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Abstract

Dry jujubes (Zizyphus jujuba MILLER) of water activity 0.55 were packaged in conditions of different wat-
er permeabilities and stored at 25°C and relative humidity of 85%. During the storage of 133 days, moisture
content, water activity, titratable acidity, ascorbic acid content, browning and surface color were measured.
Studied packages were carton box of paper board (Control), shrink wrapped carton box (Shrink), shrink
wrapped carton box with desiccant (Shrink+desiccant), pouch package of oriented polypropylene/polyethylene
(OPP/PE) and OPP/PE package with desiccant (OPP/PE+desiccant). Shrink packaging around Control pack-
age could reduce water permeability significantly, and OPP/PE pouch could result in less water permeation
into the package. The packages of reduced water permeability were effective in slowing down the increases
of moisture content and water activity of packaged jujubes, and helped to preserve the quality as observed by
ascorbic acid retention, browning and surface color. Adding desiccant to the packages did not show any furth-
er benefits over the packages alone except slightly decreased moisture content at intial storage time.
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Aol YR o FAAQ FHRES AVt
o cH(Brown, 1992; Lakin, 1987). u}a}A] 2ol A
£ AU3E 555 2P0 & 2doz ¥FEY
< o dojvte F2FWsE A8 HAY TH=
A& AAstz &S SR o7 gt

e ¥ 2l

rale b2

A At 55 FFQ ANF(Zizyphus jujuba
MILLER)ZX AHEsdF 2T A3 A3 Az
d AZPNF AFL P8k AL

HoiFxe| & U M

AdF AIRE 370g 4 Table 13} & 2707
AU dxTREE FolBA 2(23X16X3.5
cm, BAEAH: 0.7 mm)E AHEEE D, $EEFoR
L FolmAluta $Jo] =7] 30x23 eme] polyolefin

film Cryovac D-955 (W.R. Grace & Co., Duncan, SC,
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Table 1. Packaging conditions used in this study
Condition

Carton of paper board thick 0.7 mm,
dimension of 23X 16X 3.5 cm

Shrink Cryovac D-955 film was heat shrink
packaged on the same carton package
as in control package

Package type

Control

Shrink+desiccant 50 g silicagel was inserted into the
shrink package
OPP/PE Flexible pouch package of 20x23

cm in dimension
50 g silicagel was inserted into OPP/
PE package

OPP/PE+desiccant

ujZ)e 2 PHAZl T, 110°C oA 3027 =24
A #AA kA g)o| 5 DAEA sch aelm d4
ZeiZ 29 20 pm/ZE]oE 3l 20 pm (OPP 20 pm/
PE 20 pm)9] A S 20x23 cme] 279} A4 370
g2 Ath3E AT =& o]|8F TARH &
FAE A7 TAE A AP el g5
A A7t 50g S9(B ¥, GHER, E)E 7}
ER MM 2 ez ¥3E uiFE 25°C,
FUlgE 85%2] FelA 133 ot A A
FEe FHAHE P o8 ARz
Selvekel sHdr] HaAEQd 1 FRAE nelde] A
FEYen, 43 22 € $221E FAE71 9
8] 8h2-3k%7](Model HB 1058, gk zls}, <l a)&
ALg-3FeA T

HoiFE Zae| E5F £

AhE £ A" AW Az deFld &
Ga 28E g 25°C, AUlEE 85% F7o| 12~
409 7} RS E7rE e FAETY £, dW/dt
& =733l Ficke] Yol 7123k ohg 2] (1ol 23}
of, gHAY d]FFIIge] Aol dEiA F&
FELEQ FHFE(WVTRYE AU th(Brown, 1992;
Lakin, 1987).

dw/dt
WVTR = -—————A((Pom L I)’i 5 )
oJ7]4, WVTR: F8-F 35 (g/m’ day Pa)
dW/de: FA19] F7H45 % (g/day)
A: 7o) @ A (g/m?)
Pou: AL R9] 422 7)9H(0.85 % 3169 Pa)
P,: X3 H-9] 27190 Pa)

EAAHZAAN ANEFE 85%2 FAE A

KCl 23} &42 &2 dHAAEE o83ttt
(Rizvi, 1986).

A= MEE TS £X

A3FAQ25C, F= 85% ) Do Fof thalA Alzbd
2 IAE Nedte FEREY, SREAR, 4, as-
corbic acid §&F, 2T, ERME F9] W3E 23
Sttt FEFEL 105°C, Aetslal| Al A xste] g3k
o] & w9 BAE 23l AF At F4be 23
£ A8M diF 5¢& F/FS 10mle) ol & o5,
90 mL9] ZH+E H7F8 3 0.1 NaOHR H A3t
(Ruck, 1963). HR AT A o] FALe AEY|Z O]
St AN o2 el FEEAEE No-
vasina FEHAE &37}a] (Model Humidat-IC, No-
vasia AG, 29| 2)2 —_,7';75? 3tgh.

AZE HANZe] ascobic acid FeFe] 2L
AOQACHPH(AOAC, 1995)) 93tsict. A= 33 &
0] 3] 8-(1990)2] el wtel i3 AlR S goll 50%
ethanol 50 mLE 7}3td A-2eA 24X]3F BaA% ¥,
blender2 v} 3ted o} 72| (Toyo No. 6)2 FH 3 of
HG o] BABEAZ 420 nmol|A FHEDZ EF
3lelth. 249 ascorbic acide} HEEE H{E 2o
FEEE S BY3lo PE S5gr|EeR &
ek, o) & EAA T 2 v wEd ot

EAAdT s 7292 g 5 Als 1070 sl
A A= AL a1A (Model JC801, Color Techno Sys-
tem Corporation, Y¥)E o] &3t Hunter®] Ax}A|
L, a, bgto 2 4% ¥ A2 Jephich.
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Table 2. Water permeability of packaging conditions
applied for the experiment

Water permeability Surface area

Package type

(g/m’ day Pa) (cm?)

Control 1.571x10° 1,009
Shrink 5.572x 10" 1,009
Shrink+desiccant 5.572x10* 1,009
OPP/PE 5.346x 10" 920
OPP/PE+desiccant 5.346x 10" 920

FHAol 7H & dl2T R Y AdiFe &
ToEn S =rt P W Skl o (Fig.
1; Table 2), o] 2 13l A7 56U ANME Ao B
E 37t Fgolell o R & BT ek 2
2|3 FEFHAGol 7P R OPPPE £ 30| %2
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AFz7] £ 26.7%, TEEAYE 0559 thal A
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Fig. 1. Changes in moisture content and water activity
of dry jujube packaged in different water permeability
conditions. @—@: Control, (—{1: Shrink, W—Mm:
Shrink+desiccant, A—A: OPP/PE, A—a&: OPP/PE+
desiccant.
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Table 3. Change in titratable acidity of packaged dry
Jjujube stored at 25°C and relative humidity of 85%

Package type
Acidity ¢ 28 56 101

Con- 1.04 1.02 - -
trol 104 102 119 120
133 Shrink 1.04 100 112 1.24
Shrink+ 1.04 096 123 1.30
desic- 1.04 096 130 1.40
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Fig. 2. Changes in ascorbic acid content of dry jujube
packaged in different water permeability conditions.
©—©@: Control, (-{1: Shrink, B—M: Shrink+desic-
cant, A—A: OPP/PE, A—A: OPP/PE+desiccant.

Zolut A~ ¥ A} o]l A &= ascorbic acid®] HEWHo|A FA
A olgl o}, OPPPE S X AA o= A3} 569 o] %
o] ¢33 P& ascorbic acid TS Boja R o
2 Jebgtth. Az FoA ascorbic acid2] sH3)& o
Hidog $REBNEI BL4E w27 wEd
(ichner, 1986) 2=2-3tere] 277} Aahdd 27
T2l oA E ascorbic acid o] 7ot A
3gd Aoz AzEn], SREHE 0.55~0.659)
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Fo e Altel M SR WEl 9 o2 Q%
3ol =Rz A3 ascorbic acid kol
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PE TAF7} 714 $-4°%}F ascorbic acide] H&EL R
Fe AL A xAN 288 uE ze
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2 Aol A3 2| ascorbic acid gHake 37)
AE ok 64 %, 1209 F <k 93%7) A4E HAeE B
DEAUY) W Eo o]e] BES AeiMe HAY ¥
z279 =Xlo] gt AP FEAILNE e
EFZEAL AYdle A 558 F + YSL Fig
27} B F3 )t} 28] 51 ascorbic acid B.&e] &9
oA AdiFe £EEHS B} Be 042 o]dle) @
S FRIYEE FABIEE el $ZT 4 9
Ao}, of B¢ EAHAH] o FA 51 23| o] Wt
A= EAH L 7 A kIS 5, 1997).
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Table 4. Change in surface color of packaged dry jujube stored at 25°C and relative humidity of 85%

Package type Hunter Surface color for each storage time in days

value 0 28 56 101 133

L 77.04 78.14 75.30 - -

Control a 375 2.26 -6.16 ; .

b 11.56 12.42 830 . .

AE* 0 2.04 4.41 ) .
L 77.04 77.35 78.28 77.60 77.93
. a 375 302 257 -4.84 428
Shrink b 11.56 12.05 13.28 1330 14.60
AE 0 0.93 2.43 213 321
L 77.04 76.99 7831 76.05 77.57
i . a 375 262 197 -5.87 425
Shrink+desiccant b 1156 12.14 13.48 11.87 1432
AE 0 1.27 2,91 228 2.85
L 77.04 76.87 76.64 78.27 77.19
a 375 277 3.02 481 477
OPP/PE b 1156 11.88 11.26 14.28 13.41
AE 0 1.05 0.88 3.17 212
L 77.04 77.29 75.43 75.40 7707
. a 375 2.78 407 6.58 541
OPP/PE+desiccant b 11.56 12.05 977 10.89 13.15
AE 0 1.12 2.43 334 230

*Distance from initial sample color in Hunter color solid, i.e., AE=(AL’+Aa’+Ab%)
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Fig. 3. Changes in browning level of dry jujube pack-
aged in different water permeability conditions. @—@:
Control, [(—{1: Shrink, H—M: Shrink+desiccant, A—A\:
OPP/PE, A—a4: OPP/PE+desiccant.
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