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Varietal Difference of Chilling Sensitivity for
Fresh Pineapple (Ananas comosus (L.) Merr)

TerUYA Ryo*'®, Hirose Naoto*', SHopA Moriyuki*?
SAKIYAMA Sumisu™?, TAkreucHl Masato™ and OosHIRO Yoshikazu™!

% 1 Okinawa Prefectural Agricultural Research Center, Regional Agriculture System Section,
820, Makabe, Itoman—city, Okinawa 901-0336
% 2 Okinawa Prefectural Agricultural Research Center, Nago Branch, 4605-3, Nago, Nago—city, Okinawa 905-0012
* 3 Okinawa Prefectural Agricultural Research Center, Ishigaki Branch,
1178—-6, Hiraechisokobaru, Ishigaki—city, Okinawa 905-0012

We conducted a cold storage test on Okinawan-grown fresh pineapples-‘Summer gold,”‘Soft touch,’
‘Bogor,” and ‘N67—10"—, to examine varietal differences in internal browning among these varieties
and the causes of these differences. Internal browning occurred in ‘Summer gold,”‘Soft touch,” and
‘Bogor.” It was particularly notable in ‘Summer gold,’ progressing at a storage temperature of 5 C, and
evenl5C. During the storage of ‘Summer gold,’ its polyphenol oxidase activity (PPO)increased, whereas
its ascorbic acid content decreased. These results made it clear that the internal browning in
‘Summer gold” is one of the symptoms of chilling injury. There was no relationship between
polyphenol content and the chilling injury in the fruits during their storage.

(Received Dec. 15, 2010 ; Accepted Apr. 14, 2011)
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Table 1 Initial parameter values for ‘Summer gold’, ‘Soft touch’, ‘Bogor’ and ‘N67 —10° pineapple varieties
Variety Weight (g) Total acidity (%) Brix (%)
Summer gold 1,270+ 305 0.68=x0.20 16.6x1.2
Soft touch 943 =144 0.88x0.15 14.4+2.0
Bogor 858 £147 0.69+0.17 17.1£0.8
N67—10 1,574+ 255 0.81+0.16 11.8%+0.6

Data are the means of 12 fruits=S.D.
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Fig. 1 Changes in the score on sensory evaluation of internal browning symptoms of ‘Summer gold,
‘Soft touch,*Bogor’ and ‘N67 —10° pineapple varieties during storage
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Fig. 2 Different types of internal browning symptoms in

‘Summer gold’ pineapple
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Mild Oxidative Stress on the PC12 Cell Line: A Simple
Model of Chronic Neural Tissue Oxidative Damage

*18§ 2

Sato Hiroaki*'®, Macoon Joanne*

, Takano Katsumi*’and Konisur Yasuo**

% 1  Department of Food and Cosmetic Science, Faculty of Bioindustry, Tokyo University of Agriculture,
196 Yasaka, Abashirishi, Hokkaido 099-2493, Japan
% 2 Biotechnology Research Institute, National Research Council Canada,
6100 Royalmount Avenue, Montr&eacute ; al, Qué&eacute ; bec, Canada H4P 2R2
* 3 Department of Applied Biology and Chemistry, Faculty of Applied Bioscience, Tokyo University of Agriculture,
1-1-1 Sakuragaoka, Setagaya—ku, Tokyo 156—-8502, Japan

Here we constructed a mild oxidative system using the PC 12 cell line for ex vivo screening of
antioxidants that are effective in reducing chronic oxidative damage in neural tissues. Nerve growth
factor-induced differentiated PC 12 cells were exposed to various concentrations of hydrogen peroxide
(H.0,) for six days. For three days after treatment initiation, the survival rate of cells exposed to less
than 50 uM H:0. was similar to that of untreated cells, whereas H.O. concentrations higher than 50
UM exhibited a significant lethal effect. However, six days after treatment initiation, the survival rate
of cells exposed to 50 uM HO. decreased significantly. This condition may thus mimic natural chronic
oxidative damage of neural tissues. A well-known antioxidant, N-acetyl-L-cysteine, was added either
before, during, or after H.O. exposure to rescue cells from oxidative damage. N-acetyl-L-cysteine
addition before and during oxidant treatment significantly rescued cells from damage, while addition
after H,Ostreatment exhibited only a weak rescue effect. This simple method may be applied to screen
for natural and artificial antioxidants with further modifications.

(Received Nov. 15, 2010 ; Accepted Feb. 21, 2011)

Key words : Oxidative stress, Hydrogen peroxide, PCI12 cell, Screening, Neural cell
AL A N VA, @ERALKER, PCI2MIIE, A7V —=7, fhikina

Oxidative stress results from disturbances
between reactive oxygen species (ROS) production in
cells and the biological systems involved in ROS
detoxification or repair of ROS-induced damage’.
ROS are

reactions and cellular functions, in which the steady

formed during various biochemical

state of ROS is normally balanced by intracellular

antioxidants such as superoxide dismutase and
glutathione peroxidase. However, environmental,
physical, and chemical stresses can induce

deficiencies in these intracellular antioxidants. ROS
can react with cellular molecules resulting in lipid
peroxidation and DNA damage, which can interfere
with cellular functions and induce apoptosis and
necrosis in different cell types”. Hence, oxidative
stress is associated with many diseases in various
tissues, including the brain with Alzheimer’s and

3),4)

Parkinson’s disease”", as well as liver and heart

disease.

In addition to endogenous antioxidants, some
dietary nutrients and compounds such as vitamin
C”, selenium”, and bioflavonoids”, also act as
scavengers of excess ROS. Thus, regular antioxidant
intake could limit or prevent the harmful effects
caused by ROS"®". Different in vitro, ex vivo, and in
vivo test systems are available to evaluate the
natural or artificial

antioxidant  capacity  of

substances' . Substances were first assessed with
simple in vitro test systems, and then the results
confirmed with ex vivo and in vivo test systems. In
particular, an ex vivo test system using cultured
cells would be a useful intermediate screening test
that avoids unnecessary animal experiments. To
examine the antioxidant effect of given substances
with ex vivo systems, excess amounts of oxidant are
often administrated to a cell model to achieve rapid
results. amounts of the

However, the excess

oxidants used for such ex vivo tests would be too

§ Corresponding author, E-mail : hsato@bioindustry.nodai.ac.jp
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harsh to permit cell cultures to mimic natural
which
compound’s antioxidant ability in the context of
Additionally, cells and
tissues exhibit different responses to acute and

oxidative  stress, could overshadow a

chronic oxidative stress.

W19 Hence, we

chronic exposure to oxidative stress
are interested in developing a rapid ex vivo method
that allows the screening of natural and artificial
antioxidants that would be effective against chronic
oxidant stress. In order to mimic natural chronic
stress conditions as closely as possible, in this study
we used hydrogen peroxide (H,O.) to create mild
oxidative conditions in the rat pheochromocytoma
(PC12) cell line, which is a well-established model for

studying many aspects of neuronal cell biology.
Materials and Methods

1. Reagents

RPMI-1640 MEDIUM, L-glutamine (X 100), horse
serum, and fetal bovine serum (FBS) were purchased
from HyClone (South Logan, UT, USA). Antibiotic-
( x 100 ; Penicillin G,
Streptomycin, Amphotericin B) was purchased from
Wisent (Saint-Jean-Baptiste, QC, Canada). Nerve
growth factor (NGF ; 2.5 S), n-acetyl-1-cysteine
(NALC) and 3- (4, 5-dimethylthiazol-2-y) -2, 5-
diphenyltetrazolium (MTT) were purchased from
Sigma-Aldrich (St. Louis, MO, USA).
2. Cell cultures

PC12 cells (ATCC: CRL-1721) were grown and
maintained in medium 1 (RPMI-1640 supplemented
with 10% horse serum, 5% FBS, 2 mM L-
100 mU/mé Penicillin G, 100 pg/mé
Streptomycin and 250 ng/mé Amphotericin B) on rat
-tail collagen-coated plates (BD, Franklin Lakes, NJ,
USA) . Cell
performed in a humidified environment of 5% CO:

Antimycotic  Solution

glutamine,

cultivation and maintenance was
and 95% air at 37° C throughout all experiments.
3. NGF-induced differentiation of PC12 cells

The dispersed PC12 cells were seeded on collagen
-coated 96 well Costar tissue culture plates (BD) at
a cell density of 2 x10' cells/well. After a 1 -day
incubation, the cell culture medium was replaced
with medium 2 (RPMI-1640 supplemented with 1.0%
horse serum and 0.5% FBS, 2 mM L-glutamine, 10
mU/mé Penicillin G, 10 pg/mé Streptomycin, 25 ng/
m¢ Amphotericin B) containing 50 ng/mé NGF, and
then incubated for 6 days. The
renewed on day 3 after the beginning of the

medium was

treatment. Thereafter, the cells were used as NGF-

induced cells.

4. H:O:-induced cell death
To examine cell viability

oxidant, PC12 cells were exposed to medium

containing H,O. The medium of NGF-induced PC 12

cell cultures was replaced with medium 2 containing

in the presence of

various concentrations of H,O. ranging from 0 to
200 uM. Then the cells were incubated at 37°C for
1, 2, 3, or 6 days. The medium in the culture was
renewed daily throughout the
viability after H.O,
MTT assay.
5. NALC rescue of cells from H:O.-induced cell
death
To examine the effect of the timing of NALC
addition on H.O.-induced cell death, NALC was
added to cells as follows:
(1) Administration before H,0;
Differentiated PC12 cells were exposed for 1 day at

cultivation. Cell
exposure was measured by

treatment

37C to medium 2 containing several concentrations
of NALC ranging from 0 to 100 uM. The -culture
medium was then replaced by medium 2 containing
50 uM H:0. and each concentration of NALC. The
cells were further incubated at 37C for 6 days. The
medium in the culture was renewed daily
throughout the incubation.

(2) Administration during H,0;

Differentiated PC12 cells were exposed to medium 2

treatment

containing 50 uM H:O. and several concentrations of
NALC ranging from 0 to 100 uM at 37C for 6
days. The
throughout the incubation.

(3) Administration after H,0,
Differentiated PC12 cells incubated with
medium 2 containing 50 uM H:O, at 37C for 1 day.
Then the culture medium was replaced by medium

culture medium was renewed daily

treatment
were

2 containing 50 uM H.O. and several concentrations
of NALC ranging from 0 to 100 uM. The cells were
further incubated at 37C for 6 days. The medium
in the culture was renewed daily throughout the
incubation.
6. MTT assay

Cell wviability was MTT
colorimetric assay'. Cells were incubated for 3 h at
37C with 50¢¢ 2mg/m¢ MTT solution (dissolved in

medium 1) .

determined by the

During the incubation, metabolically
active cells reduced the dye to purple formazan.
Finally, the medium containing MTT was removed.
The formazan crystals were dissolved with 100

dimethyl sulfoxide and the absorbance measured at
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Results and discussion

1. H;Orinduced cell death
NGF can induce neuronal

study. PC12 cells were exposed to media containing
various concentrations of H,O. for 7 days (Fig.1).

death following H.O.administration was hastened by

approximately twofold compared to cells maintained

in medium without any supplied oxidant. On the
basis of this result, medium supplemented with 50
differentiation of PC12 uM H:O.served as mild oxidative conditions for the
cells”. Therefore, NGF-induced differentiated PC12 following experiments.
cells were used as a model of neural tissue in this 2. Rescue effect of NALC on mild oxidative

conditions

To examine the rescue effects of antioxidants on

The LT 50 of cells without supplied H,O.was H,O.-induced cell death in our mild oxidative model,

estimated to be 12.5 days (Table 1). 3 days after one well - known  antioxidant,
treatment with H.O. concentrations greater than 100

was
administered to the model system. NALC at various

uM, significant lethal effects were observed, but concentrations ranging from 0 to 100 uM was
50 uM or less of H.O. added to the differentiated PC12 cells exposed to 50

most of the cells exposed to

survived at a rate similar to

control cells where no uM  H,O. at three different
H.O. was added. However, upon exposure to 50 uM

50 was estimated to be 6.6 days, indicating that cell after H,O. treatment initiation.

120
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R el rae
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Fig. 1 Effect of HO. on viability of NGF-induced differentiated PC12 cells

Cell viability was determined by MTT assay. Experiments were repeated
six times, and error bars represent the standard error of the means.
Values indicated by the same number of asterisks (0 to 3) were not
significantly different at p < 0.05 according to TUkEy’s procedure for

multiple

comparisons with each H.O. concentration.

Table 1 Median lethal time (LT 50) in days for NGF-

induced differentiated PC12 cell response to various
H.O. concentrations

H:0. Concentration LT 50
(uM) (Days)

0 12.5

5 9.1

10 10.0

15 7.8

30 7.5

50 6.6

100 4.9

200 1.2

times : O NALC
administered prior to H.O, treatment initiation ; @
H,O. for 6 days, the cell survival rate dropped by NALC administered concomitantly
approximately 40%. Under these conditions the LT treatment initiation ; and ® NALC

Wlth HzOz
administered
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Fig.2 Rescue effect of NALC on mild oxidative damage
of PC12 cells

NALC was administered to the cell culture at three different
times, i.e. before (gray bar), during (closed bar), and after
(open bar) H,O. treatment, as described in the Materials and
Methods section. Experiments were repeated three times, and
error bars represent the standard error of the means.
Asterisks indicate significant differences from the control
group (p<0.05). Statistical analyses were performed using
TUKEY’s procedure for multiple comparisons.

As shown in Fig.2, when NALC was administered
to cells in advance of H.O. exposure, a significant
rescue effect was observed when the NALC
concentration exceeded 10 uM. When NALC was
administered to cells with  H.O,
NALC at of 100 puM
displayed significant rescue effects on the mild

concomitantly
exposure, concentrations
cellular oxidative stress. In contrast, when NALC
was added to the cell culture after the initiation of
H,O. treatment, no significant rescue effect was
increase in cell

observed, even though a weak

survival was observed. Consequently, our mild
oxidative model suggests that NALC is effective for
preventive treatment against oxidative damage and
for reduction of damage during surgery, but not for
recovery from damage. Although we used a well-
known antioxidant here as a pilot test, this model
should also be applicable for the screening of
natural and artificial substances whose antioxidant
ability is unknown. To improve and develop our
concept of the mild oxidative model for ex vivo
screening of antioxidants effective against chronic
detailed

e.g. determination of whether cell

oxidative  stress, we need more

examinations,
death is necrotic or apoptotic, and administration of

other oxidants that induce different manners of cell
death.
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The Texture of Rokubee Noodles Prepared
from Tsushima’s Traditional Preparation, Sendango
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Sendang is a traditional processed food item that is characteristic of Tsushima, Nagasaki prefecture.
It is prepared by fermenting sweet potatoes. Rokubee is a type of noodle made from sendango, and its
texture is unique in comparison to other types of noodles. In this study, we researched the physical
properties of rokubee and the ingredients of sendango by means of an electron microscope. We found
that sendango was largely composed of approximately 90% starch and approximately 6% fiber. These
molecular were bound each other and made particles based on electron microscope observation. The
physical property of rokubee noodles was particularly different from other noodles in terms of its
adhesiveness and hardness. These results suggested that fiber is a very important ingredient in the
maintenance of the unique property of rokubee noodles.

(Received Nov. 11, 2010 ; Accepted Mar. 30, 2011)

Key words : sendango, fermentation, sweet potate, noodle starch
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