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Fig. 1. A map of Osaka prefecture,  

and Senshu region(circle area). 
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Fig. 2. Cultivation of Mizu-nasu eggplant in open field.  
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Fig. 3. Bran pickled processing of Mizu-nasu eggplant fruit 

without cutting (Photograph courtesy of Sakai 

kyodo Tsukemono Co., Ltd.).  
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Fig. 1-1. Appearance characteristics of eggplant fruit at harvest ‘Senryo -2’, 

‘Kurowashi’, ‘Chikuyo’, ‘Masumi’, ‘Shiro -nasu’, ‘Torikai’ and 

‘Mizu-nasu’ in order from left.
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Table 1-3. Identification of anthocyaninsz extracted  

from the peel of eggplant fruit.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Cultivar
Retention

time (min.) max

Mizu-nasu 16.36 535
Torikai 16.03 535
Chikuyo 16.19 535
Kurowashi 11.81 529
Senryo-2 16.22 535

Nasunin 16.48 535

Delphinidin-3-
rutinoside

11.76 529

z Maximum peak of absorbance at 525nm, each cultivar
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Fig. 1-3. Chromatograms and spectra of three anthocyanins as standard .  
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Kurowashi

Fig. 1-5. Chromatograms and spectra of delphinidin 3-rutinoside 

 as standard and extracts of anthocyanins from Kurowashi. 
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Fig. 1-6. Correlation between degree of browning and polyphenol  
        content (A) or polyphenol oxidase activity (B) of the  
        seven cultivars. 
        z * indicates statistically significant by Pearson correlation  
          test (P < 0.05)  
        ○:Mizu-nasu, ●:Torikai, :Chikuyo, ▲:Kurowashi,  
        □:Senryo -2,  ■:Masumi, ×:Shiro-nasu, respectively. 
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Fig. 2-1. X-ray computed tomography scanner. 
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Fig. 2-2. Images of Mizu-nasu eggplant fruit cross-sections produced 

by an X-ray computed tomography scanner. The degree of 

pithiness of individual fruits was 1–5%. 

Fig. 2-3. Histogram representing the degree of pithiness of 

marketable Mizu-nasu eggplant fruits. 
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  Table 2-1. Sample sets for calibration or validation of Mizu-nasu 

eggplant fruits. 

Purpose   Source

Calibration
(in 2013)

Plants grown in a
plastic film greenhouse
 at the REAFz

126

Validation
(in 2014)

Plants grown in a plastic film
greenhouse at the REAF

12

Plants grown in a plastic film
greenhouse by a commercial
farmer

44

Plants grown in a field by a
commercial farmer

44

 

Number of samples

z Research institute of Environment, Agriculture and Fisheries,
   Osaka prefecture
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Fig. 2-4. The number of correct and incorrect predictions of the pithiness of 

Mizu-nasu eggplant fruits according to an X-ray transmittance 

method. 
Z Degree of pithiness of individual fruits as determined using an 

X-ray CT method. 

A: Fruits predicted to be pithy based on an X-ray transmittance 

method. 

B: Fruits predicted to be non-pithy based on an X-ray transmittance 

method. 

Open (□) and closed (■) squares correspond to correct and incorrect 

predictions, respectively. 
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Fig. 2-5. The measurement of the NIR spectrum of a 

Mizu-nasu eggplant fruit using the 

K-BA100R spectrometer. 

Fig. 2-6. NIR spectra of Mizu-nasu eggplant fruit. 

        R: reflectance. 

0.0 

1.0 

2.0 

3.0 

650 700 750 800 850 900 950 1,000 

Wavelength nm

lo
g 

(1
/R

)



38 
 

 

Fig. 2-7. Second derivative of NIR spectra of 

Mizu-nasu eggplant fruit. R: reflectance. 

Fig. 2-8. Single correlation coefficients between second 

derivative values and the degree of pithiness plotted 

against wavelength. 
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Table 2-2. Results of discriminations between pithy and non-pithy 

Mizu-nasu eggplant fruits. 

Table 2-3. Results of discriminations between pithy and non-pithy 

Mizu-nasu eggplant fruits based on observations of fruits . 

Samples
for validation

Preference of
discriminantz

Plants grown in a plastic film
greenhouse at the REAF

12 11 92 Detected

Plants grown in a plastic film
greenhouse by a commercial
farmer

44 25 57 Not detected

Plants grown in a field by a
commercial farmer

44 29 66 Detected

z Calculated using a one-sided binomial test (P  < 0.05)

Number of
samples

Correct
discrimination

Percentage of correct
discriminations

3 non-pithy fruits 2 Correct 1 Incorrect 67 Not detected

9 pithy fruits 0 Incorrect 9 Correct 100 Detected

27 non-pithy fruits 12 Correct 15 Incorrect 44 Not detected

17 pithy fruits 4 Incorrect 13 Correct 76 Detected

14 non-pithy fruits 5 Correct 9 Incorrect 36 Not detected

30 pithy fruits 6 Incorrect 24 Correct 80 Detected

z Calculated using a one-sided binomial test (P  < 0.05)

Plants grown in
a plastic film
greenhouse at
the REAF

Plants grown in
a plastic film
greenhouse by
a commercial farmer

Plants grown in
a field by a
commercial farmer

Samples for validation
Discrimination results Percentage of

correct
discriminations

Preference
of

discriminantzNon-pithy fruits Pithy fruits
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      Fig. 3-1. Defective pickles by color problem (left), and        

              marketable pickles of Mizu-nasu fruit (right) . 

Fruit apex 

Fruit stalk side 

Middle 
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     Fig. 3-2. HPLC chromatograms of anthocyanins in fresh fruit (A)  

and in pickles (B) of Mizu-nasu. 

    Fig. 3-3. Mass spectrum of nasunin extracted from 

 the peel of Mizu-nasu fruit . 
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Table 3-1.  Anthocyanin content in each section of  

the peel of eggplant fruit . 

 

Table 3-2. Anthocyanin content in each section of  

the peel of eggplant pickles . 

Fruit stalk side 170 az

Middle 134 b
Fruit apex 125 b

z Different letters indicate significant differences (P  < 0.05)

Anthocyanin content
in the peel

(nmol cm-2)

Fruit stalk side 51.0 az

Middle 49.7 a
Fruit apex 37.0 b

Anthocyanin content
in the peel

(nmol cm-2)

z Different letters indicate significant differences (P  < 0.05)
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Table 3-3. Effect of several immersion treatments on the stability 

of anthocyanins in the peel of Mizu-nasu fruit pickles .  

 

 

 

 

 

 

 

 

 

 

 

 

 

Penetrating
tool

Metal
scourer

Plastic
scourer

Rice
hull Pinholder

Surface injuryz

Anthocyanin
stabilityy

 z The degree of surface injury: severe (+++), moderate (++), slight (+), none (-)

Scraping tools

 y The plus (+) or minus (-) symbol shows whether peel anthocyanins are
    stabilized or not.
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Fig. 3-4.  Low-vacuum scanning electron micrograph of the surface  

 of the Mizu-nasu eggplant, immediately after penetration 

promotion treatment. 

        Broken piece of the rice hull are observed.  
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Fig. 3-5. Effect of the times of penetration promotion 

treatment for the Al3 + content of the fruit 

peel of the pickles of Mizu-nasu fruit . 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3-6.   Effect of reversal number of times on the stability of 

anthocyanins by rice hull treatment in the peel of 

Mizu-nasu fruit pickles. Mizu-nasu fruit were put in 

polyethylene bag contained rice hull and reversed up 

and down. Left: 10 times, right: 25 times. 
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Summary 

 

Eggplant is traditionally cultivated in Japan through the selection of 

cultivars suited to the climate and soil conditions of each region, resulting in 

locality-specific adapted cultivars.  At present, there are several domestic 

cultivars with varying fruit shape, skin color, properties, and components.  

The Mizu-nasu eggplant, a native cultivar in Osaka Prefecture, is mainly 

valued for pickling due to its soft skin and juicy flesh; however, there have 

been no systematic reports on its quality characteristics. The present study 

investigated characteristics of eggplant quality, particularly regarding its 

usefulness as a processed food.  

 

1. Evaluation of the quality of eggplant fruit based on a varietal 

comparison  

 

To clarify the quality characteristics of the Mizu-nasu eggplant, relative 

weight, water content, and the amounts of component contents were examined 

comparing with 6 other eggplant cultivars of differing shapes, appearances, 

and components (namely, Torikai, Chikuyo, Kurowashi, Senryo -2, Masumi, 

and Shiro-natsu).  Results showed that the relative weight of Mizu-nasu was 

significantly higher than the other 6 cultivars.  Mizu-nasu tended to have 

high water content, which was significantly higher than Masumi and 

Shiro-nasu. Among 5 cultivars with purple color fruits, anthocyanin content in 

the skin of Mizu-nasu was similar to that of Torikai, but was significantly less 

than the other 3 cultivars (Chikuyo, Kurowashi, and Senryo-2).  Polyphenol 

oxidase (PPO) activity was the highest in Shiro-nasu and the lowest in 

Mizu-nasu. In fact, browning of the flesh occurred in Shiro -nasu, due to its 

high polyphenol contents and high PPO activity. These results suggest that 

Mizu-nasu is suitable for use as a non-heated processed food, such as a raw 

cut vegetable or salted pickles.  
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2. Development of material selection techniques for salted pickles 

 

Minute pithiness sometimes occurs in the flesh of Mizu-nasu, which has 

been an issue.  To differentiate eggplants for the presence of pithiness 

without cutting the fruits, usefulness of X-ray transmission imaging and 

visible/near-infrared ray spectroscopy was investigated.   The results showed 

that X-ray transmission imaging was not appropriate for detection of pithiness. 

Whereas, with the data measured by visible/near-infrared spectroscopy, 

estimation of the presence of pithiness in the eggplant flesh was possible 

without cutting or damaging the fruits, by applying the following discriminant 

function:  Z = −1067 × D2 (712 nm) − 72900 × D2 (832 nm) − 3.793, where 

Z is a discrimination score, and D2 is a second derivative value at 832 nm. 

 

3. Development of stable production techniques for high quality 

Mizu-nasu salted pickles 

 

   In pickling processing of Mizu-nasu, when alum was added to prevent 

color decay, color defect was scarcely seen in the peduncle portion and 

equatorial portion.  However, at the fruit apex portion, co lor defect tended to 

occur because of low contents of anthocyanin after processing.  Infiltrated 

amount of the color-fixing agent into the fruit apex was only 35% that in other 

portions of the fruit.  To improve permeability of the color-fixing agent, the 

surfaces of the eggplants were rubbed using rice hulls before pickling, which 

increased penetration of the color-fixing agent through the fruit skin and 

suppressed the occurrence of color decay.   

 

From these findings, salted pickles of Mizu-nasu is considered to have 

features of attractive appearance and juicy fruit with less browning of the cut 

surface, which makes it tasty appearance.  Also, techniques to reduce the 
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number of pithing in eggplants’ flesh and color decay, especially for a whole 

eggplant pickle, are considered important to provide stable quality of salted 

pickles of Mizu-nasu, a special domestic product of Osaka district.  
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