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Summary

I. Title

Development of continuous chestnut skin peeler for improving its peeling ratio

II. Purpose and Significance

1. Purpose

This study was conducted to determine the physical properties and
chemical components for Korean chestnut varieties and to develop the
prototype of continuous chestnut skin peeler for improving lower peeling
and higher broken ratio of present chestnut flame peeler. Furthermore, this
chestnut skin peeler will be installed in new chestnut processing factories
in chestnut main producing area in order to increase farmer income and

manage their factories effectively.

2. Significance

a. The chestnut is one of most popular nuts in the world. Annual world
chestnut production was maintained at about 450,000 tons in the 1990s.

The main chestnut producing countries are China, Korea, Turkey, and

Italy, which account for 75% of the global chestnut production.

—-10 -



b. Korea is well known as the famous chestnut producing country in the
world. The annual production of chestnut in Korea reaches about
100,000 tons and its cultivating area is 80,000ha. The 30% of total
chestnut production was primarily processed as fresh peeled chestnut
and exported to Japan. This export amount is $100 million US dollar

and chestnut is especially important forest product in Korea.

c. However, in the most chestnut processing factories in Korea, The
peeling process of chestnut was operated by manual works due to the
hard and adhesive characteristics of chestnut inner and outer skin.
Some chestnut peelers were developed but those with lower peeling rate

and insufficient capacity not used yet in factories.

d. Chestnut flame peeler heated by LPG was developed and its peeling
performances were tested recently at Korea Food Research Institute.
Average peeling ratio of this prototype was about 80% and broken ratio
ranged from 10 to 25%. However, Some parts of present chestnut flame
peeler should be improved to produce high quality peeled chestnut and

increase its production.

e. Continuous chestnut skin peeler is one of most important facilities in
chestnut flame peeling process. This enable to remove burned chestnut
outer and inner skin simultaneously after chestnut discharging from
high temperature flame chamber. In this study, the prototype of
continuous chestnut skin peeler was developed and tested with various
chestnut peeling operations to find higher peeling and lower broken

ratio for chestnut flame peeler.

-11 -



III. Scope and Content

1. Physical properties and chemical components for

domestic chestnut varieties

a. Physical properties

b. Chemical components
2. Development of continuous chestnut skin peeler
a. Present chestnut flame process
b. Development of continuous chestnut skin peeler
1) Effect for peeling ratio by pre-treated chestnut sample

2) Characteristics and peeling test for present continuous skin peeler

3) Development of the prototype of continuous skin peeler

3. Basic desgin for facilities in chestnut peeling factory

a. Basic design

b. Main facilities

IV. Results and Recommendations

1. Results

-12 —



a. Geometric characteristics of three-sided images for fifteen chestnut
varieties harvested from 1999 to 2001 year were measured by computer
vision system. The area, aspect ratio, maximum diameter, minimum
diameter, perimeter, and roundness of each chestnut image were

obtained from all aspects.

b. Chemical components of chestnut flesh with ten varieties harvested in
1999 were 58.86 to 66.53% moisture, 0.05 to 0.58% crude fat, 2.73 to
4.68% crude protein, 27.35 to 35.519% carbohydrate, 0.64 to 1.29% ash
and 4.20 to 7.03% soluble sugar, respectively. The weight ratio of outer,
inner skin, and flesh for chestnut samples were 17.9, 12.3, and 69.7%

respectively and their average weights ranged from 16.2 to 22.8 g.

c. Present chestnut flame peeler has main two parts, flame chamber and
continuous chestnut skin peeler. The flame chamber was consisted of
vibrating feeder, rectangular insulating brick, cylindrical flame rotor
attached the screw conveyor inside, VS motor, thermometer, LPG
burner and gas flow rate controller. The continuous chestnut skin peeler
was designed to remove the burmed outer and inner skin of chestnut
after flame chamber. It was consisted of the cylinder with stainless and
silicon bars, sample feeding rotor with frictional silicon plates and VS

motor.

d. To explain briefly the principle of chestnut flame peeler, sample
chestnuts were supplied to the inlet of cylindrical flame rotor at high
temperature, above 700 C of flame chamber heated by LPG bumer.

Skin parts of chestnut were burned quickly within 30 to 40 sec. Burned



chestnuts from flame chamber were moved horizontally by frictional
silicon plates of the rotor. Firstly, the outer skin of burned chestnut
was removed at stainless bars of the cylinder and then the inner skin

was removed at silicon bars.

e. The peeling ratio of semicircular chestnut was 7.3 to 8.0 percent points
higher than that for circular chestnut at 40 and 60 min drying time.
60% of Korean chestnut shape is semicircular and the rest is 30%
circular and 10% flat shape. This result indicates that more efficient
peeling operation for chestnut flame peeler needs the separation of
chestnut shape. the peeling ratio of semicircular chestnut was 7.3 to
8.0 percent points higher than that for circular chestnut at 40 and 60
min drying time. 60% of Korean chestnut shape is semicircular and the
rest is 30% circular and 10% flat shape. This result indicates that more
efficient peeling operation for chestnut flame peeler needs the separation

of chestnut shape.

f. For present chestnut flame peeler, higher flame chamber temperature
increases peeling ratio but higher broken chestnut due to heating the
chestnut flesh are also found. Above 750C of flame chamber
temperature, the peeling ratio of chestnut sample was 91.7% but its
broken ratio was above 20%. With regard to this point, the flame
chamber temperature from 700 to 750C is suitable to obtain above 80%
of peeling ratio and below 12% of broken ratio in chestnut flame peeling

operation.

g. Final prototype of continuous chestnut skin peeler was consisted of 22



silicon bars with 45mm diameter and 900mm length, 38 stainless bars
with 20mm diameter and 600mm length, rotor shifter attached silicon

plates, stainless cylinder cover, VS motor, and frame.

f. For 60C drying temperature and 60 min drying time of chestnut
sample, 720C flame chamber temperature, and 180 rpm rotor shifter of
the continuous chestnut skin peeler, 35 sec discharging time in flame
chamber, the peeling and broken ratio of chestnut sample for final
prototype peeler was 87.2 and 2.7%. it means this chestnut skin peeler

can be used in new chestnut peeling process factories from now on.

2. Recommendations

a. Results for physical properties and chemical components of domestic
chestnut varieties will be used to design advanced chestnut processing

facilities.

b. Chestnut processing pilot plant will be established soon in chestnut
main producing area and this continuous chestnut skin peeler will

contribute to increase the peeled chestnut production greatly.

c. high quality chestnut products such as chestnut puree, chestnut candy,

and marron glace from peeled chestnut material will be produced and

distributed in domestic market as well as overseas export.

—-15 —
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Fig. 2-1. Three-sided(top, side and front) images of sample chestnut
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2. 2343

s

H 2-1, 2-2, 2-39} 9 2-2, 2-3, 2-4& UL % AR FFE A3FH
EAy FAE veld Aot

Table 2-1. Physical properties of chestnut with varieties(1999 year)

variety | section| area(mt) aspect ratio |max.dia.(mm)| min.dia.(mm) | perimeter(mm) | roundness | Weight(g)

front | 657.1%50.1 | 1.22+0.08 32709 254*16 111.1£12.0 | 151%+0.34

Ungi | plain | 10988%475| 1.22+0.06 416*14 333%11 182.1+384 | 251*1.15 19.81

side | 777.9%618 | 1.49+0.09 317*1.2 246*15 153.3£30.2 | 252+1.06

front [580.8 * 54.2|1.25 + 012 315 * 15 24 £ 19 1031 + 69 |145%0.22

Daekuk

: plain | 10006984 | 1.19%0.04 39.0£2.0 320*18 135.0+15.0 |1.46+0.28 16.16
josacng

side | 7147682 | 149%0.1 36*17 23.7%18 113.2+7.7 |143+0.07

front | 758.8+£70.8 | 1.25+0.05 368*21 27115 123.1+11.8 | 1.59+0.17

Ichi | plain |1325.3+102.3| 1.23+0.06 46.1%2.1 363*17 183.8+37.8 | 2.07£08 22.83

side | 9524%795 | 1.55+0.06 42722 268*14 1445+21.8 | 1.77£0.46

front | 651.9t588 | 1.156+0.07 322+%2 26.1*1.6 115£101 | 1.62%0.18

Ipyung | plain |1083.3%£106.1| 1.24*0.0 41.1%2 325*16 142.3+137 | 1.49%0.17 20.95

side | 8234%749 | 1.41+0.09 379*15 26.2+1.7 1265+88 |1.56*0.21

front | 828.7+46.8 | 1.36+0.09 389+1.2 27115 127145 | 158043
Chunda

ejunjos| plain [14104+1147| 1.11%0.05 448+2.1 386+*1.9 186+22 1.98+0.43 21.83

aeng

side | 9153%68.7 | 1.49+0.07 40.7+1.9 268*1.2 139.3£16.8 | 1.71£0.37

front | 7009 582 | 1.31%0.08 36717 254*18 1197483 |164+0.25

Nokjo | plain | 1177.2 71.8 | 1.13%0.05 419*16 357*1.1 1729+36.8 |211+0.94 22.54

side | 8215%764 | 1.47+0.08 388*14 256*1.9 131.8t164 | 1.71%0.44

front | 694.1£719 | 1.27+0.05 345%1.7 25.7*14 117+88 158%0.24

Shinm

yung

plain |1240.2%£140.4| 1.24*0.06 443*2.9 35125 192.8+33.7 | 243+0.75 21.06

side | 8285+982 [ 1.53+0.06 40.2+2.7 263*14 16051284 |254+0.83
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Nokjo
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Ipyung

Eungi

Sinmyung

Daekuk

Fig. 2-2. Chestnut shapes with varieties(1999 year)

Table 2-2. Physical properties of chestnut with varieties(2000 year)

variety | section area(mi) a:;jzt max.dia,(mm) | min.dia.(mm) | perimeter(mm) | Roundness| Weight(g)
front | 548.28+16.73 |1.24+0.07| 30.33£ 1.19. 22.75+0.70 | 101.94+4.41 |1.51£0.11

Ungi plain | 903.38+51.65 [1.1920.04| 37.31+£1.54 | 30.41+0.88 | 126.66+875 [1.401-0.16{19.36+1.21
side | 696.79+£40.73 [1.48%0.06| 35.11£1.16 | 2324090 | 106.40+2.60 [1.26+0.03
front | 560.20+£39.25 |1.31£0.09| 31.22+1.06 | 2245+1.17 | 100.11£4.18 |1.43+0.13

Yuma plain | 956.11£63.17 [1.16+£0.06| 37.43+1.38 | 31.58+1.43 | 121.81+£4.85 1.24im 20.16%2.08
side | 694.69%£52.34 |1.48£0.05| 35.06+1.30 | 23.16+1.01 | 106.03£4.31 [1.29+0.02

front | 570.631+44.03 |1.36%0.09| 32.10t1.13 | 22.39£1.57 | 102.20+5.33 1,46i0,0§ N

Chukpa | plain | 946.80£54.64 |1.12+0.04| 36.83+1.22 | 3L.96+£1.07 | 118.81+4.21 1.19i0.& 19.70+2.30
side | 679.19+66.35 [1.4840.08| 34.62%1.10 | 23.02+1.73 | 105.17+6.27 |1.30+0.05
front | 531.14*37.88 |1.26+0.07| 30.40£1.36 | 22.29+1.16 | 106.49+7.52 |1.71+0.20

Olcwang | Dlain | 795.44£43.83 [ 108005| 34.05+0.95 | 20.93+093 | 12251830 |151+0.20|1685+167
side | 608.61%55.15 [1.31£0.05| 31.12+£1,38 | 22.97+1.21 | 98.10£537 |1.26+0.04
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Chukpa Yuma Ungi Okkwang

Fig. 2-3. chestnut shapes with various varieties(2000 year)

Table 2-3. Physical properties of chestnut with varieties(2001 year)

. 3 aspect . . . ;
variety | scction area(n’) i “ max.dia,(mm) | min.dia.(mm) | perimeter(mm) | Roundness | Weight(g)
ratio

front | 757.13%69.98 |1.60=0.07| 39.42£2.03 | 2463£1.25 | 1041172495 | 1.14+0.02

Ungi plain | 11563110390 1.18£0.05| 41.76+2.11 | 3527177 | 12293%7.15 | 1.0470.04 |23.94+4.01

side | 701.57%£57.74 |1.43£0.08| 35.88+191 | 25107129 | 103.08+4.80 | 1.21£0.03

front | 735.53+97.47 |1.53+0.08| 37.86+2.72 | 24.85+1.78 | 103.39+6.65 | 1.16£0.05

Yuma | plain |1055.44+89.37(1.22+0.09| 40.502.97 | 3322%+1.10 | 11660548 | 1.03+0.01 [24.6912.75

side | 6347114352 |1.38+0.12| 33.46+1.04 | 2428174 | 9853+341 |1.22%0.04

front | 568.46164.85 |1.53+0.07| 3343+2.29 | 21.79+1.09 | 9328£7.00 |1.22+0,10

Chukpa | plain | 889.34+94.69 [1.11+£0.04| 3542%£2.39 | 31.99+1.34 | 107.29+555 | 1.0310.02 |22.70+£3.13

side | b47.98+39.50 [1.4720.06| 3217£1.03 | 21.81£1.07 | 9242+419 |1.26%0.14

front | 594.22+41.64 |1.41F0.08| 32.69+1.32 | 23.30£1.12 | 9632391 |1.24+0.04

Okkwang| Dlain | 898.65+73.92 |1.0820.05| 3522+1.33 | 23.30*1.12 | 108931592 | 1.05-0.05 [22.79+3.68

side | 551.44%59.40 |1.38%0.04| 31.18*£1.73 | 23.82%£1.79 | 9232+481 |1.24+0,08

Chukpa Yuma Ungi Okkwang

Fig. 2-4. chestnut shapes with various varieties(2001 year)




157 84 AR 983 E4E& AF(front), ¥ (plain), & A(side) &
o) 3 wrgko 2 U1 3 (area, mr), aspect ratio, 7 (max. dia., mm),
HAAA % (min. dia, mm), ¥FE ¥ (perimeter, mm), ¥ ¥ % (roundness) 5%
A AT AL el AuEe] WA Yo 531.1+37.9~828.7+46.8 mf
o, HH, FW ASE A4 79541438~1410411147, 5480395~
01531687 wr= YEMTE Aspect ratio® ABWIE HHE 1.15+20.07~1.60*
007 Jeov HA, e 7S 27} 1.08+0.05 1.24£0.06%th HNFHY A
AdrgE {9 E 3033+£1.19~3890+£1.20 mmlen #HW, ZdWe A 47
34.05£0.95~46.10+2.10, 31.12+1.38~42.70£2.20 mm@Act. #HA2Z 7] AA}
3 Hee 2229%1.16~2710%1.15 mmA e HH, FH H
+1.12~38.60%£1.90, 2297£121~2860%11.20 mm&tt LF=d AALE
HeE 96.32+£391~127.0+145 mmPLe™ HH, FH B4 Z}zF 107.29*
5.55~192.80£33.70, 92.32£4.81~1605+284 mmct. Y=o HALIL
A+ 1.14£002~1.71£0208 29 HHYE, SH9 A% 77 1.03+0.01~243+%
0.75, 1.21£0.03~254+0.832 ebsich

J])I-

A2 A ol5EE 4R
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2. 48y

7 duRE B4

B AR Bge ¥, 2U99E, =AW 283 & FFE AOAC
B ol &3 AU

i} 33 % 3E 24

8 A8 #89 &% %S Phenol-sulfuric BHE o] &3t 43
o B o]g® AEE HAKE ZotA UAFE 80% g Fdo=
ZZ3d o]gstAtt AW Ag ImlE ANFH] ¥ 5% FHE £9 1m],
A% A 5mlg ¥ 1083 BA AR F vortex mixerg AHE&3te] & 49
Fth 25-30Ce F2FFA 2087 AXAN F 490nmolM FFEE
spectrophotometer& Al-§3l9] &Astn BFE HFF Fdd FH &3t FF9
TFFE AddsAn. & AR 489 2L FEE BEH71E ol&std E4F
HaEFS N8R 39 dEAE o]83tod FAFA

o 5% 4

¥ AR EEUR 2048 Adsel 93, uu, Hsoz pHE I 2
F9e 2A%9 FFuE 2AHAL

o

FUAE 9o E2E z2ZJZE £A37] A8t Texture analyzer(XT.RA



Dimension, stable micro systems, England)& ©¢]&3l« Table 2-4¢ &
Z7 22 punture testE HAAF #Heo] FxE SAHSAY. Algse Jd93¥e
2 1578 HIR2 FAHAAE Hod ZEUAE FAENen BAEAS
AAeto] FA AR

Table 2-4. Conditions of texture analyzer for firmness analysis on

chestnut
Index Condition

Mode Measure force in compression
Option Return to start
Pre-test speed 1.5mm/s
Test speed 1.5mm/s
Post-test speed 10.0mm/s
Strain 60%
Probe diameter 3.0mm

3. 4843 % 1%

® 2-5¢ ¥ AEE ddA4ES JE Aot ¥ A8 FEFFES
58.86~66.53% A 1L, 2N AL 273~4.68%, =AY #FFL 0.05~058%, &
T ETFL 27.35~3551%, B EFEFS 064~129%2 EIRNTL



Table 2-5. Proximate composition in edible portion of chestnut varieties

(unit : %)

Variety Moisture Crude protein Crude fat Carbohydrate Ash
Ungi 63.80 3.12 0.17 32.23 0.69
Chukpa 62.16 3.37 0.35 32.68 119
Okkang 63.57 3.24 0.14 32.41 0.64
Yuma 63.69 2.73 0.05 32.76 0.77
Ichi 66.53 468 0.28 27.35 1.16
Ipyung 58.86 3.76 0.58 35.51 1.29
Daekukjosaeng 62.75 3.63 0.37 32.29 0.96
Chundaejunjosaeng  62.68 3.65 0.31 32.63 0.73
Shinmyung 64.24 3.20 0.40 31.17 0.99
Nokjo 65.63 3.16 0.44 30.02 0.76

. 5% 2 g% 24

3% ¥FLE &7 FFol 2 TFo) JHF Aot 42%H 3 AFH oJH FF
o] Z+7zt 11.83, 11.08%=2 ¥Fo] ¥L Aoz JYeint FFE FFL X
2-63 o}, W ANge EFdE JFEE E2-78 2ok BT 190~252%=
o)y FF9 Aol 1 B=7F 7H =A vEsth

—32 —



Table 2-6. Total soluble sugar content of chestnut varieties (unit : %)

Variety Soluble sugar
Ungi 4.20
Chukpa 7.03
Okkang 5.74
Yuma 6.44
Ichi 10.70
Ipyung 11.08
Daekukjosaeng 9.78
Chundaejunjosaeng 10.78
Shinmyung 11.83
Nokjo 10.86

Table 2-7. Sugar contents of chestnut varieties (unit : %)

Variety Sugar content
Ungi 19.0
Chukpa 23.6
Okkang 20.9
Yuma 22.3
Yichi 20.6
Yipyung 25.2
Daekukjosaeng 24.2
Chundaejunjosaeng 245
Shinmyung 24.8
Nokjo 23.3

. 33 24

FUA 3 Alge U3, 93, #5e) FFEE BT 1792 ¢ 1234 : 69.742
Uetsten(ag 2-5) 3N % s}t g HrHE FEoE
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2 o of 30%7t%Fe] HIHE Aoz EAMHUY
162~228 gATH&E 2-8)

W EFFE AT FAs

Nokjo

Ipyung

lehi

Shinmyung

Chundaejunjosaeng

Daekukjosaeng

Yuma

Okkang

Chukpa

Ungi

{Ilnner shell I
|
:DOuler shelll-

| mFiesh

Figure 2-5. Weight ratio with part of chestnut varieties

Table 2-8. Weight of chestnut varieties (unit : g)

Variety weight
Ungi 19.81
Chukpa 17.16
Okkang 19.80
Yuma 20.19
Daekukjosaeng 16.16
Chundaejunjosaeng 21.83
Shinmyung 21.05
Yichi 22.83
Yipyung 20.95
Nokjo 22.54
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% 247 24

FUY P ARY FF3Y AEE 24 2%E E 2-9% 2ok oA ¢
BAEE 27] FF0] 9196192 te FF vl 4353 A deERz

FE FFL 5000g Y9 gE BRon HA

¥ =
=

o] 4412.86g% 7%

Table 2-9. Texture analysis of chestnut varieties (unit: g)

Variety Hardness C. V.
Ungi 9196.19%755.70 8.22
Chukpa 5167.18£607.78 11.76
Okkang 5253.651+420.37 8.00
Yuma 4888.71 £506.36 10.36
Ichi 5860.54 +647.68 11.05
Ipyung 6535.39£733.95 11.23
Daekukjosaeng 5465.64+631.46 1155
Chundaejunjosaeng 5252.42+558.50 10.63
Shinmyung 6109.47 £722.82 11.83
Nokjo 5453.42 £560.58 10.28
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Fig. 3-9. Shapes of Sample chestnut (variety: Yuma)
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Moisture content(%)

10
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Drying time(min)

Fig 3-10. Changes of moisture content of chestnut outer skin with
various drying times
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Fig. 3-11. Peeling ratio of sample chestnuts with different shapes on

various drying times
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Fig. 3-12. Present continuous chestnut skin peeler
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Fig. 3-13. Prototype of chestnut flame peeler
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Total number of sample chestnut

= Number of broken chestnut

Nb
Nt

Broken ratio (%) =( Ny / Ny) * 100
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Table 3-1. Peeling and broken ratio of sample chestnut with various flame

chamber temperatures

Flame Number of chestnut with . . .
Exp. . . Broken ratio |Peeling ratio
chamber | peeling condition
.| time (%) (%)
temp.(C) 100% | 80% | 50% | 0% | Total
1 15| 4 7 |16 | 42 | 160|150+ 5L [eo 1+
600 2 10 5 |10 |2 4 |100 422
3 | 18| 8 | 11 |11 48 | 40 | 80 [623]| 1O
1 20 | 8 [ 12 | 5 | 45 [ 100 |50+ | 720 |1agy
650 2 23 8 9 3 43 | 14.0 78.8
3 | 22| 4 | 12| 6 | 44 |120]| 20 [709| 43
1 256 | 2 | 10 | 4 | 41 [180 |1504| 771 |14
700 2 38 3 4 2 47 6.0 90.2
6.0 79
3 | 26| 5 7 1 6 | 44 | 120 76.1
1 35 | 4 2 | 0 | 41 |180 |gg74| 956 |g 7
750 2 | 3| 3 2 | 3| 43 |140 89.3
3 | 29| 2| 2| 2|3 |300]| % [903] 34
100
90 |
* 80
k)
E 70 4
E) 60 1 —@— Broken
o 506 —O— Peeling
L0
o3 40
£ 301
o 201
n_ +
10 r — I
01 : :
600 650 700 750

Flame chamber temp. ('C)

Fig. 3-15. Peeling and broken ratio of sample chestnut with various

flame chamber temperatures
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Fig. 3-16. Peeling and broken ratio of sample chestnut with various
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frictional chestnut skin peelier.
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Fig. 3-19. Design of 1st prototype of continuous chestnut skin peeler

Fig. 3-20. 1st prototype of continuous chestnut skin peeler
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Fig. 3-21. Design of 2nd prototype of continuous chestnut skin peeler

Fig. 3-22. 2nd prototype of continuous chestnut skin peeler
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Table 3-2. Peeling and broken ratio of sample chestnut with

various flame chamber temperatures

Flame Number of chestnut with . . .
Exp. . . Broken ratio|Peeling ratio
chamber | . peeling condition
| time (%) (%)
temp.(C) 100% | 80% | 50% | 0% | Total

1 12 9 19 | 10 | 50 | 0.0 57.40

1.33% 58.01
600 2 10 8 23 9 50 | 00

231 |28 1057

3 14 9 16 9 48 | 4.0 60.83

1 14 7 21 6 48 | 4.0 62.71
533+ 58.35

650 2 13 5 20 | 10 | 48 | 40 56.25
2.31 +3.78

3 11 6 20 9 46 | 8.0 56.09

1 23 5 15 4 47 | 6.0 73.40
4.00x 65.45

700 2 13 16 10 8 47 | 6.0 65.53
3.46 +8.00

8 6 14 23 7 50 | 0.0 57.40

1 24 8 14 3 49 | 20 76.33
3.33* 73.57

750 2 22 7 13 6 48 | 4.0 71.04
1.15 1265

3 20 9 16 3 48 | 4.0 73.33
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Fig. 3-24. Peeling and broken ratio of sample chestnut with

various flame chamber temperatures
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Fig. 3-25. Peeling and broken ratio of sample chestnut with

various rotational speeds of roto shifter in the

continuous chestnut skin peelier.
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Fig. 3-26. Peeling and broken ratio of sample chestnut with

various drying times
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