G IIIZ2(J. Taiwan Agric. Res.) 55(4):234~249(2006)

AT TR Gh B 2 A A
MERE RS BB X’ REB T
B =

@%EB% ~ %@Q% ~ ?ﬁ%ﬁ@ N %i%ﬂ%{? ~ EE‘I%:?}T > 2006 o Eﬁﬁ%gﬁ*ﬁﬁﬁi@%ZEH@ . é@}%
SEISE 55:234~249 o

AHSE B AE BAT TR B A% - DU DR IR & T AT T SRR 2R B ]
A BN T RHEAEERA © CSepid TR AT L - 12 Bl A e
HEFVRIZERIAR « PORICHE ~ WE/EES » HORRHE SR E SR AR - AR BRI AT i
AL IR RS R R IR 107 rpm. (BRGATE 0.59 m/s) ~ MERHHGRTEE] 23 rpm (£
I 0.06 m/s ) ~ BRIEE 20 mm EIBRIAEERIE 3 mm > EARIRITRL & (ESEERE D HIRS
BT 92.7% ~ 185 0% ~ RITIHK 3.2% SBT3 4.1% ; MIEHESGEIRERMRE
aF o fiEERH £ 16X 16 mm > KOHIBNEATHEOKR © e B ESERET 1% 9.1 kg/hr > 73
B A TR B3 T Y 2.4 fEBLJEHZE THY 5.9 15 -

BESEED : i T - kiR

[l

Bl

WA T BN E Rl (Boraginaceae ) Wi AR T8 » B4 cordia dichotoma forst, f. » JL4
cummingcordia, Sebastan Plum Cordia » JlI44H+ ~ 811 ~ BERT » BEFAET NG REGER -
JREEARIEIR R ~ fai - VRIS Bt B k5~ FhEIRRE ~ JEEE - EAkpEE
FIRE ~ S50 SR Rn S « SRR 53 RS 3 TEIRNAT ~ Pl ELRBAT ~ Ty EmseA ~ IRIZERAT ~ BaAEhY
AT~ BERAAT B ERAT R G (RFERIBR E1o SRR R B f e » iR il AR B S At
T FARBEBI AR - — 2 P AR RS SB—REER (1~2 AR %55 fefht 2
~3 HRBIRE O OO/ NME - BI{ERFERN R TS - EHHET (4 HiE) 1R85 %% -
6~ 7 HMSRE R ERE R EE S RIRBGHET » SRR REE (3F) 1T > FEAES )RR
BNV EVERAT T REE IR IN L0 - RE EMEEE - NETE R EPL R BB
SEERE - BEFE - M U5 B 88 HEAEEA - B2 HBERE - BEBESHEERSGEOTRE
FERES ¢ B 3.5~5% ~ MK 4.0~4.5% ~ B4 7.5~ 9.5 °Brix ~ HFEH5 8.5~ 11.0%Ei
K5 T0~75% -

1. ITBE AT By R BT SRS 55 2271 5% - B2 HI - 95 FF 10 H 15 H -

2. KRR TR S ~ A9t ESREE - BIFIsE B - A9t E - 218 ZhiR ZIE -
3. AFTREZHEENE A - 23 2R FE -

4. SBIEH » BTENE © jrtsay@wufeng.tari.gov.tw 5 {EHEE © (04) 23325144 -



WAG Tk AEsE 235

—ARERBAT TR PRI IR » —E B PR ORI S (o P I TR it 7 AT IR » AT T B BE
BEr R R R > RGEE BRI —  Bkskarn] AZE SR EIREE - 1Rl
o FREE - T2 ' BN REIRE > Bl o etk o g R By A4 I
N TH M foA A2 E RS (R A RIAREE ERyS: G iait) RIRgRlT HRE R
T HAR R EEIZREE -

UTEEAPEEASTERLIN > (ARSI T - R R R > B T-FS2H e HAEEthEERT
ERVENL > LB R RG] R ERES - EEREH RIS ERRREZMR, - &
(RGBS AR > RS IAE g N - HATE BT TR e i 8% (Huang &
Tsay 1999) » IRMKIEFE AR EILBGURGFIARIREZEAIRA ] (AT TIICRD At Redn 3t
TR 400~500 A (RFAHESR 12,000~20,000 kg) » HES A S R/ - e ~ &
s R~ BRI BB - AR ~ 1T~ 80~ Il ~ Mgl IR B 2 R
FERAESE ~ B A HRESEMIG I HA A MR AT ~ Bl - S - SRR R
Pril<een > JREA RS e Rt SRR E R O 2 E -

WA T e KR B IRDUR BN TRESEHAT 7. GREREUSERES >R ->E R Gk
) — ek -1 All-> B2 A~ (1 20C ) ~ Bn 18 (ViR ER R
B> H oAl - EE—RE R -0 - B2 e ) - iR B S R - B

3o BRAEEN - B CIRELG IR A DRSS HARRAME AL RS i R E — Rk T
KRR N RE (AR N R E rhE sk o s Tl e das ) MRS E BRI 1 A HhIt -
AHFFE H I ES RS REAT ok Bt - DU A TR R RO RTRE  PREFE A THh » SRR
FERRAR

MBI T

BB ES fi

kBT RE A iRt +5 FUDOH NRM-2002J BURLEPEHERE (RHEO METER, Kogyo Co., Ltd,
Tokyo, Japan ) EZfHENCH-~ METTLER LI16 AU /KIOEIERE TFE (Mettler-Toledo AG, Greifensee,
Switzerland > &5 0.001g )~ Minota® Chromameter CR-200 ( Minolta Camera. Co., Ltd., Osaka, Japan) *
PRI ~ FIIFRSER ~ WA R RO G 455 -
A4 B SRR st R

PR T (G ~ 7o Eshs - BB e 2 I RRFRIESE -
AR ST EA R DA

TRATT 5~ SRR MR A BRI E © DIREE YT RE R S A ERRAEC A - e TR L ()
JRANGE > MEHARREEE AR ~ R - EES - LERK - FEEK - FR R SR & A
BRANT - (RLLETTHG T AT - W — TG N T AHBR Sl

FRATT - SRR (R LA A, © IR R B R AR (R IRAL ) ~ MERGAR (23 ~ I3
R (BEHEfkG) FOREEE (EfkE) > 1622, Minota® Chromameter CR-200 43714 SR TE i B fH]
EHETTIROHNE » REOLDIOME L ~ a* 2 b*RoR > LARIEE(E (lightness ) » a*fUERALFR(H » b*UFk



HEEME - L{EHE 0 (GRE1) ~100 (H{) L EREFORR OIS - aMEIERFoNMRILE > BfER
Ak o BMEIERFFOR R (> BEFORRE D (Liu & Peng 2002) -
ek A BLETAUS, © S REAT TR ~ PG~ BRI SRR M L B TR B L -
PIGERELIEREIIE - SFERRRELR Al Bt T TR B BB M RE L IR, -

®w =R

RS RANMAREEREN (B DAE

WA RIS 02 AT -2ttt o (58 DR B M e A R AHRRBC A > DL 2 em/min o2 I HE
TTHAT T2 SRR E (AiE 1 AR AR SERER B 1B alE 2 Fiow - ARSFHE -
HERELE TR RASH] > f7A T (FERERE  SRELE - sk - sl CllAn 1590
RSB EANE 1 s -
IKmFRAGEENAERE

R H R B E R (2IRALE) ~ MERGRE (EEM) - IRPR (EEk) SORFEERE

(Efkt) > il Minota® Chromameter 53311~ 5k THIA S HBEET T EMEHIE » HIEFSRASHE A

TR THME LS &~ EfEd12 2 BilfE 3 Fios o
B TR R

G AR AT TR A% S R0 (B AR ~ BB AR ~ M HERRR KA R Bil
KRR R B ME R B R Y ) ~ KRR X, (& 2RI HE R KA ) BRiRE= (S g
HeAR BB - BEAHREE B ARMES Y ) 55 (Tsay ef al. 2005) < 3% iff ELIE VG 7.2 A BEAHKE
1R B AR B AR A b e aR A A | -

LAt I

RHEO METERY

L. WA TR EE D () B2k () -
Fig.1. Tensile testing (left) of Cordia Dichotoma fruit (right) from their stems.
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Boxplot of Detaching Force vs Color
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Fig.2. Detaching force of Cordia Dichotoma fruit from their stems at different fruit color stages.
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Table 1. Characteristic parameters of Cordia Dichotoma fruit

SE St

Parameter Mean mean dev Var coef Min. Median  Max. Range

Combined color
Fruit long diameter 13.2 0.20 1.25 9.45 9.5 13.5 15.0 5.5
Fruit short diameter 10.5 0.14 0.86 8.13 7.5 10.5 11.5 4
Fruit weight 1.16 0.04 0.28 24.16 0.37 1.2 1.66 1.29
Fruit cup diameter 10.3 0.11 0.71 6.90 8 10.5 11 3
Fruit cup height 4.0 0.07 0.41 10.24 3.5 4.0 5 1.5
Stem diameter 1.8 0.04 0.23 13.02 1.4 1.8 2.1 0.7
Stem length 20.5 0.55 3.48 16.95 14 20.0 31 17
Detaching force 289 12.0 75.9 26.27 180 280 440 260
Yellow
Fruit long diameter 13.4 0.14 0.79 5.88 11.5 13.5 15.2 3.7
Fruit short diameter 10.7 0.10 0.57 5.33 9.5 11 12 2.5
Fruit weight 1.21 0.03 0.19 15.76 0.75 1.20 1.70 0.95
Fruit cup diameter 10.5 0.07 0.39 3.67 9.5 10.5 11.0 1.5
Fruit cup height 42 0.08 0.45 10.71 3.5 4.0 5 1.5
Stem diameter 1.9 0.06 0.35 18.57 1.2 2.0 2.5 1.3
Stem length 19.7 0.71 4.09 20.77 10 20.0 28 18
Detaching force 287 15.99 91.9 32.01 160 280 500 340

Green
Fruit long diameter 13.0 0.17 1.01 7.78 11.0 13.0 15.5 4.5
Fruit short diameter 10.6 0.07 0.44 4.18 9.5 10.5 11.5 2.0
Fruit weight 1.12 0.04 0.22 19.49 0.69 1.10 1.76 1.07
Fruit cup diameter 10.4 0.09 0.52 5.04 9.0 10.5 11.5 2.5
Fruit cup height 3.7 0.05 0.31 8.38 3.0 4.0 4.0 1.0
Stem diameter 1.7 0.05 0.28 16.14 1.0 1.8 22 1.2
Stem length 18.4 0.53 3.20 17.37 13.0 18.0 26.0 13.0
Detaching force 319.7 13.07 75.9 24.87 120 320 480 360

* Parameters were expressed by mm (millimeter), except the fruit weight and detaching force which were expressed
by g (gram).
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Table 2. Color difference values on top and side of Cordia Dichotoma fruit
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Color of fruit peel Mean SE > Var coef Min. Median  Max. Range
mean dev
Fruit top
Rose pink L scale 64.86 0.51 3.22 4.96 55.93 64.60 69.57 13.64
a* scale 9.29 0.30 1.89 20.36 5.92 8.91 13.10 7.18
b* scale 22.14 0.26 1.62 7.30 18.84 21.91 26.39 7.55
Yellow L scale 65.56 0.55 3.47 5.30 54.05 65.52 70.56 16.51
a* scale 8.33 0.34 2.13 25.60 5.01 8.64 13.15 8.14
b* scale 22.74 0.25 1.60 7.04 19.84 22.63 28.16 8.32
Lemon L scale 69.33 0.26 1.65 2.38 64.13 69.65 71.36 7.23
yellow a* scale 5.24 0.39 2.48 47.33 -1.92 5.19 9.50 11.42
b* scale 26.53 0.53 3.38 12.72 20.92 26.41 35.66 14.74
Green L scale 64.70 1.05 4.71 7.28 52.97 64.65 69.97 17.00
a* scale -4.52 0.98 4.39 -97.13 -13.65 -3.92 0.58 14.23
b* scale 37.95 0.70 3.15 8.31 33.72 37.56 43.20 9.48
Fruit side
Rose pink L scale 66.55 0.76 2.40 3.61 63.27 66.02 70.08 6.81
a* scale 12.30 0.55 1.73 14.07 9.52 12.29 14.50 4.98
b* scale 21.78 0.42 1.33 6.11 19.56 21.71 24.80 5.24
Yellow L scale 70.29 0.41 1.31 1.86 67.73 70.65 71.59 3.86
a* scale 6.39 0.24 0.75 11.81 5.54 6.21 7.87 2.33
b* scale 25.99 1.13 3.57 13.75 22.61 24.56 31.47 8.86
Lemon L scale 70.76 0.32 1.02 1.44 68.92 70.73 72.49 3.57
yellow a* scale 281  0.64 2.01 71.63 -135 283 570  7.05
b* scale 29.45 1.09 343 11.65 25.28 28.78 37.41 12.13
Green L scale 61.71 1.60 5.06 8.20 51.99 63.74 66.39 14.40
a* scale -6.92 1.31 4.14 -59.78 -13.62 -6.53 -0.29 13.33
b* scale 39.23 0.88 2.77 7.06 33.34 39.62 43.5 10.16




240 TEEZEWE 5SS & 4 1

75

70 [

L Scale

60
Rose pink Yellow Lemon yellow Green

20

—5—  side ——  Top

a* Scale

-10
Rose pink Yellow Lemon yellow Green

40

—A— Sside —@— Top @

35 - s

Scale

25 [

b*

20
Rose pink Yellow Lemon yellow Green

50
40 |

—/— side — = Top

Rose pink Yellow Lemon yellow Green
Maturity Degree

3. NERERRTHmEALS < (i -

Fig.3. Color difference values on top and side of Cordia Dichotoma fruit at different mature stages.
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Item annotation : 1 Feeding belts 2 Snapping brush rollers 3 Fruits-collecting chute
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Fig. 4. The snapping machine for Cordia Dichotoma with a pair of longitudinal brush rollers.

Item annotation : 1.Feeding belts 2. Snapping brush rollers 3. Water pipe system 4. Fruits-collecting chute

5.Screening device 6. Fruits Tray
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Fig. 5. The snapping and screening machine for Cordia Dichotoma.
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Fig. 6. Mean (left) and interaction (right) plots for acceptable rate of the snapping machine using a pair of

longitudinal brush rollers.
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Fig. 7. Mean (left) and interaction (right) plots for damage rate of the snapping machine using a pair of longitudinal

brush rollers.
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Fig.8. Interaction (left) and mean (right) plots for unstriped rate of the snapping machine using a pair of longitudinal

brush rollers.
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Fig. 9. Mean plots for miscellaneous rate of the snapping machine using a pair of longitudinal brush rollers.
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Fig. 10. Mean plot for cap rate of the snapping machine using a pair of longitudinal brush rollers.
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Table 3. Analysis of operating capability of the snapping machine using a pair of longitudinal brush rollers.

f 4 1

Evaluation item

Description of related parameters

Values of related parameters

Operating setting Rotating speed of snapping roller (rpm) 107
Rotating speed of feeding pulley (rpm) 23
Brush arrangement type (row) L7 A1 (7)
Brush length (mm) 20
Brush overlap length (mm) 3
Diam. x length (mm) of brush rollers 105x 660
Inclination angle of brush rollers (°) 6°
Height of feeding inlet (mm) 110
Operating performance Weight of acceptable fruits (Kg) 5.85
Weight of damaged fruits (Kg) 0
Weight of unstripped fruits (Kg) 0.2
Weight of miscellaneous parts (Kg) 0.26
Total Weight of processed fruits (Kg) 6.31
Acceptable rate (%) 92.7
Damage rate (%) 0
Unstripped rate (%) )
Miscellaneous rate (%) 4.1
Operating capability Snapping time (min) 42
Follow-up handling time (min) Handling miscellaneous parts: 18
Handling unstripped fruits: 12
Total: 30
Pure snapping capability (Kg/hr) 8.36 (2.2 times as professional, 5.4 times
as amateur)
Operating capability with follow-up handling 5.26 (1.4 times as professional, 3.4 times
(Kg/hr) as amateur)
Snapping capability by labor (Kg/hr) 3.75 (professional), 1.54 (amateur)
TRATI IR Brsde i BB BV EREIIGS, © AT T IORZ rsde i (PSR BT P B Brsde 1 & ORI ANIE 11

iR > BEPRIMERERSHIGAE RATER 4 Fom > (EMTREVESEMERETTIA] - RAFSRES 88.8% > HHGHERS 0%
RIEHRES 1.1% > SRR 10.1% 5 BiE(ESEIERETTIH - RAFRES 98.1% » TR 0.7% » 5K
BRI 1.2% ¢ BRI ESEEETE 9.1 kg/hr - I3RS N TR HEETHY 2.4 (5 EDEESETHY

59 % -
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Table 4. Analysis of operating capability of the snapping and screening machine
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Evaluation Item

Description of related parameters

Values of related parameters

Snapping operating

setting

Screening operating

setting

Snapping performance

Screening Performance

Operating capability

Rotating speed of snapping roller (rpm)

Rotating speed of feeding pulley (rpm)

Brush arrangement type (row)

Brush length (mm)

Brush overlap length (mm)

Diam. x length of brush rollers (mm)

Inclination angle of brush rollers (°)

Height of feeding inlet (mm)

Rotating speed of screening pulley (rpm)

Length x width of Bar-Chain (mm)

Screening mesh size (mm)

Weight of acceptable fruits (g)/ acceptable rate (%)
Weight of damaged fruits (g)/ damage rate (%)
Weight of unstripped fruits (g)/ unstripped rate (%)

Weight of miscellaneous parts (g)/ miscellaneous rate (%)

Total weight of processed fruits (g)
Weight of acceptable fruits (g)/ acceptable Rate (%)
Weight of fruits with cap (g)/ with-cap Rate (%)

Weight of miscellaneous parts (g)/ miscellaneous rate (%)

Snapping time (min)

Follow-up handling time (min)

Pure snapping capability (Kg/hr)

Operating capability with follow-up handling (Kg/hr)

Snapping capability by Labor (Kg/hr)

107
23

L10 % (10)
20

3

105 x 1205
g0

200

22

1730 x 305
16x 16
2010+15/88.8
0/0

25/1.1
205+25/10.1

2280
2010/98.1
15/0.7
25/1.2

10

Handling miscellaneous parts:
4 handling unstripped fruits: 1
Total: 5

12.2 (3.3 times as professional,
7.9 times as amateur)

9.1 (2.4 times as professional,
5.9 times as amateur)

3.75 (professional), 1.54

(amateur)
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Fig.11. The snapping and screening machine for Cordia Dichotoma in operating (left) and screened fruits (right).
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One-Way ANOM for Detaching Force (g) by Color
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Fig.12. One way ANOM for detaching force of Cordia Dichotoma fruit from their stems at different fruit color stages.
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Development of a Snapping and Screening Machine for
Cordia dichotoma'

Lung-Hu Lu?, Jyh-Rong Tsay**, Wu-Huann Shyu?,
Lien-Sheng Liang” and Yee-Ting Wang’

Abstract

Lu, L. H., J. R. Tsay, W. H. Shyu, L. S. Liang, and Y. T. Wang. 2006. Development of a snapping and
screening machine for Cordia Dichotoma. J. Taiwan Agric. Res. 55:234-249

To solve the time-consuming, labor-intensive problem of detaching fruits from stalks, a snapping and
screening machine for Cordia Dichotoma was designed and manufactured to reduce the labor requirement
and production cost. The machine was made of a pair of longitudinal brush rollers, a pair of feeding belts,
a screening device, a water pipe system and a fruits-collecting chute. A better combination of settings for
snapping operation includes a rotating speed of snapping roller at 107 rpm, a rotating speed of feeding
pulley at 23 rpm, a brush length of 20 mm, and a brush overlap length of 3 mm. The Operating
performance of developed snapping machine was determined to be with an acceptable rate of 92.7%, an
unstriped rate of 3.2% and a miscellaneous rate of 4.1%. Attached screening device, manufactured by
using a bar-chain conveyor with a mesh size of 16x 16 mm, was proved to achieve the design goal.
Overall operating capability (9.1 kg/hr) of the snapping and screening machine is about 2.4 (5.9) times as
that of a professional (amateur) worker.

Key words: Cordia dichotoma, Snapping and screening machine.
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