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Induction of Apoptosis by Extracts of Edible Wild Plants in C6 Glioma Cells

NATORI Takamitsu™®, NAKAGAWA Yuko*, SAKURABAYASHI Hikaru®*, FUKUI Satoru™,
NODA Selko*l, KUBOJIMA Aika*, TOZAWA Kazuhiro™ and NAKAO Reiko™

* 1 Department of health and nutrition, Yamanashi Gakuin University,
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* 3 Yamanashi Forestry and Forest Products Research Institute,
Saisyoji Fujikawa-cho, Minamikoma-gun, Yamanashi 400-0502

Many edible wild plants have been consumed as food. It has been reported that these plants have
antioxidants, antitumor and antibacterial activities. First, we examined the DPPH radical scavenging
activity and total polyphenol contents in 14 species of edible wild plants, which were collected from
the Yamanashi prefecture. A significant correlation between antioxidant activity and polyphenol
content was observed. Moreover, Akebia quinata Pteridium aquilinum Adenophora triphylla Cacalia
ddphiniifolia, Allium victorialis, Hosta sieboldiana Vinca mnor and Acer maximowiczianumwere found to
have significant antitumor effects against C6 glioma cells. The decrease of cell viability raises two
possibilities-induction of cell death or growth retardation. We then subjected the extracts to propidium
iodide (PI) and calcein-AM staining to distinguish between dead and live cells, respectively. The
extracts from A. maximowiczianumnduced an increase in the number of PI-positive cells. Moreover,
activation of caspase 3 and translocation of phosphatidylserine were observed in the extract-treated
cells suggesting that apoptosis might be the reason for decreased cell viability. On the other hand,
extracts of A. victorialis, H. sieboldiana and V. minor induced abnormalities in the cell cycle in the G/
M phase of cell cycle. Our data suggest that the antitumor effect of the edible wild plants might be
through the induction of apoptosis and cell cycle abnormalities.

(Received Oct. 15, 2014 ; Accepted Feb. 12, 2015)
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Table 1 Polyphenol content and radical scavenging activity of extracts of edible wild plants
Samples Total polyphenols Radical scavenging activity against DPPH
(mg TA eq/100g-fresh weight)  (zg Trolox eq/100g fresh-weight)
Tre Akebia quinata 1,113 = 348 031 £ 012
IYNTIrE Akebia trifoliate 1677 = 184 0.68 + 0.02
A Pteridium aquilinum 600 = 79 0.33 = 0.08
IYH A= TV Adenophora triphylla 684 = 29 023 = 0.01
EITVHY Cacalia delphiniifolia 345 = 172 013 = 0.00
tfawv/axy) Achillea mllefolium 1073 = 7.3 042 = 0.04
JLEaY Sanguisorba officinalis 2,007 = 20.7 0.66 = 0.07
XTI Hemerocallis fulva 208 = 3.6 010 = 0.01
Faylrv=r=s Allium victorialis 50 £ 1.2 0.05 = 0.00
FFNFRY v Hosta sieboldiana 106 = 6.6 0.01 = 0.00
XY )V=F=FY7 Vinca ninor 810 £ 76 0.28 £ 0.00
DN Epimedium grandiflorum 418 + 133 0.08 = 0.01
AT A ) F Acer maximowiczianum 1845 = 7.7 199 + 032
trFaw Cnidium officinale 527 £ 181 024 £ 0.00
GV, AFNFRT Y, eAYNVZF=F 5o

/7,4ﬁU/v,x710/$,t/#;¢@mm%
IEENDERY 72— VERIE, FhER, 1,113+
34.8, 1,677 = 18.4, 600 = 7.9, 684 = 2.9, 345 =+
17.2, 1,073 = 7.3, 2,007 = 20.7, 208 * 3.6, 50 =
1.2, 106+6.6, 810*7.6, 418+13.3, 1,845*7.7, 527
£18.1mg (¥ » = VBN ®)/100g (EEY) Th o
oo SEERALIEORTIZIVYANT Y, JLED
@ AT AN J x| £H6+U7l/—WEE#ﬁW
, —H, ¥YTHhrVUY, FavIy=r=r, FFN
#$7v®+07;/—w #ﬁw;k#%%#k&
577 HRICHREIN TV LIHEIZEITNLR) 72/
— VI3 EfEW100g24 72D, 1 ~400mg (A THEH Y
) THrIemohTwb, il hERERTE,
mﬁ@ﬁ&’%;ékmbhéﬁ Sl OFER L D I
DO—EBIZIZR) 72 ) —VPEBBIZETHTVWDL LN

0 500

Radical scavenging activity (DPPH)
(ug Trolox eq/100g fresh-weight)

1,000
Total polyphenols

T 72, HIFEMEWODPPHS ¥V Vi EIGHEIZDO W
THREL72E A, THYE, IUNTHFYE, 75E,
VARV, BEITVHY, k{aﬁ/:¥0v7
JLVEIY, XYTHYIY, FavVy_r=r, +F
NFRTY, EAYINV=F=FVU7, 47‘1') Vv, AT
2 7%, X2y oMY ODPPHT ¥ h ViHE
P, = F R, 0.31£0.12, 0.68+0.02, 0.33+
0.08, 0.23+0.01, 0.13 +0.00, 0.42 +0.04, 0.66 =
0.07, 0.10 % 0.01, 0.05 = 0.00, 0.01 +0.00, 0.28 =
0.00, 0.08+0.01, 1.99+0.32, 0.24+0.00zg (Trolox
¥e58) /100g (AfEW)) TH otz IVNTHYE, T L
Iy, ATAY ) FOHBEESENC L, —H,
Faovlry=r=r, FFNEKRKTY, £ HY VTP
TRALIG AR & & ASHER S Tz,

KIS, WFEMBORARY) 7 2/ — V&= & DPPHT

y=0.006x-0.1
-~ R?=0.5912
y=0.0003x+0.139

- ® —% R=09247
/

1500 2000 2500

(mg TA eq/100g-fresh weight)

Fig. 1 Correlation between

total

polyphenols and radical

scavenging activity of extracts of edible wild plants

The solid line indicates the approximate curve inclusive of all samples

whereas the dotted line shows the approximate curve excluding Acer

maximowiczianum.
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Boar ba—uiZxd A MIEERS X U502 A
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ATZAY R, ryrFay, FRLER, 100.0+
9.1, 12.5 £ 10.0, 80.6 £ 7.9, 58.7 = 12.8, 68.4 =
12.8, 61.1+£12.0, 107.9+19.1, 76.0=*21.4, 92.3 %
14.5, 42.6 = 10.5, 4.9 = 21.1, 24.1 = 11.8, 77.6 =
8.3, 55.2%18.3, 85.1+10.3%TH o 7zo T 72, %Il

00.1mg/m¢ 202mg/m¢ m04mg/ml

~ 140
g
*§120
100 |1 ]
o
= 80
2 60
s
o 40
.z
= 20
(]
=
CCsp — 031 333 052 065 053 097 1.30 1.63 035 0.16 020 088 043 143
BOU MY N A D DD AN N DD o D
28 &N D xm XN TN DN NN A
§ N N B AN N2 W NN KR D A
S Z o N R O g ROXON
) L D U S T T T S
r R {\\ N ey =
R hoRo2
A 2
¥ 3

Fig.2 Effects of extract of edible wild plants on the viability of C6

glioma cells

The cells were treated with extracts from edible wild plants at the

indicated concentrations for 24 h, and the cell viability was quantified

with an MTT assay. The values are represented as mean
comparison to the untreated cells

+

SD in

(control ) . CCs showed 50%

cytotoxicity concentrations. (*p<<0.05, **p<0.01, ANOVA).
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Fig.3 Induction of C6 glioma cell death by the extracts from edible wild

plants

The cells were treated with extracts from edible wild plants for 24 h (final
concentrations of each sample were 0.2 mg/mé). Photograph shows the typical live-

dead staining pattern of extracts-treated C6 glioma cells. The cells were subjected
to live/death cell staining with calcein-AM, PI and Hoechst 33342. The live cells
were stained with calcein-AM and the dead cells were stained with PI (arrows)
as seen as the upper panels. The lower panel represents Hoechst 33342 staining.

The values were represented as the mean percentage of Pl-positive cells + SD.

(*p<0.05, **p<0.01, ANOVA).
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Fig.4 The apoptosis-inducing effect of extracts from edible wild plants

on C6 glioma cells

The cells were treated with extracts from edible wild plants for 24 h (final
concentrations of each samples were 0.2 mg/mé), and then treated with

respective assay reagents. The values are represented as mean =*

SD in

comparison to control. (*p<0.05, **p<0.01, ANOVA)
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Fig.5 The effect of extracts from edible wild plants on

cycle of C6 glioma cells

the cell

The cell cycles were analyzed using image-based cytometry of the PI
stained cells. The C6 glioma cells were treated with each extracts for
24 h, and then harvested, fixed, and stained with PL. The values were
represented as the mean ratio of the number of cells in each phase to

the total number of cells + SD.
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Mathematical Modeling of Intercellular
Space Volume of Citrus Fruits
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The aim of the present study is to determine the intercellular space volume (Vin) of citrus fruits
and to develop a simple prediction method for Vin. In determining Vin, the mass (m), vertical and
horizontal diameters (vd, hd), total volume (Vi), and real density (P:) of eight species of citrus fruits
of different sizes were measured. The results showed that each species had various Vi, which
depended on fruit size; in other words, the larger the size of the fruit, the larger the Vi.. However,
the levels of porosity (@) in each species were not fully proportional to fruit size. The model used to
develop the simple prediction method for Vin (Vin:Vt_l.O%, where Vin and Vi are in cubic
centimeters and m is in grams), exhibited a high determination coefficient (R* =0.999), modeling
efficiency (EF = 0.999), index of agreement (d = 0.999), and paired t-test value (0.365). It was
concluded that the model is suitable for predicting Vinof citrus fruits.
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Key words : intercellular space volume, citrus, mathematieanodeling, modified atmosphere packaging,
controlled atnosphere storage
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Japan is a major citrus fruit-producing country”,
and Ehime Prefecture is one of the main citrus fruit
producing regions in Japan. As many as 20 major
citrus varieties are cultivated in Ehime annually.

The quality of fresh produce is greatly affected
by internal concentrations of CO. and O,”, which
are influenced by intercellular space volume (Vin).
Vin acts as a diffusion pathway through plant
organs to supply adequate O, for respiration® and
allows evolution of CO.. Moreover, the network of
Vin has been described as a system for the gaseous
transport of O, CO. C.H,, and other physiologically
important gases”?.

According to a number of gas exchange studies,

2),6)~9)

Vinof fruit is an important factor . Some studies
have shown that gas exchange” and respiration” in
fruit are directly influenced by Vi, and fruit tissue
with a small Vin results in low respiration'. Other
studies focusing on Vin in apples and pears have
shown that fruit with greater Vin or porosity, that
is, the ratio of Vin and total volume of a fruit, had

higher internal gas diffusion” and became softer

" Furthermore, a study on tolerance

(CA)
suggested that this tolerance depends on Vi or

or more mealy
to controlled atmosphere conditions has
porosity. For instance, although the apple cultivar
Cox’s Orange is characterized by low porosity and
has a low tolerance to CA, fruit with high porosity
tends to have a high tolerance to CA™.

From the above studies, it can be concluded that
Vin IS an important factor in estimating sensitivity of
fruit to low levels of O, high levels of CO, or both
in the surrounding atmosphere and in determining
appropriate concentrations for CA storage or
modified atmosphere packaging (MAP). To further
develop MAP or CA storage techniques focusing on
citrus gas diffusion

fruit, we are studying

characteristics in plant organs® and respiration
function in the intercellular space, and we plan to
establish a prediction and control method of O. and
CO; concentrations in the intercellular space. In this
research, the Vin value of citrus fruit is required.
To the best of our knowledge, this is the first

study to determine Vi of various citrus species.

§ E-mail : hikida.yoshio.mc@ehime-u.ac.jp
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The objective of this study is to determine Vin
using the pycnometric method and to develop a
simple prediction method for Vin. The pycnometric
method is time consuming because ground samples
are required. Accordingly, a prediction method can
be simply applied to determine the Vi of citrus
fruits.

Materials and methods

1. Materials

The experiment used eight species of freshly
harvested citrus fruit at Ehime University farm :
Iyokan (Citrus iyo hort. ex Tanaka), Navel (Citrus
sinensis L. Osbeck var. brasliensis Tanaka), Ponkan
(Citrus reticulata Blanco ) , (Citrus unshiu
Marcov x Citrus sinensis Osbeck x Citrus reticulata
Amanatsu ( Citrus natsudaidai Hayata ) ,
‘Kiyomi’ ( Citrus
miyagawa-wasex C. sinensis Osbeck), Lime (Citrus
aurantifolia ), and Unshu

Siranui

Blanco) ,
tangor unshiu Marcov. forma
(Citrus unshiu Marc. cv.
Kuno). Each species consisted of five sizes (S, M, L,
2L, and 3L), except Lime, for which only two sizes
were used (small and large) because of the absence
of size standards. The citrus fruits were measured
just after harvest (Table 1).
2. Physical measurements

The mass, diameter, volume, and apparent density
were measured for five whole fruits for each size:
25 fruits were measured for each species except
Lime, for which 10 fruits were measured. For real
density, citrus tissue was measured in five fruits
each of the two middle sizes (L and 2L) per
species, except for Lime with small and large sizes,
giving a total of 10 fruits measured for each species.

The real and flesh and the
apparent density of a segment

density of peel
of fruit were
measured only for Unshu, which was considered to
have a typical morphology of citrus, with five fruits
each of the two middle sizes (L and 2L), giving a
total of 10 fruits measured. The apparent density of
a segment was measured in three segments for
each fruit.

(1) Mass and diameter Fruit mass (m) was
measured using an electric balance accurate to 0.1 g.
Vertical dimension (vd), and horizontal dimension 1
(hd1) and 2 (hd2), which perpendicularly intersect,
were measured using slide calipers accurate to 1
mm. Vertical dimension represents the measurement
from one apex to the next. Horizontal dimension
represents the measurement of the equatorial axis.

Table 1 (vd)
dimension (hd) of eight citrus species

Vertical dimension and horizontal

Diameters (cm)

Harvest date Species Size
vd hd
22 January Navel S 6.1 6.6
M 6.6 6.9
7.6 77
2L 8.0 8.2
3L 8.4 8.9
23 January Iyo S 5.8 7.0
M 6.7 79
L 7.5 8.5
2L 7.8 9.2
3L 84 9.7
8 February Ponkan S 5.3 5.9
M 5.9 6.3
L 6.2 6.7
2L 6.5 75
3L 75 7.8
4 March Siranui S 6.2 6.4
M 6.6 7.0
L 7.2 77
2L 7.6 8.3
3L 84 8.9
13 April Amanatsu S 7.3 8.6
M 74 9.2
L 7.6 9.7
2L 8.1 10.2
3L 85 10.9
3 March ‘Kiyomi’ S 5.3 6.0
tangor M 5.8 6.7
L 6.1 6.8
2L 6.7 7.8
3L 74 8.3
5 November Lime Small 5.0 4.8
Large 6.2 5.6
4 December Unshu S 4.7 5.9
M 4.9 6.5
L 5.1 71

2L 54 77
3L 6.0 84

All measurements were performed in quintuplicate (n=5)
in 2013. hd was obtained from mean values of hd1 and hd2,
which perpendicularly intersect.

(2) Volume
principle was used to determine the total volume
(Vi)
electric balance accurate to 0.1 g when a sample

A technique based on Archimedes’

of fruit. Buoyancy was measured using an

was submerged in water. Sphere equivalent volume
(Vs) was also calculated by assuming that the fruit



(17)

(Article) Intercellular Space Volume of Citrus 105

is a sphere with a diameter the average of vd, hdl,
and hd2.

(3) Real density and apparent density Real
density (P:) of citrus tissue was measured using
25 mé
pycnometer filled with distilled water was weighed

the pycnometric technique' . First, a
(W) using an electric balance accurate to 0.001 g.
The density of distilled water was 0.9982 g/cni while
the temperature of the distilled water was kept at
20 C. Next, after the water in the pycnometer was
(W,).

Approximately 10 g of ground sample by mortar

removed, the pycnometer was weighed
and pestle that is one-eighth of a whole sample
(stem end, consisting of peel and flesh) was placed
in the pycnometer and weighed (W;). The sample
weight in the pycnometer can be obtained by
subtracting W, from W;. Next, the sample in the
pycnometer was submerged in water; subsequently,
the pycnometer was placed in a vacuum (0.01
MPa) for up to 30 min to eliminate the air bubbles
in the sample. Next, the pycnometer containing the
sample was filled fully with distilled water and
weighed (W,.). Finally, real density was calculated
using the following equation.

- WemW,
Py =0.9982 W, + W;—-W,-W, Y

Pt: Real density of citrus tissue (g/cn)
The pycnometric technique was also applied to

the peel and flesh of Unshu fruit to determine their
real density.

The apparent density of whole fruit (P.) was
calculated as the ratio of fruit mass (m) to total
volume (V).

The apparent density of a segment of Unshu fruit
was also calculated as the ratio of the mass to the
volume, which was measured using Archimedes’
principle.

3. Determination of
and porosity

Intercellular space volume (Vin) was calculated

intercellular space volume

after measuring mass, total volume, and real density.

Vin is the difference between total volume and the
volume of fruit tissue" (Equation (2)). Therefore,
Vin was calculated using Equation (3).

Vin = Vi— Viigsue torrorrrerrrererereeneeeneesaeeneeacanns (2)
- D 0
Vm - Vt Pt (3)

Vin : Intercellular space volume (cni)
Vi : Total volume of whole fruit (cm)
Vissue : Volume of fruit tissue (cm)

m : Mass of fruit (g)
P: : Real density of fruit tissue (g/cni)

Porosity (¢) was determined using the following

equation.
0=3100
0: Porosity (%)

4. Measurement of moisture content

Moisture content was measured using the oven
drying method (100 T for 24 h). We measured
samples of about one-eighth of a whole fruit. All
samples were weighed using an electric balance
accurate to 0.001 g. Wet basis moisture content was
presented as a percentage.
5. Statistical analysis

For real density between two fruit sizes (L and
2L, small and large for Lime) in all species, the t-
test (independent sample) with a level of
significance of P <0.05 was applied to assess the
differences. We used Tukey’'s test with a level of
significance of P<0.05 to determine the significance
of differences among means of species. To analyze
the data, we used SPSS software for Windows
version 16.0 (SPSS Inc., IL, USA) and Microsoft
Excel 2010.

Results and Discussion

1. Real density and moisture content

Table 2 shows the size, real density, and moisture
content of eight citrus species. Real density did not
significantly differ between the two fruit sizes for
all the species (P<0.05). This result suggests that
the mean value of the two fruit sizes for all species
can be applied to the other sizes. Using Navel as
an example, the mean value of 1.0676 for L and 2L
can be applied to the other three sizes (S, M, 3L).

For real density among the species, Unshu and
Lime were grouped together and the six remaining
species were grouped together, with a significant
difference between the two groups. To investigate
the difference in real density among the species, the
relationship between moisture content and real
density was examined. As shown in Table 2, species
with higher moisture content had lower real density,
and vice versa. For instance, while the average of
the means for moisture content and real density of
Lime and Unshu were 86.29% and 1.0531 g/cni,
respectively, the corresponding average mean values
for Navel, Iyokan, Ponkan, Siranui, Amanatsu, and
tangor were 82.96% and 1.0678 g/cni,
respectively. This result was consistent with a study

‘ Kiyomi’

by ABuavawick et al'”, in which the moisture
content of three onion varieties was investigated ;



106 Food Preservation Science VOL.41 NO.3 2015

(18)

Table 2 Real density and moisture content of sizes L
and 2L for eight species of citrus fruits

Table 3 Real density and moisture content of peel,
flesh, and mixture of peel and flesh for Unshu

Real Moisture

Species Size Density* content®*
(g/cnl) (%)
Navel L 1.0667 81.32
2L 1.0685 81.32
Mean 1.0676* 81.32
Iyo L 1.0661 84.72
2L 1.0648 84.33
Mean 1.0655* 84.53
Ponkan L 1.0697 83.81
2L 1.0704 82.62
Mean 1.0700° 83.22
Siranui L 1.0710 81.61
2L 1.0666 80.43
Mean 1.0688" 81.02
Amanatsu L 1.0675 83.35
2L 1.0627 83.12
Mean 1.0651* 83.24
‘Kiyomi’ L 1.0736 84.45
Tangor 2L 1.0659 84.37
Mean 1.0697¢ 84.41
Lime Small 1.0577 86.91
Large 1.0546 86.16
Mean 1.0562° 86.53
Unshu L 1.0515 86.56
2L 1.0485 85.54
Mean 1.0500" 86.05

*All measurements were performed in quintuplicate (n=15).
**All measurements were performed once (n=1).

Means of real density followed by different letters are
significantly different as determined by the Tukey test at P
< 0.05.

Values of real density are not significantly different as
determined by the t-test at P < 0.05 on the L and 2L
sizes for all species, including Lime with small and large
sizes.

the onion varieties with higher moisture had lower
real density.

Table 3 presents the real density and moisture
content of the peel, flesh, and a mixture of peel and
flesh for two sizes (L and 2L) of Unshu. The real
density of peel was higher than that of flesh and a
mixture of peel and flesh at 1.0696 g/cm’ 1.0420 g/
cm, and 1.0500 g/cm, respectively. Tukey’'s test
revealed differences in the real density of peel
compared with flesh and a mixture of peel and

Real Moisture

Measurements density* content™*
(g/cni) (%)
Peel 1.0696" 77.22
Flesh 1.0420° 88.46
Mixture of peel and flesh 1.0500° 86.05

*All measurements were performed ten times (n=10) : size
L=5 and 2L=5.

**All measurements were performed twice (n=2) : size L=
1 and 2L=1.

All data are expressed as the mean. Means of real density
followed by different letters are significantly different, as
determined by the Tukey test at P < 0.05.

Real density for the mixture of peel and flesh is taken from
Table 2.

in moisture content
density. This
phenomenon was similar to the previous discussion,

flesh. A distinct difference
suggested the difference in real
showing that the higher the moisture content, the
lower the real density.

The real density of Lime and Unshu was less
than that of the other six species ; however, total
real densities ranged from a minimum of 1.0409 g/
ci to a maximum of 1.0838 g/cnii with a very small
standard deviation of 0.0077 g/cm and standard
error of 0.00057 g/cn, and the total mean was
1.0647 g/ cii. All the
considered to have generally the same value as the

species were therefore
total mean. The real density range was similar to
that found in a previous study of mandarin citruses
with a range from 0.81 g/cn to 1.08 g/cn ™.
2. Intercellular space volume and porosity

Table 4 shows the physical properties of the
eight citrus species. While the intercellular space
volume (Vin) of the L and 2L sizes was calculated
by measuring real density, Vin of the other three
sizes (S, M, 3L) was calculated by applying the
mean value of real density from the L and 2L sizes,
except for Lime. Vin is a property of the cultivars

9.2 " From the

that depends on the growing season
results, we see that size, mass, and total volume
were proportional to Vin for each species. For all
species, Vin ranged from 4.2 cni to 142.2 cn, in which
3L Amanatsu was the highest.

The porosity of all species ranged from 6.7% to
29.4%. The results showed that while Amanatsu
and Lime had a porosity proportional to their size,
showed otherwise. For

the remaining samples
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Table 4 Physical properties of citrus fruits: mass (m),
total volume determined using Archimedes’ principle
(Vi), apparent density (Pa),
volume (Vin), and porosity (¢)

intercellular space

. . m Vi Pa Vin
Species Size (g) (cni) (g/cnd) (cnt) (Z)
Navel S 1377 1433 09608 143 10.0
M 166.7 1727 09653 16.5 9.5
L 2242 2437 09199 336 137
2L 2724 2977 09152 427 143
3L 329.2 3639 09407 555 153
Iyo S 1326 1672 0.7927 428 257
M 1858 2471 0.7522 726 293
L 2483 3065 08102 735 239
2L 290.3 3778 0.7682 1052 278
3L 336.3 4468 0.7528 131.1 294
Ponkan S 904 1071 0.8448 225 211
M 1134 1316 08611 257 196
L 1256 1554  0.8079 380 245
2L 1621 2058 0.7876 543 264
3L 1922 2532 0.7589 736 29.0
Siranui S 1235 1330 09289 174 130
M 1555 1725 09013 270 156
L 199.1 2267 0.8780 409 180
2L 2414 2691 08972 428 159
3L 2905 3318 08756 59.6 179
Amanatsu S 263.0 3053 08614 584 19.1
M 3034 3535 08584 686 194
L 3425 4047 08464 838  20.6
2L 391.3 4732 08269 1049 222
3L 465.2 579.0 08035 1422 246
‘Kiyomi’ S 951 1054 09029 164 156
tangor M 126.0 1393 0.9048 215 154
L 1357 1540 08815 276 178
2L 192.3 2165 0.8881 352 163
3L 2383 2695 08845 467 173
Lime Small 61.2 62.0  0.9868 4.2 6.7
Large 101.6 1040 09775 7.6 7.3
Unshu S 88.7 96.7 09175 122 126
M 111.6 1201 09290 138 115
L 1374 1526 09002 219 144

0.8800 308 159
08371 50.7 202

2L 1688 1919
3L 209.2 2499

All measurements were performed in quintuplicate (n=75).
Data are expressed as the mean.

We calculated the Vin of S, M, and 3L by applying the
mean value of real density from L and 2L.

example, Iyo size L had only 23.9% porosity, while
size M had 29.3% porosity. Bauman and Henze",
reported similar results for apples, investigating
small and large varieties. Porosity is useful as an

additional factor in estimating sensitivity to low

levels of O., high levels of CO,, or both in the

surrounding atmosphere and in  determining

tolerable concentrations for CA'. For example,
Bauman and Henze" categorized the porosity of the
apple cultivar Cox's Orange for three levels of
tolerance to CA: low level (<14%), mid-level (14.
1% ~16%), and high level (>16%). The values for
porosity in Table 4 can teach us more about the
relationship between citrus porosity and its
tolerance to CA.

The apparent density of a citrus segment was
also measured in L and 2L Unshu. The mean
apparent density of the citrus segments (1.0147 g/
cd) was greater than that of intact citruses (0.8901
g/cn), indicating that the porosity of intact fruit is
greater than that of a segment. The porosity of
citrus segments was only 2.6%, while the porosity
of whole fruit was 15.2%, suggesting that the
majority of intercellular space is outside segments.
Most Vin is in the central cavity and under the skin
of the citrus.

3. Simple prediction method for intercellular
space volume

The following two steps were applied to develop
a simple prediction model for Vi using
measurements of mass and volume. First, models
were developed using Equation (3). Second, a
validation test was performed by comparing the
measured and predicted values of Vin for the eight
species.

We can select the best model based on the
higher values for the determination coefficient (R?),
modeling efficiency (EF), index of agreement (d),
and paired t-test. R* provides a measure of how
well the model replicates the measured values
model. To obtain an acceptable goodness of fit, the
values for R* must approach 1. EF and d are
dimensionless statistics ranging from —o to 1 and
from 0 to 1, respectively, which suggests that the
value should be equal to or greater than 0 for EF
and 0.75 for d to evaluate a model precisely”. We
can determine both EF and d by using Equations

(5) and (6)*.

o 2 ) e,
EF=1-¢ CEDE (5)
d= 1 - Z(y_X)Z ........................... (6)

(ly—xl+[x—gD*
where x is the measured value, y is the predicted
value, X is the measured mean, and § is the
predicted mean. Finally, to test for a significant
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difference between measured and predicted, the
paired t-test can be used with a level of significance
of P<0.05.

In the first model, we used mass (m), total
(Vi)
principle, and real density (P:) to develop a simple

volume determined using Archimedes’

prediction method for Vi From Equation (3),
Equation (7) was developed by assuming that the
values for real density (Pi) are similar in all species
based on our findings in this study (1.0647 g/cni).

Vin= Vi—35:57

where Vin and V: are in cubic centimeters and m is
in grams. To confirm the applicability of Equation
(7), the predicted values for Vi from Equation (7)
were compared with the measured values for Vi
from Equation (3) using R2, EF, d, and the paired
t-test. We used total measured and predicted values
from 185 samples to validate the model. Fig. 1
of the
measured and predicted values for all species. The

shows the results comparison between
measured and predicted Vin values were very close.
In addition, the high values for R? (0.999), EF (0.
999), and d (0.999) in Equation (7) indicate the low
variability of Vin prediction. Then, the paired t-test
(0.365) indicates that measured and predicted Vi
were not significantly different. Therefore, we can
conclude that Equation (7) provides precise predicted
values of Vi for the citrus fruits which have real
density of nearly 1.0647 g/cm’.
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Predicted value of Vin (cm?®)

Fig.1 Comparison of predicted (Equation 7) and
measured values (Equation 3) of Vin in all citrus
species (n=185)

Each data point represents individual fruits.

We also examined a second model in which total
volume was replaced with sphere equivalent volume
(Vo).
developed by replacing Vi with V.

From Equation (7), Equation (8) was

- S 4N
Vll’l_ VS 1-0647 (8)

where Vin and Vs are in cubic centimeters and m is
in grams. To validate the model, the measured and
predicted values for Vin were compared using R’
EF, d, and the paired t-test. Total measured and
predicted values from 185 samples validated the
model. The values for R* (0.860), EF (0.679), and d
(0.904) could be generally acceptable. However, the
paired t-test (0.000) shows that measured and
predicted Vin were significantly different. The paired
t-test values of each species were less than 0.05,
except for Siranui (0.391), indicating that the model
in Equation (8) 1is not suitable for precisely
predicting Vin.

Conclusion

In this paper, we have presented the determination
of intercellular space volume (Vin) in eight species
of citrus fruits and the development of a simple
prediction method for Vi For all eight species, Vin
ranged from 9.2 cii to 1422 cmi. For each species,
we can see that size, mass, and total volume were
proportional to Vin. The porosity of the eight species
ranged from 6.7% to 29.4%. The real density of the
species was almost similar to the mean value, 1.0647
g/cm. On the basis of the mean value, we developed
two mathematical models to predict Vin.

On the basis of four statistical evaluation methods,
is the total

Archimedes’ principle and m is mass of a fruit, we

where Vi volume measured using

evaluated model Vin:Vt_ﬁ and determined it
to be acceptable for predicting Vi.. However, the
alternative model, Vin=Vs_ﬁ where Vs is the

sphere equivalent volume calculated by average
diameter, was not acceptable.
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Preparation of Milk Gels by Incubating a Mixture of Milk and Ginger Juice
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Milk gels were prepared by incubating a mixture of milk and ginger juice at different temperatures
and incubation times. This was done to determine the effects of variation in temperature and
incubation time on the hardness, adhesiveness, and cohesiveness of milk gels. Our results
demonstrated that it was favorable to incubate the mixture for 30 minutes at 60-70C, after mixing
the milk and ginger juice by stirring. The hardness increased with additional heating to 80°C after gel
formation using ginger protease. Our findings suggest that it is possible to adjust the hardness of the
gels by combining the enzyme reaction with heating. The hardness of the gel could be adjusted by
addition of 1.5~2.0w/w% gelatin, therefore, gels prepared by a mixing milk and ginger juice have
promising applications as food sources for elderly people or as foods for swallowing training.

(Received Nov. 4, 2014 ; Accepted Mar. 19, 2015)

Key words : milk, ginger, protease, gelation, swallowing training
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Table 1 Effects of reaction temperatures on hardness,
adhesiveness and cohesiveness of milk gels
Reaction Hardness Adhesiveness .
5 R Cohesiveness
temperatures (C)  [x10° N/ni] [J/caf]
40 1.36 £0.04* 57+ 2° 0.549 +=0.014°
50 1.82+0.02" 64+ 4° 0.503 = 0.005"
60 1.82+0.02" 82+ 2° 0.505 +0.007"
70 2.04 £0.02° 95+ 6°¢ 0.514 £ 0.009™
80 2.19+0.03¢ 112+ 4¢ 0.513 +0.006"
90 0.49 £ 0.06° 13+ 4° 0.724 £ 0.036°
Means+SE of 10 experiments.
Means in the same column not sharing a common

superscript letter are significantly different (p<0.01).
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Table 2 Effects of reaction times on hardness,
adhesiveness and cohesiveness of milk gels
Reaction tines Hardness Adhesiveness .
s Cohesiveness
(min) [x10° N/ni] [J/m]

15 1.46 £0.04* 62+ 3*° 0.537+0.013"
30 1.71+0.03" 81+ 4" 0.506 £0.013™
45 1.72+0.05" 87+ 4" 0.546 +0.016"
60 1.82+0.02° 82+ 2" 0.505 +0.007"
90 1.75+0.02" 92+ 5" 0.493 +0.006"

Means = SE of 10 experiments.

Means in the same column not sharing a common

superscript letter are significantly different (p<0.01).
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30 - * I Did not additional heat
’ [ Did additional heat
*
25 * ’_‘ *
'_|
2.0 1
15 1
1.0 4
05 -
0.0 . - .
40T 50C 60T 70T
Fig.2 Effects of additional heating of 80 C for 30

minutes on hardness of milk gels

Mean=SE of 10 experiments.
Asterisk indicate significantly different (p<<0.01).
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Fig.3 Confocal micrographs of ginger milk gels

a : Gel formed at 40C for 30 minutes.
b : Gel formed at 60C for 30 minutes.

¢ : Gel formed at 40C for 30 minutes and additional heated at 80C for 30 minutes.
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Table 3 Hardness, adhesiveness and cohesiveness of
1.0,1.5,2.0 and 3.0 w/w% gelatin gels

Gelati

ca 1n. Hardness Adhesiveness .
concentrations 5 Cohesiveness
[x10° N/ni] [J/mi]

(w/w%)
1.0 0.32£0.00 0+ 0 0.884+0.005
15 1.19+0.05 58+ 3 0.774£0.018
2.0 245%0.15 105+ 5 0.693=0.054
3.0 6.32=0.58 125+10 0.873=0.099

Means =SE of 10 experiments.
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Effects of Curtain Treatment with White Reflection Sheets
in Improving Berry Coloration and Wine Quality
in ‘Cabernet Sauvignon’ Grapes
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Curtain treatment with white reflection sheets at the veraison stage was applied to the wine grape

‘Cabernet Sauvignon'. Compared with mulch treatment and the control, hanging sheets on both sides
of the main stem of the grape tree significantly increased the coloration of the berries and wine and
the anthocyanin content in the grape skins. Yeast-assimilable amino acid in the juice in curtain-treated
grapes was significantly decreased compared with that in the control. Curtain treatment with white
reflection sheets improved the color of red wine grapes.
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High
warming cause serious problems such as low sugar

night temperatures related to global
content and lightened skin color in grapes. Several
methods to overcome these problems have been
tested, including girdling, abscisic acid fertilizer, and
reflective mulch treatment. Mulch treatment with
light environment

reflective sheets improves the

around grape trees and is effective in deepening the

V-2 Recently, curtain

coloring of grape berry skin
with  white
developed to improve the coloration of the table
grape ¥ The

coloration in the treated grapes was significantly

treatment reflection  sheets was

cultivar  ‘Izunishiki berry skin

increased compared with that in the mulch
treatment and control groups. In the present study,
curtain treatment was applied to the wine grape
cultivar

‘ Cabernet Sauvignon’, and the resulting

wine quality was also investigated.
Materials and Methods

1. Plant material and treatments (white reflective
sheet curtains and mulch)
The experiments were conducted on 12- and 13-
year-old wine grapes (\Mtis vinifera L.‘Cabernet

Sauvignon’)in 2011 and 2012, respectively, at the

Oku-Izumo Vineyard (Unnan, Shimane, Japan). The
trees were using a single-wire trellis training system.
Two treatments and a control were used to assess
the anthocyanin concentration in the grape juice :
(D the curtain treatment as shown in Fig. 1, in
which 150 -cm-wide white polyethylene reflection
sheets (700AG; DuPont™ Tyvek® E.I Du Pont de
DE, USA)
were hung 200 cm from both sides of the main

Nemours and Company, Wilmington,

stems; @ a mulch treatment in which the ground

““\\
*“\\

100cm | 100cm 1000%1

] Curtain hanged -
(width 150cm)

Fig. 1 Curtain treatment with white reflective sheets in
tunnel mesh cultivation of ‘Cabernet Sauvignon’
grapes

§ E-mail : tmatsumoto@life.shimane-u.ac.jp
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under the main stems were covered with mulch at
the veraison stage (the developmental stage at
which berry ripening began on 7 September 2011
and 31 August 2012) ; and ® a control treatment in
which no reflection sheets or mulch were used. Ten
trees were used for each treatment.
2. Fruit analysis

Ten grape clusters were randomly collected from
the ten trees in each group on 12 October 2011 and
31 September 2012 and assessed for berry weight
and soluble solids concentration (Brix ; ASONE
MASTER-A1T, Osaka, Japan). The color chart value
(Japan Fruit Growers Cooperative Association) of
the grape skin was determined in the grapes
collected in 2011. The tartaric acid concentration
and organic acid composition of the grape juice
were determined with a titratable acidity test and
high-performance liquid chromatography, respectively,
in 2011 .
concentration of the berry skin and free amino acid

Determinations of the anthocyanin
analysis of the juice were performed determined

according to methods described in our previous
report”.
3. Wine production and analysis

Approximately 4 kg grape grains were squeezed,
providing approximately 3¢ juice. The juice and pulp
were placed in a 5-£ bottle to which potassium
metabisulfite was added in appropriate amounts
before and after fermentation to prevent oxidation
and sterilization and to stop the fermentation,
respectively. Glucose and tartaric acid were added
to become 22% and 0.7% in the juice, respectively,
and the mixture was fermented for approximately 2
weeks at 20~25C. The composition of the wine

produced from the grapes in the treatment groups

and control in 2011 were analyzed according to the
method of Japan's National Tax Agency.

Results

The effects of curtain treatment with white

reflection sheets on the wine grape ‘Cabernet
Sauvignon’ are shown in Table 1. No significant
difference in berry weight was found among the
and control

curtain treatment, mulch treatment,

groups ; however, the soluble solid concentration
(Brix) of the juice and color chart values of the
grape skins in the curtain and mulch treatment
groups were greater than those in the controls in
2011 and 2012. The titratable acidity (tartaric acid)
in the control was lower than that in the curtain
and mulch treatment groups in 2011. Compared
with  that in the

concentration in the skin of curtain- and mulch-

control, the anthocyanin
treated grapes was also significantly increased in
2011 and 2012 (Fig. 2). As shown in Fig. 3, no
significant differences in amino acid content were
found among the experimental groups. However,
yeast-assimilable amino acid (all amino acids except
proline) content in curtain-treated grapes was lower
than that in control grapes.

The composition of wine produced from grapes in
the treatment and control groups is shown in Table
2. The specific gravity, concentration of alcohol,
wine extract, tartaric acid content, and pH of the
wines were not significantly different among the
treatment groups. However, compared with that in
the control group, the wine color value based on
absorbances at 420 and 530 nm was greater for the
curtain treatment group in both years (see Table

2). The coloration of wine produced from curtain-

Table 1 Improvements to ‘Cabernet Sauvignon’ wine grapes by curtain
treatment with white reflection sheets
Treatments 1(,) srat Brix (%) CC value® Ta?rtanc
weight (g) acid (%)
2011
Control 133 a 169 b 41 b 0.52
Mulch 117 a 183 ab 6.2 a 0.31
Curtain 145 a 193 a 64 a
2012
Control 162 a 162 a
Mulch 158 a 170 a
Curtain 164 a 170 a

*Color Chart for black grape; Different letters indicate significant differences
(P < 0.05) according to Tukey’s multiple range test.
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Vertical bars represent standard error. Different letters indicate significant difference (P < 0.05)
according to Tukey’s multiple range test (n=75).

Table 2 Composition of wine from curtain- and mulch-treated ‘Cabernet Sauvignon’' grapes

Specific Alcohol Wine Total acid Absorbance
Treatment . extract pH
gravity (%) (%) (%) at 420 nm at 530 nm
2011
Control 0.996 11.8 3.17 3.54 0.65 0.52 0.63
Mulch 0.996 125 3.36 3.55 0.65 0.67 0.94
Curtain 0.996 11.9 3.20 3.55 0.67 0.82 1.26
2012
Control 0.999 11.7 3.93 3.54 0.72 0.52 0.49
Mulch 1.000 11.8 421 3.40 0.83 0.55 0.52
Curtain 1.000 12.3 4.34 3.56 0.78 0.92 1.13
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Mulch Control

Curtain

Fig.4 The appearance of wines among three treatments

treated grapes was darker than that of wine from
mulch-treated and control grapes (Fig. 4).

Discussion

Some of the most serious challenges in grape
cultivation are low sugar content and reduced skin
coloring of fruit caused by high night temperatures.
Poor coloring in berry skin reduces the economic
value of grapes for both the table and processing.
Morr et al.” and Kosmrra et al” have reported that
high night temperatures related to global warming
reduce anthocyanin accumulation in berry skins,
causing poor coloration in red and black grapes and

posing a persistent problem for viticulture. Mulch

treatments with reflective sheets”™ have been
applied to overcome these problems.
Prie and MurLLins?  have  suggested  that

anthocyanin concentration in grape skin is increased
by the accumulation of sugar in the berry. It is
that
photosynthesis, and light conditions around grape

well  known sugar is synthesized by

trees affect photosynthesis. Anthocyanin in grape

accumulates when concentration

10)

berries sucrose
. We previously reported” that the skin

(Mitis labruscana

increases
color of the table grape ‘Izunishiki’
increased by curtain
sheets. In the
present study, the anthocyanin concentration in the

Bailey ) was significantly

treatment with white reflection
skin of ‘Cabernet Sauvignon’ wine grapes was
significantly improved by curtain treatment (see Fig.
2), which also improved wine color (see Table 2,
Fig. 4).

We have also reported that the photon flux
densities on the upper/west sides of trees treated

with curtains (white reflection sheets hanging 90

cm from the sides of the main stem), mulch, and
neither curtains nor mulch (control) were 185.5/
353.4, 413.6/273.1, and 97.5/273.1 pgmol m™?* s7',
respectively’, and the light environment around
table grape
treatment group was 1.3~1.7 times that of the

‘Izunishiki’ trees in the curtain
control, which resulted in significant improvement in
grape skin coloration. High acidity in the juice of
control grapes may be promoted by the maturation
of grapes with curtain and mulch treatments. The
increased sugar content caused by increases in
photosynthesis seemed to be used for anthocyanin
synthesis.

In both our previous study” and the present
study, we demonstrated that the coloration of dark
grape skin is significantly improved by curtain
treatment. The sugar concentration of white grapes
may also be increased by curtain treatment before
veraison. Furthermore, lower concentrations of yeast
-assimilable amino acids, which are used for yeast
fermentation in grape juice, have been measured in
curtain-treated grapes. Lower levels of yeast-
assimilable amino acids in grape juice from curtain-
treated grapes may affect the taste and flavor of
wine.

The light reflection efficiency of the white sheets
used in this study is reportedly higher than that of
aluminum vapor deposition sheets commonly used in
mulch treatment. The sheets also improved plant
effects of

growth and reduced the deleterious

"# . Compared with other mulch

insects and pests
sheets used in orchards, white reflective sheets as
on-ground mulch are disadvantageous because they
are expensive and easily become dirty during
cultivation. Because the sheets do not contact the
ground during curtain treatment, they are not easily
soiled. The durability of these sheets during curtain
that

treatment

more than twice in mulch
This

effective for both table and wine grape cultivation.

treatment is

treatment? . curtain method is
Moreover, the color of wine produced from curtain-
treated grapes was darker than that from mulch-
treated and control grapes (see Table 2, Fig 4).
The results of this study suggest that curtain
treatment with white reflection sheets improves the

fruit color of red wine grapes.
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