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Easiness of Pellicle Removal and Processing Suitability
of Hybrids between Japanese and Chinese Chestnut

Masanori Mivazaki, Masakazu Oku,
Hiroshi Sato and Toru Takahashi

In order to breed a chestnut with easy peeling of pellicle and processing suitability,
189 hybrid trees from crossing between Japanese chestnuts, which are difficult to
peel, and Chinese chestnuts, which are easy to peel, were grown and the characteristics
of their fruits were investigated.

After removing the shells with a knife, the pellicles of the fruits were peeled by
water jet from a high pressure cleaner. The fruits treated were classified into 4
groups according to a degree of peeling:

@ Fruit without any pellicle, which was completely peeled off.

(2 Fruit with pellicle of several small spots.

@ Fruit with pellicle under 10% of surface.

@ Fruit with pellicle over 10% of surface.

The peeling percentage(%) was expressed by the following formulas:

{(®+@)/(O+@+@+@)} x 100.

The pellicles of fruits of many hybrid trees were peeled easily, but the most of
the peeled fruits were very hard and broken easily after cooked in syrup.

The fruits of many hybrid trees had the characteristics of high peeling percentages,
and large specific gravities, which were the same as those of Chinese chestnuts, the
pollen parent.

A significant correlation coefficient was exsisted between specific gravity and other
characteristics of the fruits. When the peeled fruits with specific gravity under 1.09
were cooked in syrup, they were very soft and difficult to break.

The hybrid trees with peeling percentage over 80% were classified into 5 groups
according to a degree of specific gravity. 4 lines, No.62, No0.92-2, No.160 and
No.211, in the first group with specific gravity under 1.09, were selected as the
desirable hybrid trees.

Key words : Japanese chestnut, Chinese chestnut, crossing, hybrid, pellicle, peeling

percentage, processing suitability, fruit in syrup, softness, whole fruit
ratio, specific gravity.
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Fig. 2. 5 steps evaluation of color on

Fig. 1. Degrees of peeling easiness of pellicle chestnut [ruits cooked in syrup.
from chestnut fruit. At Bright yellow (5 points).
At Fruit without any pellicle. B: Yellow (4 points).
B: Fruit with pellicle of several spots. C: Yellow-brown (3 points).
C: Fruit with pellicle under 10%. D: Brown (2 points).
D: Fruit with pellicle over 10% . E: Black (1 points).

Table 1. 5 steps evaluation of chestnut fruits cooked in syrup.

5 steps Degree of whole Softness Color
fruit ratio
% of whole fruit

5 Over 90% Very soft Bright vellow
4 80~89 Soft Yellow

3 70~79 Fairly soft Yellow-brown
2 50~69 Hard Brown

1 Under 49 Very hard Black
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Table 2. Fruit characteristics of hybrids between ‘Ginyose’ (J)*'X Chinese chestnuts.

Raw fruit Fruit in syrup*®
Conibinatian Tree No. Peeling Fruit Specific  Degree of Softness  Yellow
percentage  weight  gravity whole fruit color
%) (g) ratio

Ginyose(]) X Hoji-480(C)*? 2 94 15.3 1.12 2 3.5 3.5
Ginyose(]J) x Hoji-480(C) 25 83 21.5 1.23 1 1 1
Ginyose(]) x Hoji-480(C) 26 19 14.3 1.16 2 1 2.2
Ginyose(]) X Hoji-480(C) 27 83 11.6 1.12 4 2 2.8
Ginyose(]) x Hoji-480(C) 28 78 17.3 1.08 4 3 1
Ginyose(]) X Miyagawa-100(C) 4 84 13.5 1.10 3 3 3
Ginyose(J) % Aioi(C) 6 68 14.3 1.14 3 2 2
Ginyose(]) % Aioi(C) 7 85 13.3 1.12 4 3 23
Ginyose(]) % Aioi(C) 9 100 10.9 1.13 4 3 29
Ginyose(]) X Aioi(C) 11 62 12.8 1.17 2 2 1.5
Ginyose(J) X Aioi(C) 14 89 13.1 1.09 4 3 2.7
Ginyose(J) x Aioi(C) 164 41 11.3 1.17 1 2.5 3
Ginyose(J) % Aioi(C) 165 73 9.4 1.17 1 2.5 3.5
Ginyose(]) X Aioi(C) 166 30 12.1 1.17 1 2 3

*'(]): Japanese chestnut.  *?*(C): Chinese chestnut.  *' 5 steps evaluation.
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Table 3. Numbers and fruit characteristics*' of hybrids selected.

Combination No. of No. of fay ik Frah i yeup™
total hybrids Peeling  Fruit  Specific  Degree of  Softness Yellow
hybrids sclected  Percentage weight gravity  whole fruit color

(%) (g) ratio
Ginyose(])* X Chinese chestnut 37 14 88 14.2 1.12 2.7 209 2.8
Tanzawal(]) X Chinese chestnut 32 14 87 13.1 1.12 2.9 2.5 24
Gosha(]) X Chinese chestnut 10 5 95 15.3 1.09 4 2.2 1.9
Akachu(]) X Chinese chestnut 8 2 86 14.2 1.14 1 2 2.7
Arima(]) X Chinese chestnut 10 4 100 12.9 1.12 2.2 2.5 2.2
Tbuki(J) X Chinese chestnut 11 3 84 13.5 1.13 1.3 2.3 2.4
Ishizuchi(]) X Chinese chestnut 13 2 93 15.3 1.12 2.5 2.2 2.8
Yoro(]) X Chinese chestnut 10 5 90 12.2 1.12 2.2 2.4 2.6
Tukuba(]) X Chinese chestnut 13 5 95 13.1 1.10 4.2 2.9 2.2
Otomune(]) X Chinese chestnut 16 1 100 15.2 1.15 1 1.5 3:5
Hayashiamaguri(] x C)** x Chinese chestnut 27 8 79 13.3 1.15 1.1 1.6 2.8
Hakuri(J%C) X Chinese chestnut 2 1 94 126 2113 1 3 2.9
*! Scores of characteristics mean averages of those of hybrids selected.
*2(]): Japanese chestnut.  ** (JXC): Japanese chestnut X Chinese chestnut.
15 steps evaluation.
Table 4. Differences between peeled fruits and cut fruits on specific
gravity and broken fruit ratio.
Boil at 95T Fruit in syrup®®
Cultivars Peeling Specific Time  Broken fruit Softness
or cutting gravity ratio
(Minute) (%)
Ginyose(J)*'  Peeled fruit 1.05 40 30 4
Cut fruit ** 1.03 15 0 4
Outside layer of fruit 1.08
Hinoharu- Peeled fruit 1:13 60 82 2.5
guri(C)*? Cut fruit 1.12 20 27 25
Qutside layer of fruit 1.15
Na154(JxC)**  Peeled fruit 1,12 60 75 3
Cut fruit 1.1 20 38 2.5

Outside layer of fruit 1.14

*' (I): Japanese chestnut. **(C): Chinese chestnut.

*1 (JxC): Japanese chestnut X Chinese chestnut.

** Pellicle and outside layer (3~5mm in thickness) of fruit were removed with a knife.
*$ 5 steps evaluation.



Fig. 4. Cracks on peeled chestnut fruits.
A: Cracks on the surface. B: Cracks in the inside.
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Table 5. Correlation coefficients between 6 characteristics in 37 hybrids
between ‘Ginyose’ (J)*!'% Chinese chestnuts.

Raw fruit Fruit in syrup
CHaracteristics Fruit Specific Degree of Softness Yellow
weight gravity whole fruit color
ratio

Peeling percentage 0.158 —0.420**? 0.425%* 0.490 ** -0.049
Fruit weight -0.121 -0.325*2 0.005 -0.191
Specific gravity —0.345%* =0.534 ** 0.019
Degree of whole fruit ratio 0.072 -0.384%*
Softness 0.374%

*1(J): Japanese chestnut.  ** Significant at 1% level.  ** Significant at 5% level.
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Fig. 5. Relationships between specific gravity and other characteristics
of hybrids between ‘Ginyose' (J)** x Chinese chestnuts.
*1 5 steps evaluation. *2(J): Japanese chestnut.
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Fig. 6. Frequency distributions for peeling percentages and specific gravities
in parent chestnuts and their hybrids.
* (J): Japanese chestnut.

Table 6. Broad-sense heritabilities for peeling percentages and specific gravities
in hybrids between ‘Ginyose’ (J)* X Chinese chestnut.

Characteristics Parents and No. of Mean Standard Midparent Broad-sense
hybrids trees (%)  deviation  value heritability
(%) estimated
Peeling Ginyose(]) 11 11.909  13.04
percentage  Chinese chestnut 17 83.335 18.71
Ginyose(]J) X Chinese 37 72.351 22.80 47.62 0.499
Specific Ginyose(]) 11 1.075 0.0314
gravity Chinese chestnut 17 1.148 0.0221
Ginyose (J) x Chinese 37 1.142 0.0330 1.111 0.330

*(]): Japanese chestnut.



10

i L, —iEhE» S ERMCH T 5 00, FOFHHIE72.3% T, FHEoOBEE47.6
XEBale. KBEOWRENNE0.499T, FRETH 1.

RECB LT, BARZ VIMEREN CESH1.075), hEZ ) 3ELEd CE(tl.148)
i Lic. MRERPMEZRLELDLH o0, F0OLTEY Y ORI SG L, *+
DOF(EEL. 142, WHOPBRMEL 1115 0 50 - 2. BIENI20.330T, PREELBbhi-.

LlEdnb, AERZY XGRS ) ORISR HEOBE 7 ) O g & & b iSikol
FHLHAZIID2T UL Ehd - 7.

8. EHERHKDOEEMEA

Table 5705, {EHCEMEMMRIIN TEMES BT 5 THREOE 2 EDRMERT. Tk
DHETAE L 221898 D 5 B L1, 09LL F OMERli$ % Table 7 iRk L. HHE1.09L0 F it 20k &
YETHY, Fig. 6 ORRE—F LI, Z029D 55, YIEES0%LLE, PR3 S0 -,
Kome 3 mb LizThXhleh, 208, 168fcah, chbirhkhEuERTH-T,
Table 5 OF & —F Lo

o, BEETHHIBER0%LE, MARERE3 AL, KoM E 3 AL oL TE AT
HHHE 8 M B 7. Z 8B DFARIT LMD 4 % T, MO TEWHIETH 50, i
1.09LAF D298l b A B &, FiWFE4R (28%) TH o1,

PEhd, BOTEGCHETIEIDSSH, REOLEL.0LLTOHM, S BB L T2 ELHT
HRHEBILTHENTESLEB 2 1.

Table 7. Numbers of hybrid trees with specific gravity under 1.09.

Characteristics Numbers of hybrid trees (No.)
Specific gravity Under 1.09  Under 1.09 Under 1.09  Under 1.09  Under 1.09  Under 1.09  Under 1.09
Peeling percentage Over 80% Over 80%  Over 80%  Over 80%
Degree of whole fruit ratio Over 3 points Over 3points Over 3 points
Softness Over 3points Over 3points Over 3 points
29 16 20 16 14 9 8
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Table 8. Hybrids between Japanese chestnut x Chinese chestnut classified into 5 groups.

Group Combination Tree No.
The 1st group Tanzawa(J)*! X Aioi(C)*? 62
Peeling percentage: over 80% Tukuba(]) X Hinoharuguri(C) 96-2
Specific gravity: under 1.09 Yoro(]) X Aioi(C) 160
Gosha(]) x Hinoharuguri(C) 211
The 2nd group Gosha(]) X Aioi(C) 39
Peeling percentage: over 80% Tanzawa(]J) X Aioi(C) 58
Specific gravity: 1.10-1.12
The 3rd group Akachu(]) x Hinoharuguri(C) 71
Peeling percentage: over 80% Ginyose(]) X Ajoi(C) 151
Specific gravity: 1.06-1.12 Ibuki(]) X Hinoharuguri(C) 230
The 4th group Tukuba(]J) X Hinoharuguri(C) 56
Peeling percentage: over 80% Tukuba(]) X Aioi(C) 65
Specific gravity: over 1.13 Tukuba(]) X Aioi(C) 119
Tukuba(]) X Aioi(C) 120
Tukuba(J) X Aioi(C) 86
Tukuba(]) X Aioi(C) 173
Ishizuchi(]) X Hinoharuguri(C) 121
Kuragakiginyose (J) X Aioi(C) 22
Kuragakiginyose(]) X Aioi(C) 147
Ginyose(]) X Ajoi(C) 166
Hayashi-amaguri(Jx C)**x Hinoharuguri(C) 189
Hayashi-amaguri(JXC) * Hincharuguri(C) 217
Hayashi-amaguri(JXC) X Hinoharuguri(C) 251
Hayashi-amaguri(JXC) % Ajoi(C) 224
Yoro(]) X Aioi(C) 158
Yoro(]) X Aioi(C) 159
Ibuki(]) X Hinoharuguri(C) 179
Akachu(]) X Hinoharuguri(C) 73
Otomune(]J) X Hinoharuguri(C) 206
Hakuri(JxC) X Aioi(C) 200
The 5th group Kuragakiginyose(]) X Aioi(C) 21
Peeling percentage: over 80% Ginyose(J) X Hoji-480(C) 27
Specific gravity: 1.10-1.16 Gosha(]) X Aioi(C) 36
Tanzawa(J) X Aioi(C) 45
Ishizuchi(]J) X Hinoharuguri(C) 122
Arima(]) X Aioi(C) 128
Hayashi-amaguri(JXC) x Hinoharuguri(C) 193
Hayashi-amaguri(JxC) % Hinoharuguri(C) 195
Ibuki(]) X Aioi(C) 210

*1(J): Japanese chestnut. *?(C): Chinese chestnut.

*3(JxC): Japanese X Chinese.
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4) REWFHOMBIRE D S, REOIIR L HIE, HBERAORELRE, Kor XL
IR HBIBER A2 B, HIREL. 0980 F o gz klhic < <, ke Wl s - 7-.
5) HL{OLHBORRBPHRE L VTS D »7e. ChbOBERIEGBOGE S Y &
FALTaYH, EBBrLHBAS NI EEL LR,
6) FIBHE80H LA LR —SGELL, oA LI HTORENS 5 BcBLE. B1
BEOJIBR80% LA E, HEI1.09LLF 4 Fife (Na62, Na92-2, Nal160, Na2l11) i}, HEHDS
FARIT, BOVATLOEBRAHES L. Lh L, ST ~EMES-T 3.
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