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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

Mivacl Kazuna'*, Koca Nobuyuki*!, Hica Atsushi’?*, AwacuNI Yoshihumi*?
Yamamoro 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 Ryukyu, 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 (Citrus
depressa Hayata) when it was stored at5, 10 and 25C, using sealed micro-perforated polypropylene
(PP) film bags (film No.l:oxygen permeability, 160m¢ + bag™ + day ' - atm™' ; film No.2 : oxygen
permeability, 420 mé - 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.l1 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 mé 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.l, 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 5C
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 at5C 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)

Key words : Shiikuwasha (Citrus depressa Hayata), modified atmosphere packaging, polymethoxylated flavones,
nobiletin, synephrine
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Fig. 1 Effects of plastic films on the overall score of

Shiikuwasha by sensory evaluation during storage at _ 307

5, 10, and 25C E ol
a) Film No.1 : Oxygen permeability, 160 m¢ - bag™' * day ' - § N
atm™ ; b) Film No.2 : Oxygen permeability, 420 m¢ - bag™" - :o 20 r \i
day ' - atm™ ; c¢) Film No.3 (perforated film) : diameter of £ 15k %
hole, 5mm; number of holes, 4 ; Film size, 120X 150mm; film Q
thickness, 0.03mm _Ej 10 +
H5° C, Al0° C, ¢25° C § 5
Overall score, 5 ; freshness at harvest, 3; fair (salable), 1; (»’/>)> mean * S.D. (n=3)
inedible 0 s )
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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 Shiikuwasha (fresh peel) during
storage at5 C and 25C

a) 5C, b) 25T
HFilm No.1, AFilm No.2, @Film 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 Shiikuwasha
during storage at 10C and 25C

M10C, Film No.1; A10C, Film No.2 ; €10C, Film No.3
25, Film No.1; 425C, Film No.2; ©25C, 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 25C

Film No. 1
Storage 5C 10C 25C
weeks CO, 0. CO, 0. CO, 0.
0 3.0x0.15 17.4%0.02 7.0+0.19 12.3%0.16 2.1+0.14 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 10.7£0.09 10.6£0.16 7.0x£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 7.0x£0.07 12.2+0.08 15.4£0. 86 9.7+£0.76 - -
10 8.3x0.10 12.3£0.05 17.0£0.15 5.8+0.07 - -
12 11.4£0.05 8.4+0.07 = = = =
mean+SD. (n=3)
Film No. 2
Storage 5C 10C 25C
weeks CO. 0, CO. 0, CO. 0.
0 2.8%0.01 17.70.08 4.3%0.17 16.3%0.17 1.8+0.25 18.6=0.33
2 2.7x0.08 17.9+0.11 5.5%0.13 15.3+0.18 2.7x0.25 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 13.7%0.28
6 2.7%=0.01 17.8+0.04 5.9%0.07 13.7+0.12 7.1%+0.33 13.8+0.33
8 5.0x0.09 15.1£0.09 - - - -
10 5.8+0.05 13.7£0.07 - - - -
12 - - - - - -

mean+SD. (n=3)

o726 —7, Film No.2Ti%, ERMIMIZ14%12E 7. PAAIE CBEDZE(L

FTOWPICEF 5720 % B, Film No.3(5 CK, 10T TAaANE YBEED S5 CX E25CKR DEAL % Fig. 612

X, 25CIX) &, WHMICHIPPEREH LI E» 5, F L7

ERIIKFME (CEILRSE ©0.04%, W% 21%, & T L7 BB or & ARSI EX & & Rhz, Ritho

F118%) LRED LT T AWK R RS o TIKT L7z 3201
BEO5 CRIEEOTAINVE v R EADLE, BT
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0 2 4 6 8 10 12
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o

12 ¢
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8*$\\$\\*

Ascorbic acid (mg / 100 m¢)
(o)}

- ~ mean* S. D. (n=3)

0 2 4 6 8 10 12
Storage weeks
Fig. 6 Effects of plastic films on the ascorbic acid

content in Shiikuwasha (fresh peel and juice) during
storage at5 C and 25C

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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Prediction of Pericarp Color Changes Based Upon Cumulative Ethylene
Production for Several Tomato Varieties with Different
Ripening Inhibitor Genotypes

NakaMURA Nobutaka*!, THAMMAWONG Manasikan™!, KINBARA Junji*?
Ito Hirotaka*?, Krracawa Mamiko*?, InakumaTakahiro*?, Ito Yasuhiro*!
Kitazawa Hiroaki*!, Ismikawa Yutaka*!, Kasumr Takafumi*® and Sumna Takeo*!®

% 1 National Food Research Institute, NARO, 2—1—12 Kannondai, Tsukuba, Ibaraki 305-8642
* 2 Kagome Co., Ltd., 17 Nishitomiyama, Nasushiobara, Tochigi 329-2762
* 3 College of Bioresource Sciences, Nihon University, 1866 Kameino, Fujisawa, Kanagawa 252—-0880

In order to develop a pericarp color prediction model applicable to different varieties of mature
green tomatoes, the CO. output rate, C.H, production rate, and pericarp color (a* value) of four tomato
varieties (Momotaro, PK331, PK353 and KGMO011) were investigated during the storage of tomato at
25° C. Momotaro and PK331 are normal lines, PK353 is a rin (ripening inhibitor) mutant line, and KGM
011 is an F 1 hybrid line between PK331 and PK353. Time course analysis revealed the significant
effect of the different varieties and individual tomato samples on the monitored parameters. However,
changes in the pericarp color of the different varieties of tomato, except PK353, correlated well with
the cumulative ethylene production. Consequently, a mathematical model for predicting the pericarp
color of each individual sample on the basis of its cumulative ethylene production was developed as a
sigmoid-type function. Calculation results obtained by using the model and by considering all the data
of three varieties —all the varieties other than PK353 —showed a high correlation coefficient (R*=
0.97). Therefore, there appear to be a possibility of developing a method involving the use of the
model with cumulative ethylene production as a variable for predicting changes in the pericarp color
of tomato fruits of all varieties.

(Received Oct. 25, 2010 ; Accepted Jan. 17, 2011)

Key words : tomato, rin mutant gene, ethylene production, pericarp color, prediction model
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Fig. 1 Comparison of the carbon dioxide output rate of
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Momotaro) harvested at the mature green (MG), pink

(P), and red (R) stages and stored at 25T
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Data are given in the form mean*SD. (n=15)
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Fig. 2 Comparison of the ethylene production rate of
tomatoes (cultivars PK 331, PK 353, KGM 011 and
Momotaro) harvested at the mature green (MG), pink
(P), and red (R) stages and stored at 25C
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Data are given in the form mean*SD. (n=75)
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(R) stages and stored at 25C

Data are given in the form mean*SD. (n=75)
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Evaluation of the feasibility of prediction models for the pericarp color (a* value) for four varieties

PK331, PK353, KGMO011 and Momotaro denote the prediction models for the different varieties, and UM denotes a unified
model. a, b, and ¢ are constant parameters of the sigmoid-type function with cumulative ethylene production as a variable (n=

5).
Det inati
a b c ¢ errr.11r.1a fon Standard deviation
coefficient
PK331 83.065 —0.014 —52.922 0. 988 1.914
PK353 88. 887 0.003 —53.249 0.061 1.490
KGMO011 81.213 —0.015 —53.532 0. 960 2.394
Momotaro 82. 683 —0.020 —51.743 0.991 1.746
UM* 84. 360 -0.014 —53. 640 0.973 2.766
UM™: Unified model without PK353
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Fig. 7 Relationship between the actual a* value and the
calculated a* value for four varieties of tomatoes (cultivars
PK331, PK353, KGM011 and Momotaro) harvested at the
mature green stage and stored at 25C

The model used for predicting the pericarp color (a* value) was

a sigmoid - type function based on the cumulative ethylene

production (n=75)
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Properties of Mechanically Defatted Soybean Flour
and Preparation of Soymilk from the Flour
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Nutrient content and the degree of protein denaturation in mechanically defatted soybean meal,
which was the residue from mechanical extraction of soybean oil were estimated, and soybean milk
was made from the defatted flour. @Mechanical defatting of the soybean meal, led to reduction in the
quantity of the soybean meal by almost half and caused a marked decrease in its lipid content.
Protein, carbohydrate, and mineral contents in the mechanically defatted soybean meal were higher by
approximately10~20%than the corresponding contents in a whole soybean meal. Energy value of the
mechanically defatted soybean flour was376kcal/100 g, and this value was lower by20%than that in
the whole soybean meal (477kcal/100 g ). @Solubility testing and differential scanning calorimetry
(DSC) revealed that the proteins in the mechanically defatted soybean meal treated under non-heating
condition had denatured to a lesser degree that those in the meal treated under heating condition and
in a commercial defatted soybean meal (3 Compared to the soybean milk made from the whole
soybean meal, the soybean milk made from the mechanically defatted soybean meal showed lesser
brightness, slightly lower degree Brix, and higher viscosity. @ These results indicate that the
mechanically defatted soybean meal prepared under non-heating condition is suitable for preparing
food materials such as soybean beverages.
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