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Effect of Modified Atmosphere Packaging on Freshness Retention,
Polymethoxylated Flavones, Synephrine, Ascorbic Acid, and the Radical
Scavenging Activity of Unripe Green Shiikuwasha (Citrus depressa Hayata) Fruit

Mivact Kazuna'®, Koca Nobuyuki®!, Hica Atsushi**, Awacunt Yoshihumi*Z,
Yamamoto Kenta*!, Wapa Koji*® and Oura Hideaki*'®

* 1 Department of Nutritional Sciences, Nakamura Gakuen University,
5—7-1, Befu, Johnan—ku, Fukuoka 814-0198
# 2 Okinawa Prefectural Agricultural Research Center;, 4605-3, Nago, Nago—shi, Okinawa 905-0012
* 3 Faculty of Agriculture, University of the Ryvukyu, 1, Senbaru, Nishihara—cho, Okinawa 903-0213

We investigated the effect of modified atmosphere (MA) packaging on freshness retention: contents
of polymethoxylated flavones (nobiletin, tangeretin, and sinensetin), synephrine, and ascorbic acid; and
1, 1-diphenyl-2-picrylhydrazyl (DPPH) radical-scavenging activity in unripe green Shiikuwasha (Cirrus
depressa Hayata) when it was stored at 5,10 and 25C, using sealed micro-perforated polypropylene
(PP) film bags (film No.1:oxygen permeability, 160mé - bag™ « day™ + atm™ ; film No.2 ! oxygen
permeability. 420 m¢ - bag™ - day™* - atm™"). The appearance (greenness) was used as an index of the
freshness of fruit:; the freshness of fruit stored for 4 months in film No.1 at5 C, for 3 months in film
No.l at 10C. and for 1 month in both films (No.l and No.2) at 25C was compared with that of fruit
stored for 2 weeks in holed PP film bag. The chemical contents in the fruits investigated at the
beginning of storage, were as follows: nobiletin, 419.4 mg/100 g freeze~dried peel; synephrine, 536.4 mg/
100 g freeze~dried peel and 25.6 mg/100 m¢ juice; ascorbic acid, 34.4 mg/100 g fresh peel and 9.6 mg/100
mé juice. DPPH radical-scavenging activity was 99.4 umol-Trolox equivalent/100 g fresh peel. In the
fruits stored for 3 months in film No.1, the decrease rate of chemical content in the peel was 23% for
nobiletin and 35% for synephrine. Ascorbic acid in the fresh fruits stored for 3 months at 5T
decreased by 67% for peel and 39% for juice, while DPPH activity of peel decreased by 20%. These
data showed that MA packaging using film No.1 at5 C was the most suitable condition for storing
unripe green Shiikuwasha in terms of freshness retention: contents of polymethoxylated flavones,
synephrine, and ascorbic acid: and radical-scavenging activity.

(Received Apr. 26, 2010 ; Accepted Jan. 19. 2011)
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nobiletin, synephrine
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[
,?,-j Fig.2 Effects of plastic films on the nobiletin content in
E; 3r Shiikuwasha (freeze—dried peel) during storage at5 C
g and 25T
o 2 F . .
Bl 5T, Film No.1;A5%T, Film No.2;€57C, Film No.3
1 : : ; ; : > . 2257, Film No.1; #25C, Film No.2; 4#25C, Film No.3
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b)
Fig. 1 Effects of plastic films on the overall score of
30 -

Shiikuwasha by sensory evaluation during storage at
5, 10, and 25T

1.

a) Film No.1 : Oxygen permeability, 160 m¢ - bag™ - day”
atm™ ; b) Film No.2 ! Oxygen permeability, 420 m¢ - bag™ -
day™ - atm™ ; ¢) Film No.3 (perforated film) . diameter of
hole, 5mm; number of holes, 4 ; Film size, 120> 150mm; film
thickness, 0.03mm

B5° C, Al0° C, ©25° C

Overall score, 5 ; freshness at harvest, 3, fair (salable), 1
inedible

20 r

10 +

Synephrine (mg / 100 mé)
o

Storage weeks

Fig. 3 Effects of plastic films on the synephrine content
in Shiikuwasha (freeze—dried peel and juice) during
storage at5 C and 25C

a) Freeze-dried peel, b) Juice
Symbols are the same as Fig.2
Shown in Fig.1 for the legend of the film
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Fig. 4 Effects of plastic films on the DPPH radical~
scavenging activity in Shiikkuwasha (fresh peel) during
storage at5 C and 25C

a) 5C, b) 25T
Eriim No.1, AFim No.2, €Fim No.3
Shown in Fig.1 for the legend of the film
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Fig.5 Effects of plastic films on the L - b/ | a| value of Shiilkuwasha
during storage at 10C and 25T

B10TC, Film No.1; &10C, Film No.2; €10T, Film No.3
25T, Film No.1; 25T, Film No.2; 425C, Film No.3

Shown in Fig.1 for the legend of the film

Table1 Change in carbon dioxide and oxygen concentration (%) inside the Film No.1 and Film No.2 during storage

at5, 10 and 25T

Film No. 1
Storage 5C 10C 25T
weeks CO. 0, CO:. 0O, CO. 0.
0 3.0+0.15 17.4+0.02 7.0+0.19 12.3%+0.16 2.1x0.14 18.3%=0.22
2 2.8+0.03 17.1%0.03 9.5%0.03 12.1%0.13 5.8%+0.28 12.3+0.07
4 3.1%0.02 17.0%£0.02 10.7x0.09 10.6=0.16 7.0+£0.12 7.8+0.14
6 5.5+0.03 15.0%0. 07 10.0+0.15 9.4%0.19 10.5+0.12 6.2%0.12
8 7.0+£0.07 12.2+0.08 15.4+0. 86 9.7+0.76 - -
10 8.3+0.10 12.3%=0.05 17.0+0.15 5.8+0.07 - -
12 11.4x0.05 8.4+0.07 - - - -
mean*S.D. (n= 3)
Film No. 2
Storage 5C 10T 25C
weeks CO. 0. CO: 0. CO. 0.
0 2.8+0.01 17.7x0.08 4,3x0.17 16.3+0.17 1.8%0.25 18.6%0.33
2 2.7+0.08 17.920.11 5.5+0.13 15.3+0. 18 2.7%0.25 17.7%0.28
4 2.9%0.02 17.7+0.02 5.9+0.12 15.1%0.15 5.8%+0.33 13.7x0. 28
6 2.7x0.01 17.8+0.04 5.9+0.07 13.7%+0.12 7.1+0.33 13.8+0.33
8 5.0+0.09 15.1%0.09 - - - -
10 5.8%0.05 13.7+0.07 - - - -
12 - - - - - -

R olze —7, Fim No.2Tl,
FTCORPICEE o7 B, Film No.3(5CE, 10T
X, 25CIX) &, @MICHEAPPEHER LI &9 b,
FERIIREAMAL (ZELIRSE 1 0.04%, B 21%,

FUT18%) EREN Dol

SRERHA R IZ14% 388 7.

mean=SD. (n=3)

FAONWE CEBEOETE
TAANE VEEEOS CR E255CROEL%Fig. 612
FL77

£ AT L 72 &) & RARICHTREIX & b BB, Ritho
TAINE Y BREIIPEREMEICHE TIRTF L7z 320H
BEo 5 CRIEHO 7T Aa Ve YR 2D E, BRET
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Fig. 6 Effects of plastic films on the ascorbic acid
content in Shilkuwasha (fresh peel and juice) during
storage at5 C and 25T

a) Fresh peel, b) Juice
Symbols are the same as Fig. 2
Shown in Fig. 1 for the legend of the film
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