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1-Methylcyclopropene Treatment of Japanese Pear and Apple
Using a Corrugated Cardboard Box Prepared for MA Packaging

*15  Havama Hiroko*,

SakamMoTo Daisuke* and NAkKAMURA Yuri*

KasHIMURA Yoshiki

*  National Institute of Fruit Tree Science, National Agriculture and Food Research Organization,
2-1, Fujimoto, Tsukuba, Ibaraki 305-8605

The effects of 1-methylcyclopropene (1-MCP) treatment in a plastic-lined corrugated cardboard box
prepared for MA packaging (MA box) on the shelf life of Japanese pears and apples were investigated.
The half periods of 1-MCP concentration in an MA box sealed by using adhesive sealing tape applied
on the center seam of the top and bottom (single-strip closure) or all edges of the flaps (six-strip
closure) were estimated to be 5.23 h and 9.06 h, respectively. ‘Kosui’ and ‘Shinsei’ Japanese pears
and ‘Orin’ apples were exposed to 1-MCP at initial concentrations of 0, land2 - ¢ ' for 24 h in an
MA box sealed by either of two methods, ie., single-strip closure or six-strip closure. The treated
fruits were then stored at 20T in an open MA box for 2 weeks for ‘Kosui’, 3 weeks for ‘Shinsei’ and
6 weeks for ‘Orin’. The qualities of the fruits treated with 1-MCP in a sealed MA box were almost
equivalent to those of the fruits treated with 1-MCP in a gas-tight container for all cultivars after
storage, regardless of 1-MCP concentration and the sealing method used. Storage in an MA box
without 1-MCP treatment was ineffective in improving the shelf life of Japanese pears and apples. 1-
MCP treatment in an MA box is thought to be useful in the direct-to-consumer sales of Japanese
pears and apples.

(Received Nov. 5, 2009 ; Accepted May 6, 2010)

Key words : apple (Malus pumila), Japanese pear (Pyrus pyrifolia), MA packaging, 1-MCP, shelf life
Vg, =k vy, MAGE, 1-.MCP, HEb

1-AFVvyrzara~xry (I-MCP) bz sL v
TERMERITH DY, VI (Malus pumila Mill) 5T
F1ul - 4T O TRV IR R CIUE RS2 1§
%2 LI D IFEHIC B B RRERIL R R O T,
WD ZEL (Zaa 74 VOSR) ZEFICIHT 2
ERISNT VDY, 1-MCPOALBERN F 137 i TR L
RRETLHEOOND Z &5, R B 25 K #E 7%
Vil - BOEEARICB T BRI E LTLAHTH
5o

1-MCPIZHIR - HIEIZBWTEETHY, AHIZL S
R Z 720121, KEEOBNERRHHNICB W

Tk %2 2 CHRBLE L, REOHMMBENIRE
KELLENHHY, VY TTHEILBRE 24512
1312~ 24BF R OMLBASLEE L S NTB VY, KA 2 FH
T 51213 1 0 OB R & 7 2 FFE AR TR EE 72 5
REEMT DU ELD L, L7 T, MMAHMES/NE
BizZe AT~ A %60 5 72 0121%, X 0 i 5 THREIY
BB AT TH Do D MM R R EO MM EL
THHER— VAW TI-MCPZ UL T EE, W8
BICBIAUELREL b, BR—VHIZH W21
MCPALERIZ, SE4E, HARDIGHEN 2 Hobt A R 5%
WO IS T TR IS ) FLA TV B IHBE A ~O B

T305-8605 HKMIELD IXTHHEA 2 -1
Corresponding author, E-mail : kasimura@affrc.go.jp

— N ¥

(BTE) @ BWKES BHAEHMN S#FHR (T100-8950 HEARTAHXEHIE1-2-1)



166 H AR £ PR a5k

VOL.36 NO.4 2010

FNIBWCTHEM L TFHEIC R 0 LM SN D,
L2LEdS, LMCPIZER - VEESIZERT 7
DY, lE O WA BAR — VHIICI-MCPE A L TH AL
HHRIHONLZW, —T, REOEFHHELT, 7
L F =T FGAF YT TANLETIA— M LT AER
ZPHTAHILICEDMATEEME LTHHTE 58
R—VHABSE, HHIhTw5E, TDX) BER—L
FCIZE A L721-MCPAH A BRERFF SN L Z & HIfE
END, ManenorHViE, 7934 T & RITIREBRERY
IF V¥ (LDPE) %74 F—ICHW 7B R — iz F
A L721-MCPRLIRIC X % B3l s % 72, HHE®
BB e LT R ISR IS BT S A IR T &
AHELTW5,

FZTC, AfgeTiE, ARICBIT L EERFED) H1-
MCP® L B %) e A3 8 v = & ¥ F ¥ (Pyrus pyrifolia
Nakai) BL Y ¥y T2 b4z, MABEH L LTk
ENTVLER—=NVEEZ AW 1I-MCPREOERMEICS
WTHRET L7ze 2B, RWZETIL, EEED OHEE
OEZIGCICBITHHHEMELZ. Thbh, KEXR
— VI MAGEEEM L L TR 2561, HPHIRE
ERo7-F TR LEECHEIND D, EERETIX
IR BT B IREERI M2 2 &, HEENEIT S
NEBERR— VR ERHPICHE S0 LEZ NS
T ehn, HEMEIZ2ARME L, FEZ20C Tl L
e OREME RIS B e MG Lz, 72,
mfElE, 1T-MCPALERIC X 0 HHRIZ BT 2 HEEH M50 1
TEZARYFYO FEK OBIV CHE, 250N
YIo CENR L L7,

KB H A

1. EBRMH#H

FEBRIZIE, 20054F 8 H25H 3 L OH4E 8 A29H 12, M
SATEGE N RE - B SRR A W e A FE A
(KBS ) oMGroNEL-=FrF YD
SEK B X OTAE 9 A7 HICFEES A S U L 72 #r
A ORFE, %5 NC2005FE10 31 HICTHERENDY ~
THERR (FHRIEEAN) oBE»r oMLY >
T DRFEERz,

2. MASEREBR—ILFEDI-MCPIRISEED
(1) BR—IFEICHAL 1-MCPORBREZEIL 7
RADMIRFEH & L CHE SN -MATEHBE R -
HT-CAY (HAR M= 28y r—2) (B 460mn %
300mm % 150mm) %, & X0.09mm®»OPP#KE#A T — 7 (H
WET) #HWTHAE Y (Six-strip closure) ¥ 721310
) (Single-strip closure) 12X > TH»A L% (Fig. 1),
SmartFresh™ (B— 24 « 7Y F - N—2Z + I ¥ I3V)
% THAE S 721-MCPE FNERIC B 5 IR E D51, 2
~1.6ul - LB EHICHARK, 20CITBVTH2
i B & 212k % F TN O 225K &2 Hh LY 1-MCP
DR ZEE L7zo 1-MCPOEREZ, ##5 4& LTCP-

Outer flap

//AQ

Adhesive OPP tape
Six-strip closure
(H-seal)

Single-strip closure
(Center-seam closure)

Fig. 1
cardboard box prepared for MA packaging

Method used for sealing the corrugated
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1.8
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1.0
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oo Six-strip closure  °-11z-._
IS o Single-strip closure =0

1-MCP conc. (ul-¢)

0.2

0 2 4 6 8 10 12 14
Time after sealing (h)
Fig.2 Change in 1-methylcyclopropene (1-MCP)
concentration in corrugated cardboard boxes prepared for
MA packaging, which were sealed with adhesive OPP

tape by six-strip closure (@) or single-strip closure
(O) and then left to stand for 12 h at 20C

Table 1
methylcyclopropene (1-MCP) from corrugated cardboard
box prepared for MA packaging at 20C

Effects of sealing method on dissipation of 1-

Half period” (mean=*SE.(n=3)) (h)

9.06=0.43
5.23%0.32

Sealing method”

Six-strip closure
Single-strip closure

% Refer to Fig.l.
¥ Time required for the 1-MCP concentration in the box to
decrease by half.
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Table 2 Effect of 1-methylcyclopropene (1-MCP) treatment using corrugated cardboard box prepared for MA
packaging (MA box) sealed by six-strip closurez on quality of ‘Kosui’ Japanese pears stored for 2 weeks at 20C

Treatment method Flesh
Harvest 6 Bri q Ground
1-MCP : irmness rix )
date Treatment container (- ecs)lr;c (N) colory
25Aug. Before storage 23.26 11.78 5.14 3.3
Untreated® / 17.53a" 12.81b 5.26a 4.4b
Gas-tight container™ 1 25.27c 12.55b 5.20a 3.8ab
MA box" 0 19.53ab 11. 38a 5.41a 4.5b
1 22.20b 12.18ab 5.3ba 3.7a
29Aug. Before storage 24.95 10. 86 5.25 3.0
Untreated / 16.59a 12.90b 4.98a 4.4bc
Gas-tight container 1 22.11b 12.97b 4.97a 3.8ab
MA box 0 18.15a 12.12a 5.16b 4.5¢
1 21.53b 12.49ab 4.99a 3.3a

Refer to Fig.l.

The ground color of the calyx end was rated using a scale from1 (green) to 6 (yellow).

Fruits were stored in a plastic container.

Fruits were stored in a plastic container following treatment with 1-MCP in a gas-tight container for 16h at 20TC.

Fruits were stored in an open MA box following treatment with or without 1-MCP in a sealed MA box for 24h at 20C.

At each harvest date, numbers followed by the same letter within a column are not significantly different at P <0.05 by
Tukey-Kramer test (n=12).

s < 2 ® <9 N

Table 3  Effect of 1-methylcyclopropene (1-MCP) treatment using corrugated cardboard box prepared for MA
packaging (MA box) on quality of ‘Shinsei’ Japanese pears stored for 3 weeks at 20C

Treatment method Flesh
) 1-MCP conc. firmness Brix pH
Treatment container (ut - ¢ (N)

Before storage 21.35 11.91 4.88
Untreated” / 20. 552" 11.96a 4.98ab

Gas-tight container” 1 25.58¢ 11.96a 4. 86a

MA box sealed by six-strip closure® 0 23.58bc 11.56a 5.17¢
1 24. 24bc 11.82a 4.93ab

MA box sealed by single-strip closure® 0 22.15ab 11.58a 4.99b
1 23.58bc 11.56a 4.94ab
2 23. 31abc 12.14a 4.97ab

N

Fruits were stored in a plastic container.

Fruits were stored in a plastic container following treatment with 1-MCP in a gas-tight container for 16h at 20TC.

Fruits were stored in an open MA box following treatment with or without 1-MCP in a sealed MA box for 24h at 20T.
Refer to Fig.1 about the sealing method.

Numbers followed by the same letter within a column are not significantly different at P <0.05 by Tukey-Kramer test (n=
12).
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Table 4
packaging (MA box) on quality of ‘Orin’ apples

Effect of 1-methylcyclopropene (1-MCP) treatment using corrugated cardboard box prepared for MA

Storage Treatment method Flesh T1tr'at.able
duration 1-MCP conc.  firmness Brix ac1d1ty71 Skin color?
at 20C Treatment container - £ ) (g- ?OOmﬁ. as
malic acid)
Before storage 71.00 13.81 0.50 3.4
3 weeks Untreated” / 47.73a" 14.87a 0.41a 5.7bc
Gas-tight container® 1 70.84b 14. 36a 0.55b 3.3a
MA box sealed by six-strip closure™ 0 47.63a 14.18a 0.43a 5.2b
1 74.17b 14. 38a 0.55b 3.3a
MA box sealed by single-strip closure™ 0 44.43a 13.88a 0.43a 6.1c
1 72.15b 13.43a 0.61c 3.5a
2 72.25b 14. 60a 0. 56bc 3.2a
6 weeks Untreated / 44. 46b 14. 96bc 0.32a 7.0b
Gas-tight container 1 70. 24c 15. 40c 0.41bc 4.3a
MA box sealed by six-strip closure 0 41.13a 14. 40ab 0.37ab 6.4b
1 72.41cd 14.73ab 0.44c 4.7a
MA box sealed by single-strip closure 0 41.63b 14.13a 0.33a 7.0b
1 72.28cd 15. 08bc 0.45c¢ 4.5a
2 73.71d 14. 88bc 0.47c 4.8a
8 weeks Untreated / 42.30a 14. 35bc 0.31a 7.0b
Gas-tight container 1 74.22¢ 14.70c 0.41bc 5.5a
MA box sealed by six-strip closure 0 39.22a 13.97ab 0.3la 7.0b
1 67.93b 14.57bc 0. 38b 6.2a
MA box sealed by single-strip closure 0 42.00a 13.60a 0.29a 7.0b
1 66. 84b 14. 61bc 0.41bc 6. 3ab
2 68.56b 14. 35bc 0. 44c 5.9a
# Skin color was rated using a scale from 1 (green) to7 (yellow).
¥ Fruits were stored in a plastic container.
X Fruits were stored in a plastic container following treatment with 1-MCP in a gas-tight container for 24h at 20TC.
W

Refer to Fig.1 about the sealing method.

Tukey-Kramer test (n=12).
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Fruits were stored in an open MA box following treatment with or without 1-MCP in a sealed MA box for 24h at 207C.

For each storage duration, numbers followed by the same letter within a column are not significantly different at P <<0.05 by
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Establishment of Solid Culture Method for Coix Lacryma-jobi
with Monascus pilosus

OkaDpA Sachiko*!, Tapa Mikio*?, Kono Isato*?® and Mivake Tsuyoshi*?

* 1 Hanshoya Co. Ltd., 23, Fushimi-cho, Tsuyama, Okayama 708—0032
% 2 Faculty of Livelihood, Chugoku Gakuen University, 83, Niwase, Kita-ku Okayama, Okayama 701-0197
% 3 Industrial Technology Center of Okayama Prefecture, 5301, Haga, Kita-ku Okayama, Okayama 701-1296

Coix lacryma-jobi var. ma-yuen contains functionally important nutritional constituents. Monascus pilosus
is a microorganism used for the preparation of koji, and it also contains biologically active components.
Therefore, production of koji with Monascus pilosus contributed to the development of foods of high
nutritional value. However, there has been no detailed study on solid fermentation of Coix lacryma-jobi
var. ma-yuen with Monascus pilosus. In the present study, we performed solid fermentation and traced

the time-dependent production of functional

constituents during the fermentation process.

The

production of free amino acid, y-aminobutyric acid (GABA), anti-oxidant activity, and ODsw value was
found to increase with the growth of Monascus pilosus.

(Received Dec. 21, 2009 ; Accepted May 26, 2010)

Key words . Coix Lacryma-jobi, solid culture, GABA, TAS activity, Monascus pilosus
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Fig. 2 Changes in glucosamine content, optical
density at 500 nm, y-amino butyric acid content, and

Hatomugi was soaked in water for 10 h and then dehydrated. After total antioxidant status (TAS) during solid culture

autoclaving, the Hatomugi was mixed with mature beni-koji (10% of the of Hatomugi beni-koji

total weight of Hatomugi) prepared with Monascus pilosus IFO 4520, and

this mixture was incubated at 34 = 2C for 21 days.

Fig.1 Hatomugi beni-koji on the 21% cultivation day

The mycelial weight during solid culture of Hatomugibeni-
koji was estimated from the glucosamine content (@). The
ODswvalue (A), GABA content (@), and TAS (H) in
Hatomugi beni-koji during solid culture were estimated as
described in the text.

WO mBOEENIIRE D, HEISHTE -2 2H2R, 3. NMAFHHOEKEZEEICH T 57 I/ BER,
ZORIIEMETIZIE-EL LD LVDhol. ZO GABAE EDH#T

LD ORI QRN THRE SN MFEEFEONHEY FAEE AR IC BT 2 HEHET I/ BROHER % Table 1 1R
A, TORBDOEFTIAEE I N TS LA S, L7z $7:GABAEZ ®mDOHEM & Fig. 218 L 720 K2l

Table 1 Changes in amino acid content in Hatomugi beni-koji during solid culture
(ug/ g dry weight)

Amino acids Hatomugi Hatomugi beni-koji Hatomugi beni-koji Beni-koji
(Raw material) (7% cultivation day)  (21% cultivation day) (1G-WLK5)

Asp. 6.3 114.4 2612.9 107.4
Thr. 5.6 608. 3 606.5 150.5
Ser. 11.0 216.2 991.4 135.8
Glu. 19.7 573.4 1592.5 207.4
Gly. 6.0 132.4 1481.7 88.4
Ala. 12.9 482.5 7247.3 989. 2
Cys. 3.3 56.3 261.3 96.8
Val. 6.2 195.2 2763.4 0

Met. 2.7 191.9 650.5 163.1
Tleu. 3.3 140. 3 2109.7 76.8
Leu 3.6 338.8 4987.1 171.6
Tyr. 1.0 189.2 1379.1 120.0
Phe. 6.7 484.2 838.7 115.8
GABA 2.9 83.7 2531.2 392.6
Lys. 5.6 269.0 1340.9 337.9
His. 12.1 514.3 650.5 156.8
Arg. 4.0 155.1 90.3 588.4
Pro. 15.4 467.7 2086. 0 88.4

Hatomugi material was mixed with mature beni-koji (1 G-WL-K 5 Gunze Ltd, 10% of the total weight of Hatomugi) prepared with
Monascus pilosus, and this mixture was incubated at 34+2C for 21 days. The amino acid content in Hatomugi beni-koji was
measured as follows : 5 grams of the sample was soaked in 50ml of 60% ethanol solution for 3 days and the filtrate (¢0.20xm)
was analyzed using a JLC-500/V amino acid analyzer.
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Effect of Pectin Contents and Polygalacturonase Activity
on Cooked Rice Texture

Tsujr Yoshimasa*'®, Uwava Motoko*?, Ucumno Masataka*? and Takano Katsumi*?

* 1 Alpha Foods Co., Ltd., Kitaaraki 645, Taisya-cho, Izumo-shi, Shimane 699—-0722
% 2 Faculty of Applied Bioscience, Tokyo University of Agriculture, Sakuragaoka 1—1-1, Setagaya-ku, Tokyo 156—8502

The effect of the pectin decomposition in cooking rice was investigated. Samples were nine types of
non-glutinous japonica and indica, we measured pectin content of the milled rice, as well as cooked
rice and the polygalacturonase (PG) activity. Pectin content was 291~133 mg/kg (dry weight) in the
milled rice and 179~89 mg/kg (dry weight) in the cooked rice. The short-grain japonica rice of non-
glutinous type had more pectin than indica one. The pectin decreased by 40.7~33.3 % in cooking
rice. PG activities of the samples were 35~23 U/g (fresh weight). The extent of decomposition of
pectin was correlated to the values of hardness of cooked rice (r= —0.800, p<0.05) and the PG

activities of milled rice (r=0.677, p<0.05).

(Received Mar. 24, 2010 ; Accepted Jun. 28, 2010)
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Rice (Oryza sativa) is the staple diet of people in
the East and Southeast Asia. The amount of rice
produced worldwide is over 600 million tons per
year. However, the tastes of cooked rice differs
according to cultivars. For example, Koshihikari has
softness and adhesiveness, and is Japanese people’s
favorite. The palatability of cooked rice is commonly
based on its physical texture and chemical
components”?. In particular, the hardness of cooked
rice is an important physical characteristic and the
Shibuya

reported that cooked rice is softened to decompose

evaluation of food quality evaluation.
of the endogenous cell wall’. Therefore, the state of
the cell

determining its taste.

wall of cooked rice is important in

During the softening of fruit and vegetable,
pectins and  hemicelluloses typically  undergo
decomposition and  solubilization, which  are

considered to contribute to the loosening and
disintegration of the cell walls”.

Modifications in the polymers of the cell walls are
complicated and considered to involve the co-
ordinated and interdependent actions of a range of
enzymes for cell wall metabolism, such as
polygalacturonase [PG] (E.C. 3.2.1.15), pectinesterase

[PE] (E.C.3.1.1.11), B-galactosidase (E. C.3.2.1.

23), a-L-arabinofuranosidase (E.C.3.2.1.55), endo-
(1,4) B-glucanase (E.C.3.2.1.4), xyloglucan
endotransglycosylase (E.C.2.4.1.207) and expansin®.

PG, an important pectolytic glycanase, is a primary
enzyme playing a significant role in pectin dissolution in
vivo. The role of PG in fruit ripening has been
studied most extensively in tomatoes”. In addition,
this
avocados”, bananas”, peaches”, pears”, rice shoots”,

characteristics of PG have been reported
strawberries'”, tomatoes” and mangoes”. We reported
that two isoforms of PG were purified from the
endosperm of milled rice. It was surmised that they
decompose the pectin during rice cooking and affect
the texture of cooked rice'.

The extent of decomposition of pectin is the most
important factor in the softening of fruits and
vegetables and it has been reported apples” and

1018 is eaten as a mass of

peaches Since rice
cooked grain, the hardness of rice is determined not
only by the softness of the cell walls but also by
the bond between them. Therefore, the decomposition
of pectin during cooking may be related to the
texture of cooked rice. We reported the decomposition
of pectin, hemicellulose, and cellulose, components of
the cell walls, in cooking. In this study, we measured

the texture of cooked rice, the pectin decomposition

§ Corresponding author, E-mail : tsujii-y@alpha-come.co.jp
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during cooking, polygalacturonase activities, and

reported the relationships among them.
Materials and Methods

1. Rice samples and preparation

The shrot-grain japonica rice of non-glutinous type
(Koshihikari, Akitakomachi, Hitomebore, Sasanishiki
and Chinese 294 (C294)), the medium-grain japonica
rice of non-glutinous type (M202 and Calrose)and the
long-grain indica rice of non-glutinous type (L 205
and Thailand White Rice (TWR)) were used. Sample
preparation was as follows: harvested in 2004, the
samples were stored at low temperature (4C) before
the test. They were milled with a mixer type rice
milling machine (MR-D 500 TWINBIRD Co., Tsubame),
to an extent of 10% (degree of polish) or 90% milling
yield.

These samples were supplied directly from Kitoku
Shinryo Co., Ltd. (Rice wholesaler, Tokyo). This
study has selected the rice commonly consumed
and eaten on a daily in Japan ( Koshihikari,
Akitakomachi, Hitomebore and Sasanishiki), USA
(M 202 and L 205), China (Chinese 294) and
Thailand (Thailand White Rice).

2. Texture of cooked rice

The milled rice samples (10 g) were put into an
aluminum cup (40mmx42mm®). As cooking conditions,
the rice was soaked in 16 g of pure water at room
temperature (25C) for 1 hr and heated with an
electric rice cooker (SR-3100, National Co., Tokyo)
under ordinary cooking. The cooked rice samples
were kept in the vessel for about 2 h at room
temperature (25C) and used for measurements. The
hardness and stickiness of cooked milled rice were
measured with a Creep meter (RE 2-33005 II,
YAMADEN Co., Tokyo ) . The
measurement were as follows :

conditions for
using a circular
plunger (product made of stainless steel 40mmd®),
with the speed of 0.5mm/sec, and with compression
of high 17 mm. The
measurement was conducted 10 times (20 cups), and

carried out a clearance
the result was expressed as an average.
3. Measurement of Mido score

The Mido score was measured with the Toyo
Mido meter MA-90 B (Toyo Seimaiki Seisakusho
Co., Wakayama)® ™.
packed into a cartridge, soaked into hot water for

The 33 g of milled rice was
12 min, and then the surface shininess of the
cooked rice was measured with the commercial
protocol.

4 . Extraction of pectin

Milled rice and cooked rice were homogenized in
two volumes of 0.5% ammonium oxalate. After
continuous shaking for 1 hr, the precipitate was
removed by centrifugation at 18,000 X g for 30 min.
Precipitation was carried out twice. The supernatant
was collected. Alpha - amylase (1,0000 U, Sigma-
Aldrich Co.) was added to the supernatant and
incubated at 37C for 12 hr. This was added to 4
volumes of 99.5% ethanol and the resulting mixture
was centrifuged at 18,000 X g for 30 min. The
and added to 80%
ethanol, and then the mixture was centrifuged at

precipitation was collected,
18,000 X g for 30 min and this step was repeated
6 times. This fraction was a part of that of the
pectin fraction. Pectin content was measured by the
m-hydroxydiphenyl method”. Pectin decomposition
was calculated from the pectin content of the raw
rice and cooked rice.
5. Extraction of crude enzyme

The milled rice was added to water in the ratio
of 1 :1.8 and left it at the room temperature for
1 hr. This mixture was homogenized (15,000 rpm,
3 min) ; (NS-51 K, MICROTEC Co., Chiba) and was
swuing with a resipro shaker for 1 hr. Then the
insoluble precipitate was removed by centrifugation
at 18,000 X g for 30 min.
withdrawn and ammonium sulfate was added up to
90% saturation. The precipitate withdrawn by
centrifugation at 18,000 X g for 30 min was
resuspended in 0.02 M phosphate buffer (pH 7 ) and
dialyzed with the same buffer. The dialyzed sample

The supernatant was

was centrifuged at 18,000% g for 30 min to remove
the precipitant. All the process was carried out at
4C.
6. Enzyme assay

PG activity was assayed by measuring the amount of
released reducing sugars. A standard assay was
carried out by incubating 0.1m¢ of enzyme solution
with 0.25mé of 0.5% pectic acid as a substrate and
0.15m¢ of 0.2 M Mcllvaine buffer, pH 4.5 at 50T
After
acids were measured as residual sugar by the

method of Somogyi - Nelson**’

for 60 min. incubation, decomposed pectic
using a galacturonic
acid as a standard. One unit of enzyme activity was
defined as the extrication of 1 uM of reducing
sugars formed per minute under a standard assay
condition.

7 . Statistical analysis

Analysis of variance was conducted using Statcel
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(OMS publishing Inc.). Data were subjected to the
the
Protected Least Significant Difference to compare

analysis of variance followed by Fisher's
means at p<0.05. Pearson’s correlation coefficient

was calculated™.
Results

1. Texture of cooked rice, Mido score, and the
extent of decomposition of pectin during the rice
cooking
Texture of cooked rice indicated a different

values (Table 1). The values of hardness ranged

from 2.10 X 10°Nmi for Koshihikari to 4.98 X 10°N mi

for TWR, and the values of adhesiveness ranged

from 0.8 X 10°Jmi for TWR to 24.0 X 10°Jd for

Koshihikari(p<<0.05). The values of hardness of long

grains were higher than those values of short ones.
The Mido scores (the quality of cooked rice) of the

samples were measured with the MIdo meter. Mido
scores ranged from 70.4 for Koshihikari to 33.5 for

TWR (Table 1). Mido scores were clearly different

among short, medium and long grains. The milled
rice had pectin contents ranging from 133mg/kg (dry
weight) for TWR to 291mg/kg for Sasanishiki (Table
1). On the basis of these results, it was found that
short grains had more pectin than long ones. The
medium grains had a pectin content between those
had a
higher pectin content than the other short grains (p
<0.05). The cooked rice had pectin contents
ranging from 89mg/kg (dry weight) for TWR to 179
mg/kg for Sasanishiki. As for cooked rice, pectin

of the short and long grains, Sasanishiki

contents were higher in short grains than long
grains. Pectin contents of cooked rice were less
than those of milled one. Pectin contents decreased
by about 33.0% for TWR to 40.7% for Koshihikari
The extent of
decomposition of pectin for short grains was higher
than that for long grains (p<<0.05).

2. Polygalacturonase Activity

during rice cooking, respectively.

Polygalacturonase activity was 23~ 35 units/ g
(milled rice) for all the samples (Fig.1). Koshihikari of

Table 1 Textures of cooked rice, Mido scores, and the extents of pectin decomposition during the rice cooking

. Hardness Adhesiveness Pectin (mg/lkg dry weight) Pectin Mido
Grain type Sample (X10°'N/nd) (x10°7/nd) Milled rice Cooked rice decmposition (%) SCORE
Koshihikari 2.10** 24.0° 243* 144* 40.7* 70.4
Akitakomachi 2.40° 20.9° 245" 149® 39. 2% 70.3

Short Hitomebore 3.31¢ 17. 3¢ 209¢ 125¢ 40. 1 69.4
Sasanishiki 3.67¢ 16. 4 291¢ 179¢ 38.2™ 69.4

C 294 4. 28" 10.0¢ 189¢ 114¢ 39. 2 56.1

Medium M 202 4.01" 14. 1 206 127¢ 38.5™ 64.9

,,,,,,,,,,,,,,,,,,,,,,,, Calrose ~ 4.50*  10.3  8&* o1& 317 53.8

Lon L 205 4.59" 1.0 159" 106" 33.4% 34.1

g TWR 4. 98 0.8" 133 89 33.3% 33.5

The Mido score is measured with Mido-meter.

*means for values followed by the same letter are not significantly different (p<<0.05).

40

e

b
301 | rh

1 4o

_I_e

(x107* U/g)

10

_Fg

0 1 1 1 1

Koshi Akitako Hitome Sasa
hikari machi bore nishiki

C294 M202 Calrose L205 TWR

*Means in the columns with the same letter are not significantly different (p<0.05).

Fig. 1

Polygalacturonase activites of different varieties milled rice
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Table 2 Correlations between rice properties

1 2 3 4

1 Polygalacturonase activity 1. 000

2 Pectin decomposition 0.677* 1.000

3 Hardness -0.908** —0.800* 1. 000

4 Adhesiveness 0.798* 0.900** -0.925%* 1.000

*, ** [ significant at p<0.05 and 0.01, respectively.

short grains had the highest polygalacturonase polygalacturonase (PG), a primary enzyme playing
activity and other short grains had higher a significant role in pectin dissolution. In our results,

plygalactuoronase activities than medium and long
grains (p<0.05).
3. Correlation

Correlation coefficients between the texture of
cooked rice, the extent of decomposition of pectin
during rice cooking and polygalacturonase activity
are summarized in Table 2. The values of hardness
values of cooked rice significantly correlated to the
extent of decomposition of pectin (r= —0.800, p<
0.05). By increasing the extent of decomposition of
the soft.
Polygalacturonase activity significantly correlated to

pectin, rice  became increasingly
the extent of decomposition of pectin (r=0.677, p<
0.05), the values of adhesiveness (r=0.798, p<
0.05) and those of hardness values (r= —10.908, p<
0.01) of cooked rice.

proposal that endospermous polygalacturonase can

This result supported the

be used to estimate the texture of cooked rice.
Discussion

The cell walls of plants consist of rigid and
inextensible cellulose microfils held together by a
coextensive network of hemicellulose, pectin, and
The in the
/ hemicellulose network are filled with

glycoproteins™* .

structural spaces
cellulose
highly hydrated pectin which also form a network,
held bonds

molecules and by ionic calcium cross links between

together by ester between pectin
de-methyl-esterified homogalacturonans”. The cellulose

/ hemicellulose and pectin networks may be
constituent by covalent links between pectin and
the

Thus, pectin acts as an intercellular

xyloglucan which are major hemicellulosic
component® .
cement to give firmness to tissues™.

In our results, the extent of decomposition of
pectin significantly correlated to the wvalues of
hardness of cooked rice (r= —10.800, p<0.05). In
both bananas and plantains, the extent of decomposition
of pectin rose sharply in the first 10 min of cooking

to 28% and 30%,

31)

respectively”™ . One factor is

PG activity significantly correlated to the values of
hardness of cooked rice (r= —0.908, p<0.01) and the
extent of decomposition of pectin (r=0.677, p<
0.05). Moreover, PG activity significantly correlated
to the the values of adhesiveness of cooked rice (r
=0.798, p<0.05). Probably, the decomposition of
pectin is considered to have an influence on
promoting the outflow of starch as the cell walls
Also different

behaviors were observed when the cultivars of pear,

break down. in pears, softening

such as La France, Yali and Nijisseiki, ripened
Endo-PG activity was high in La France, low in
Yali, the
expressions of PG genes were different among
them®.

Rice consists of plant tissues containing various
kinds

(amylose, amylopectin, etc.), water, proteins (contents,

Nijisseiki and undetectable in and

of chemical components such as starch
enzymes, etc.), lipids, the components of cell wall
components, minerals, physiologically active substances,
pigments, fragrances, etc”. Therefore, the hardness
and adhesiveness of cooked rice are related to the
physical structure and contents of components
constituting a rice grain. From our results, it was
found that the hardness and adhesiveness of cooked
rice differ according to grain types, namely, short,
medium and long grains. As for long grains, there
was negligible adhesiveness”. The texture of cooked
rice was related to the important factors such as
contents of amylose and protein”’. However, it is
difficult to compare of new rice and old one on the
basis of chemical components. Sensory tests in
breeding programs to evaluate cooked rice are also
important though such testing takes much time and
work?. On the contrary, a rice eating quality
evaluation system like the Mido-meter, which can
estimate the taste of cooked rice, is simple and
useful®”. Although measurement systems have been
improved, and so rice eating quality evaluation

systems have a margin of error which differs from
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maker to maker and it cannot be said that these
systems are satisfactory® ™. We suggest that PG
activities constitute a benchmark of the rice quality
because of the physical effect of PG on cooked rice.

Conclusion

In this study, it was found that polygalacturonase
(PG) activity affects the extent of decomposition of
pectin and that it possibly influences the hardness
and adhesiveness of cooked rice (grains). Since PG
activities vary with the rice cultivars, it is
considered that the texture of cooked rice has the
That is, it is thought that
polygalacturonase activity is one of the factors
which

benchmark of high—palatability rice.

same tendency.

affects the tastes of cooked rice and a

We are thankful to the Kitoku-
Shinryo Co, 1td. for supplying us with rice grain.
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Quality Management of Fresh Fruit and Vegetables
at a Supermarket Chain in Japan

AXINAGA Takayoshi* and KAWASAKT Seishi*

*  University of the Ryukyus, I Senbaru, Nishihara, Okinawa 903-0213

Without the cooperation of the supermarket, it is very difficult to continuously measure the storage
temperature within the display cases of fresh fruit and vegetables or the on-site temperature
distribution of the supermarket. We conducted this research in cooperation with a major supermarket
in the Okinawa Islands. The temperature and humidity during transportation from the central depot
to some stores, and storage temperature of refrigerated display cases for fruits and vegetables were
measured in order to investigate the quality management of fresh fruit and vegetables during daily
delivery and sales operations inb6stores in the Okinawa prefecture. Temperature and humidity were
measured by recording thermometers everylOseconds during delivery and in the refrigerated display
cases. The surface temperature of the fruit was indirectly measured by an infrared thermometer.
Delivery from the distribution center to the store was mainly done using a van- type truck without
temperature control. Insulated roll box pallets and gel ices were used for the delivery of the fresh
fruit and vegetables, so that they could be transported in conjunction with foods that required no
refrigeration, hence reducing transportation costs. The cold storage temperature at the supermarket
was 9C on average, so fruit and vegetables could be kept in the store for a few days and not in
refrigerated display cases or cold storage. However, if kept at this temperature for an extended period,
chilling injury symptoms will occur on tropical and subtropical fruits in the display cases or during

removal from storage.

(Received Feb. 22, 2010 ; Accepted Jun. 2, 2010)

Key words . quality management, fruit and vegetables, supermarket, temperature, gel ice
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