppm) CA 23.5%] 38.9° | 45.7° | 56.3° | 73.6
0, L 1817 13.79| 11.7¢ | 10.9% | 9.5¢
(%) CA 19.1| 14.7%| 13.8° | 13.0° | 10.9°
CO, L 1.9* | 32° | 44 | 53* | 75°
(%) CA 250 | 3.9% | 42%| 49° | 6.35°

AThickness of films was 30 um

L: Linear low density polyethylene(LLDPE) film

CA: LLDPE film with zeolite and anti-fogging agent

DAIl data are mean value of triplicate

DValues followed by the same letter are not significantly differ-
ent at the 5% level.

=2 L}E‘rk}iﬂ} NEEZTL(CARE AF 1208 F 6.5%= Y
ER] FE-3EAA A2 NLEAT(CAYIM €O, &
=7} ta ”71 | YERSTE. Suzuki 5-(1981) Satsuma man-
daring 0, % 5%, C0, 5= 0.5~6.5%1A 4°Coll A%
Al FARA 717kl 165Ul thal Higled £ AE e
AR A717ke] 71 AL 2=7F 11°C § 2 259
At Aol ogk o2 ATE T 2 AY
Azl 7HEe] A2 0,8 CO, =R o & 7k=
SEE 2dske Aol o uigEsital ddEITh

=

o (0] 5
i -

2 AFolMe SR EE X3 YT AlSEelE £

IE AF AEste] MAZE AZA] FEAAA (A 2HA],

Fex2))E Wl Aelste] Akst N CAR 273

FEake] ANESR] I % }s}v} 71*4 LLDPE
%z :rL(CA)Oﬂ Ed ==

Lozl alof 1202

ol oH

il

N
o —E
3
‘Lo

HoolN oy pE o 0‘1 Q
ol 1

, Vitamin C, B%, AF=9} 7141 % é% 1_,1 A8k
E@%z]ﬂﬂ& q}&;L(L)% 100 /W22 (CAYE 1309

FARA7IZ] x2THT 2
Al L}E}W’ gl %E}. A F F s A 1208 3
o] RTHLYS 1% WG NEEATL(CAYE 1.6%3AT)
Vitamin CZ-& 7EET(CA)IA Vitamin C FE50]
17% A% d =4 A ATt D‘E—t— NEEZFT(CA)
Ho} gizHLelA O A4 YER L dbes o (L)ETh
MEEAFCAPIA B =7 \%E}kku}. ZAA el o=
712 TEE A 1208 Folle ERTF(L)YS 89.5 ppm2 7N
ET(CARE 73.6 ppmoZ 7L 7EEA-H(CA)

5L

R
(]

BRI

FSIA|

1o
il

=

JOI\

oA 159 ppm BA LrERTE 0, 7k2e] A A% 1202
T PETL)YS 9.5%A3 NLEATE(CAYE 10.9%= e}
U Oi2FET 14% =A F41532 JATE Co, 712=9] 7

A% 12085 PRTLL)S 7.5%A3 ALELF Ce
6.5%% e di=T (LB PEEZTH(CAYIM 1% T
W fAHT AN olge] Aol et MABES

e A=fAE AZ &8 F o] SHAUT
T3 RS0 7R s FE-S=A] A2g
HES ATeA &2 ZE3 v Bg u, AXEe
= & FFo] JAR FEZFANE ERol E o= #
= ATh

ZHAle] 2

E =10 oI Axs] A gak I ek 3

FE A wad 2 9Ee A AR RS
E

o=

Q—T’—_ﬂ__;
L BH-, SLaleg, ead, Al s, 1989, E8knE FERC F

Fo S, =2 EEs]A], 21: 235,

2. O|AZ, AGt, o1F, B 1982, A E T EE AT E,

FHESIAL 2157, 128.

3. Bhullar, S.J., Dhillon, S.B. and Randhawa, S.J. 1985. Effect
of wrappers on the storage of Kinnow mandarin, J. Res.
Punjab Agric. Univ., 22: 663.

4. Choi, Y.H. at al. 2002. Influence of modified atmosphere
packaging on fruit quality of ‘Tsunokaori’ tangor during cold
storage. Korean J. Hort. Sci. Technol.., 20: 340-344.

5. EL-Goorani, M.A. and Sommer, N.F. 1981. Effect of modi-
fied atmosphere on postharvest pathogens of fruits and ve-
getables, Hort. Rev., 3: 412.

6. Hagenmaier, R.D. and Shaw, PE. 1992. Gas permeability of
fruit coating waxes, J. Amer. Soc. Hort. Sci., 117: 105.

7. Kawada, K. 1982. Use of polymeric films to extend posthar-
vest life and improve marketability of fruits and vegetables,
T.P. A C, 87

8. Kim, J.H., Lim, J.H. and Koh, J.S. 2002. Quality changes of
satsuma mandarin during storage warehouse. Korean J. Food
Preserv., 9: 131-136.

9. Koh, J.S. et al. 1998. Effects on storage life of Satsuma man-
darin as affected by wax-coating, paper packaging and film
packaging. Korean J. Postharvest Sci. Technol., 5: 141-146.

10. Park, N.P. 1970. Studies on the preservation of apples by
plastics film coating, J. of the Korean Agricultural Chemical
Society, 13: 131.

11. Rangana, S. 1977. Manual of analysis of fruits and vegetables
products, Tata McGraw Hill Ltd.

12. Shin, B.S., Han, N.W., Lee, W.T., Kim, J.H. and Oh, J.G.
1981. Adsorption properties of domestic natural zeolite, J.



Vol. 19, No. 1 (013)AF A2 Al S0 EQF 2 WA =

Res. Institute for Catalysis, 3: 23.

13. Stephenie, PJ. 1985. SAS/STAT guide for personal compur-
ters, version 6 edition,SAS Institute Inc., Chap 1.

14. Suzuki, T., Kubo, N., Haginuma, S. and Tamura, S. 1981.
Changes in free amino acid content during controlled atmos-
phere storage of Satsuma mandarin, Report Nat. Food Res.
Ins., 37: 90.

15. Yagi, M.I. 1980. Storage behavier of Baladi mandarins in the
Sudan, Hort Science, 15: 300.

16. Yang, C.B., Park, H. and Kim, Z.U. 1967. Studies on the

[s13=4q7]

[

17.

18.

MA ZEO=

RE
S

el
l

e P 41

chemical composition of citrus fruits in Korea (1). Korean
Agri. Chem. Soc., 8: 29.

Yang, C.Q. and Zhou, Q.S. 1985. Interfacial diffusion of ch-
romium (III) fumarato coordination compound in the forma-
tion of aluminium - polyethylene composite film, Appl. Surf.
Sci, 24: 213.

Yang, Y.J. 2001. Postharvest quality of satsuma mandarin
fruit affected by controlled atmosphere. Korean J. Hort. Sci.
Technol., 19: 145-148.

00:2013.03.22./0000:2013.04.02/00 0 0:2013.04.17


Administrator
텍스트 상자   
투고: 2013.03.22. / 심사완료: 2013.04.02 / 게재확정: 2013.04.17



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




