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TIWA SAIPRADIT : DESIGN AND DEVELOPMENT OF AN
ULTRASONIC-OZONE ASSISTED CONTINUOUS GRAPE WASHING
MACHINE. THESIS ADVISOR : ASST. PROF. TAWARAT TREEAMNUK,

Ph.D., 133 PP.

GRAPE/PESTICIDE RESIDUE/SEMI-AUTOMATIC MACHINE

The aim of this thesis was to design and develop an Ultrasonic-Ozone Assisted
Continuous Grape Washing Machine. Including testing and evaluating the performance
of the developed prototype. By conducting studies on various topics as follows:
1) Study the effect of pesticide residue on color space L*, a*, b* by using the
carbamate chemicals at various concentrations to check for chemical residues by using
GT-Pesticide test kit. It is effective that when the concentration of chemicals increases,
the L*, a*, b* value decreases or samples will darker, becomes green and blue as the
chemical concentration increases. 2) Study the effect of ultrasonic on the reduction of
pesticide residues in grape samples by immersing the samples in 1 ppm of carbamate
for 30 minutes. After that, washing with ultrasonic frequency of 28.9, 40.3 and 120.3
kHz for 0, 5, 10 and 15 minutes. The result shown that when washing the grapes samples
with ultrasonic at a higher frequency and longer time will help to reduce chemical
residues better. The best condition of washing is frequency of 120.3 kHz and time of 10
minutes, which can reduce the pesticide residue to the level of non-residue. 3) Study the
effect of ozone on the reduction of pesticide residues in grape samples by immersing
the samples in 1 ppm of carbamate for 30 minutes. After that, washing with ozone
concentration of 4, 6 and 8 ppm for 0, 5, 10 and 15 minutes. The result shown that when

washing the grapes samples with ozone at a higher concentration and longer time will



help to reduce chemical residues better. The concentration of 8 ppm and 5 minutes of
time is the best condition of washing, which can reduce the pesticide to the non-residue
level. 4) Study the effect of ultrasonic on reducing skin impurities in grape bunches.
The samples were dyed with powdered color and washed with ultrasonic at the
frequency of 28.9, 40.3 and 120.3 kHz for 5, 10 and 15 minutes. The result shown that
when washing grape samples using ultrasonic at greater frequency and time, it improves
the efficiency of reducing impurities. The frequency of 120.3 kHz for 15 minutes has
the efficiency of reducing impurities 93.16%. 5) Study the effect of ozone on reducing
skin impurities in grape bunches. The samples were dyed with powdered color and
washed with ozone at the concentration of 4, 6 and 8 ppm for 5, 10 and 15 minutes.
The result shown that when washing grape samples using ozone at greater concentration
and time, it improves the efficiency of reducing impurities. The concentration of 8 ppm
for 15 minutes has the efficiency of reducing impurities 56.61%. 6) Test the performance
of the prototype. The result shown that the prototype has the washing rate of 83.85 kg/h
and can remove chemical residues in the grape samples to non-residue level. Moreover,
the economic evaluation found that the prototype has the fastest payback period of

2 months.
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2.6.1.2 fufvay (Air tank)
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2.6.1.5 1AT09MaNLTA (Refrigerated air dryer)
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4 o
2.6.1.7 NAINIUANANUAYU (Air regulator)
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2.6.1.9 ﬁﬂlﬁvlaﬂd (Air silencer)
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2.6.1.10 3153muquﬁﬁmqms"lwammamé”ﬂ (Directional control valve)
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A S v A 7
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21317 220 Taseadsvesnszuenguadiamaiufianiudon
U52nNouRIY (U597 GUTIZIIA, 2546)
Wueay 1 9ngu (Piston)
WO 2 MU (Piston rod)
vy 3 aledmsuaugnguldnesnay (Return spring)
nuLaY 4 vhmauﬁ'w (Base and Cover)
nuaay 5 #11nT0UN7 (Head cover)
NUBIAY 6 NTZVBNFL (Cylinder tube)
MueIaY 7 gAeaw (Pressure connection)
Mu8IaY 8 332118aN (Vent hole)
HUWav 9 ‘]EIJ"BT%}TLAQ U (Bush and Sealing element)
MUYAY 10 FagngY (Piston seal)
2) NITUBNFUFUANINUTBINANN (Double acting air cylinder)
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Tassadevesnszuonguaiahnudesianiaudansgli 2.21

drpdinuni

N
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‘ﬂﬁ 221 Tasaatanse U@ﬂﬁﬂ%uﬂﬂNTuﬁ@ﬁ‘ﬂﬁﬂN (Double acting air cylinder)

F1 e duFzed (2546)
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U52NoURIY (U9 GUFIZIIA, 2546)
ey 1 gngu (Piston)
WA 2 MUg (Piston rod)
ey 3 dinseuine (Base and Cover)
W@ 4 AsoUin (Head and Cover)
N1 5 N3EVONGU (Cylinder tube)
P RIGRIRS gcsi@amﬁ’mgﬂqu (Pressure connector, Base side)
WIBIAY 7 JROANAUAIUGY (Pressure connector, Head side)
Ny 8 “T)’afaljﬂlfg]"]J (Bush and Sealing element)
WYY 9 Fagngy (Piston seal)
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{ wa 3 v J
A1519% 3.1 FHUANNMYNINUDIDIUNUTUG Falad

Bunch size Weight of S No. of sub | Total fruit Fruit size
(cm) bunch (g) bunch of bunch (mm)
Width | Length Width Length
13.26 18.60 301.75 1.06 15.15 123.65 14.97 16.74
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47

Y 9 Y H
5. nniuldvasagamsgaiiendnaniodaruanInuIAaina10619 A3 3.25
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5. auhen GT-4 adlunasadadu NaAAIUAY AZHADAAIDEN HaDAAY
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=
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Y
9
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Muaa Azl 3.34
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File Edit-Image Process @UENFEMPlugins  Window  Help
Egggﬁﬁﬁ‘_ Measure Ctrl+M aﬂﬂﬁ‘ﬂJJi

Analyze Particles...

Summarize
Distribution...

Label

Clear Results
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Set Scale...

Calibrate...

Histogram Ctrl+H
Plot Profile Ctri+K
Surface Plot...

Gels 4
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v
2 [ 1

310 3.34 dedmsudamalulysunsy Imagel
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4) 21dmaluszun RGB dag1lii 335 nazihadd s ldudawdu

=)
maluszuu CIELAB
d am of < || 4
300x240 pixels; RGB; 281K 300x240 pixels; RGB; 281K

0 Red 255 0 Green 255
Jaunt 202018 Min: 101 Min: 70

Mean: 125.616 Max: 177 Max: 160
dDev: 5.554 Mode: 126 (18782) Mode: 82 (12703)

st | Copy | Log | Live | Rep| T*H7H ist| Copy | Log | Lve | Rop| T
coun’

t=0 count=12

¢

300x240 pixels; RGB; 281K

ILAN

0 Blue 255

Jaunt 2020 Min: 31
Mean: 43.376 Max: 108
dDev: 5.259 Mode: 40 (25325)

List] COpyJ Log] Livel RGBl value=162

count=0

319 3.35 man ldnnmsdasieTilsunsy Imagel

o J

= A 9 3}; ~ I~ =)
3. mmaﬁluizuu RGB w"lmmmumum 2 N1llﬂﬁﬂlﬂuﬂ1ﬁ1ui%ﬂﬂ

e

9
%

CIELAB Iaalvunounall (Teerawat et al., 2018)
1 uilasar RGB uuuliFudulaifuar sRGB 13 udy Taeld

AUNITN 3.4 LLAZANUNITN 3.5

NR=—;NG=—; NB=—— (3.4)
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(NR +0.055)/1.005, NR > 0.04045
B {NR /12.92, NR <0.04045 }
(NG +0.055)/1.005, NG > 0.04045
Z{NG /12.92,NG < 0.04045 }
(NB +0.055)/1.005, NB > 0.04045
:{NB/12.92, NB < 0.04045 }

(3.5)

2) wilaam@luszuy sRGB Huszuv CIE XYZ Tagldaumsi 3.6

X 0.4124564 0.3575761 0.1804375| |r
y [=100x| 0.2126729 0.7151522 0.0721750 |x| g (3.6)
z 0.0193339 0.1191920 0.9503041| | b

3) w)asm@luszun CIE XvZ 1545211 CIELAB aansasiuies 1d

Taeldaunisn 3.7 uazaun1in 3.8

7.787X +£ , X <0.008856
116

f(%(n):

x5 x > 0.008856

7787y +-2 .y <0.008856
116 (3.7)

f (%n) -

y/%,y > 0.008856

7.7872+ E, 2=0.008856
116

f (Z/Zn) B

2% 7> 0.008856

" =116f (Y Yn)—le

e :500[f (>%(n)— f (%nﬂ (3.8)
v =200 1(Y4e) - 1(24,)]
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#2011/51n5% Imagel Taoildunaudaneluil

= o 1

o 1 ' o ' o 9 9 { ¥
1. HIFDONUAIDYNWNUTU] FAT VIUIU 9 ¥O lﬂﬂ@llﬂ:]fl%ﬂﬂ?lﬂﬁ] GOUACHE

U

9 Y
g ! o v 2

v v
GRIGED) Tﬂﬂi%’agu 1 ¥0a0THI 100 N5U @D 50 ua. A31lN 3.36 antunald 30 wi wise

IUNNBOOJUAIDI1IZUTITUN

9 Y A 9 @

~ ' 1 @ [l A = v Y A
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Volume of Water
Specific Water Consumption (SWC) = (3.12)
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Fall Grapes
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M3199 0.1 HaveIANUITuTUASIATINQUAT U INAADATT RGB

101

ANV (ppm) R G B
0 99.48 50.91 32.88
0.1 84.84 42.77 27.44
0.2 89.94 46.34 28.69
0.3 84.50 41.40 25.49
0.4 86.24 42.29 28.39
0.5 75.41 35.83 27.14
0.6 64.22 29.17 22.84
0.7 55.37 24.58 20.48
0.8 43.57 19.48 17.53
0.9 42.47 18.58 17.82
1 40.74 17.99 15.41
M131971 0.2 Havesn Nttt ngumS U INAReAE L* a* b*
ANV (ppm) L* a* b*
0 27.15 20.03 20.99
0.1 22.71 17.84 18.49
0.2 24.44 18.11 19.99
0.3 22.28 18.37 19.21
0.4 22.83 18.86 18.08
0.5 19.41 17.74 14.23
0.6 15.73 16.29 12.08
0.7 12.94 14.79 9.78
0.8 9.40 12.09 6.44
0.9 8.97 12.20 5.62
1 8.43 11.43 6.18
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A15199 1.3 Wavesdans1 Ixiindn1ud 28.9 kHz 111a1A19 9 ADA1 RGB Y940UAI0819NAIY

MIATNAOVETIATANANA0YANATOU GT-Pesticide test kit

na1 (1) R G B
critical 56.95 31.59 25.73
0 100.61 62.42 37.10
5 114.26 80.54 45.84
10 123.59 90.80 48.55
15 124.28 93.39 50.05
control 123.01 105.19 66.27

M50 1.4 Have90ans1 1silindn1uD 40.3 kHz 1181614 9 AR RGB U9I0JUA10019%

HIUMIATIIAOUATINNANA R I8ANATOD GT-Pesticide test kit

na (1) R G B
critical 77.54 46.99 31.61
0 89.83 51.82 33.30
5 106.87 70.53 41.10
10 125.49 85.56 42.33
15 125.53 85.60 41.65
control 121.49 84.16 48.90

A15197 1.5 WaV90anT1 Ilndn2110 1203 kHz 112819819 A0A1 RGB ¥090JUA106197

HIUMIATIAOUMTIANANA R I8ANATOD GT-Pesticide test kit

a1 (1) R G B
critical 98.33 60.89 41.41
0 106.69 61.24 34.23
5 119.35 78.17 41.28
10 136.49 101.62 48.31
15 137.36 107.52 50.50
control 127.61 92.85 45.33
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$ [ a 4 H $ 1 1 1 1 [} 1 H
A13°97 1.6 #aUBIDANT1 IFHNAAIND 28.9 kHz NIAWI DA L* a* b* ¥9I0JUAI0819N

HIUMIATINAOUAITIANANANAI0YANATOY GT-Pesticide test kit

na1 (1) L* a* b*
critical 15.24 11.50 9.19
0 30.33 13.86 22.30
5 37.13 9.93 25.81
10 41.09 8.34 29.30
15 41.90 7.25 29.44
control 45.29 1.33 24.45

$ @ a o H H 1 [ 1 [ [ 1 $
MINN 1.7 HaV0aA31 1UNAA1ND 40.3 kHz NIAWIN 9] 90A1 L* a* b* ¥030JUAI0819N

HIUMIATIIAOUATIANANA R I8ANATOD GT-Pesticide test kit

na (1) L* a* b*
critical 22.78 12.07 15.63
0 2591 15.04 18.88
5 33.40 12.15 23.84
10 39.83 11.87 31.32
15 39.84 11.81 31.70
control 39.05 11.37 26.58

{ [} a 4 H H 1 (1 1 [ (%} ]
M3V 1.8 HAVI0aAT1 THUNTAIIND 120.3 kHz NN 9 ADA1 L* a* b* YDI0JUAIDH

NHUMIATINAeUMIIALANANAIEYANATOY GT-Pesticide test kit

a1 (W) L* a* b*
critical 29.67 14.13 18.77
0 30.85 17.20 24 .85
5 37.08 13.36 28.52
10 45.52 7.91 34.97
15 47.24 5.04 35.81
control 42.08 8.74 32.34
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A Y 9 A 1 1 1 1 % ] A
A151970 1.9 #ave3 1o TyuaNuUNIY 4 ppm NINIAN €] ABAT RGB YDIDIUAIDYNNHIUNIT

ATNADVATIANANANABYANATOY GT-Pesticide test kit

na1 (1) R G B
critical 84.91 51.07 35.80
0 97.41 60.47 39.79
5 99.34 61.36 39.79
10 110.56 73.34 43.06
15 116.95 81.74 46.44
control 112.36 82.01 50.72

A15199 .10 #aU09 1o TeuAUANAY 6 ppm NIAIAN 9 AOAT RGB YDIDIUAI0E19NAT

MIATNAOVATIATANA NAWYANATOU GT-Pesticide test kit

na (1) R G B
critical 94.99 59.33 41.00
0 113.45 73.17 46.76
5 121.63 85.13 48.50
10 121.40 88.19 50.98
15 123.21 90.11 51.37
control 122.11 98.25 56.60

M15199 .11 #aued To TeuaEud Y 8 ppm ANAIAN 9 @OA1 RGB YDIDIUAI0E19NATY

M3ATINAOUATIANANANNIBANATOY GT-Pesticide test kit

na1 (1N) R G B
critical 86.31 51.85 38.09
0 104.36 66.22 45.68
5 117.85 85.17 53.57
10 122.10 88.72 53.00
15 131.11 107.07 63.75
control 113.70 81.71 52.21




M50 0.12 #aved 1o TsunNUANTY 4 ppm NIA1AN 9 AOAT L* a* b* UpI0JUAIDE1IN

HIUMIATINAOUATIANANANAI0YANATDY GT-Pesticide test kit
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na1 (1) L* a* b*
critical 25.04 13.42 16.02
0 29.41 13.81 19.41
5 29.91 14.16 20.10
10 34.67 12.33 24.34
15 37.80 10.51 26.35
control 37.37 8.61 23.21

M15199 .13 #aUoa 1o TeuAUANATY 6 ppm NIAIAN 9 AOAT L* a* b* Y090JUAI0E 190

HIUMIATINAOUATIANANANAI0YANATDL GT-Pesticide test kit

na (1) L* a* b*
critical 28.78 13.50 17.79
0 35.07 14.11 22.71
5 39.32 10.82 27.14
10 40.15 9.10 26.74
15 40.90 8.82 27.47
control 43.09 3.97 27.17

M15199 .14 HaUD9 1o TeuAMEANTY 8 ppm ANAIAN 9 @OAT L* a* b* Y030JUAI08 19

HIUMIATIITOUATIANANA R I8ANATOD GT-Pesticide test kit

na (1) L* a* b*
critical 25.49 13.83 15.16
0 31.99 14.06 19.24
5 38.95 9.52 23.65
10 40.41 9.29 2591
15 46.62 3.61 27.73
control 37.48 9.56 22.49




A [ a J A
A1519% N.15 HaVo90ans1 lsHnaAND

anlsnuurIFJUAIDEN
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28.9 kHz Na1a e 9 aedszaninmlumsannsiy

na (1)

szansmwlumsaansrvanisn (%)

5 53.90
10 65.81
15 73.66

A @ a J A
M3 N N.16 Nﬁﬂ]@\?@ﬁ@ﬁ11¢h’uﬂ’dﬂ’ﬂuﬂ

AnINUUHITDDIUAIDE

40.3 kHz 1a1a 19 o aelszaninmnlumsannsiy

a1 (1N)

szansmwlumsaansrvanisn (%)

5 55.18
10 73.10
15 81.47

A o a J A
A1519% N.17 Hav090ans1 lsHnaAuD

120.3 kHz Nna1ae 9 aetlszansnmlunisan

ATIVANUINUUAIFOBIUAIDY

a1 (1N)

Uszansmwlumsaansrvanisn (%)

5 79.65
10 83.27
15 93.16

< v 9 A ' \ A A~
AT NN N.18 Waﬂl@ﬂi@]%uﬂﬂnﬂﬂlﬂﬂlu 4 ppm NIAIANN 9 ﬁ@ﬂﬁgﬁmﬁﬂ1W1Uﬂ1§aﬂﬂ§1ﬂ

ansnuuUAIFeOIUAIDEN

na (1)

Uszansmwlumsaansrvanisn (%)

5 35.00
10 50.96
15 51.19
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M13199 1.19 #aveaTa Ty UANNWNAY 6 ppm NNa1a 9 aedszanimmlumsannsiy

anilsnUURIYOOIUAIDE

szansmwlumsaansrvanisn (%)

na (1)

5 31.39
10 48.52
15 53.50

4 9 9 H 1 1 Aa A
M1319% 1.20 #aU9 1o TruaNududy 8 ppm NIA1AN 9 aotlszaninmlumsaansiy

anlsnuUAIFOOIUAI0EN

a1 (1N) szansamwlumsaansivandsn (%)

5 40.35
10 51.98
15 56.16

M50 N.21 KAVDIUATOIAUUUVADAT RGB Y0904 UA10819 (#106197 1) NHIUMITATINAOU

A5ANANAINAIYANATOU GT-Pesticide test kit

Yaenn 19819 R G B
critical 58.81 33.29 26.64
ABUAS 83.54 48.05 34.45
YEAGAY 110.25 77.99 48.02
control 109.72 75.81 47.98

AT N.22 HAUDIUATOIAUIUUADAT RGB UBIBYUAI0E19 (AI96197 2) NAIUMIATIVADL

M51ATANANAIOAANATOU GT-Pesticide test kit

Haenn 19819 R G B
critical 68.92 38.95 29.49
ADUAS 96.95 57.65 39.02
EAGRY 117.39 84.05 51.85
control 109.64 75.80 46.70
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M50 N.23 NAVDIUATOIAUUUVABAT RGB Y090JUAI0671 (A106197 3) NHIUA15ATINAD

A13nlanANAIgANATOL GT-Pesticide test kit

HaoAR 10819 R G B
critical 69.37 38.12 29.26
AoUA 87.72 50.05 35.32
YERGAY 116.60 86.54 51.94
control 114.00 82.94 50.21

M50 1,24 HAVDUATOIAUUVDABAT L* a* b* ¥090JUAI0E19 (106197 1) NHIUNS

ATNAOUATIANANANAOFANATOU GT-Pesticide test kit

YA 19819 L* a* b*
critical 16.03 11.39 9.66
ABUA1 24.00 14.56 15.52
YERGRR 35.97 9.81 22.99
control 35.31 10.89 22.18

M99 1.25 HAVDUATOIAULVDADAT L* a* b* Y0I0JUAI0E19 (106197 2) NHIUNS

ATNADVEIIANANANAIBYANATOU GT-Pesticide test kit

YA 19819 L* a* b*
critical 19.23 12.90 12.21
ABUAN 28.58 15.27 18.84
YERGRR 38.56 9.81 24.16
control 35.27 10.74 22.90




M99 1.26 HAVDUATOIAUUVDABAT L* a* b* Y090JUA0E1 (108197 3) NAIUNT

ATNAOUATIANANANAIBYANATOL GT-Pesticide test kit
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YA 19814 L* a* b*
critical 19.07 13.63 12.16
ADUA1 25.17 15.35 16.58
YERGAY 39.14 7.96 24.82
control 37.82 8.76 24.11
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V1 MIANMINVHIANTEUBNGY
Y Y H Y
Mvuald Tnasmhminsaunanuannsgshinunszuenguiny 100 Alansy (hwin
Y v 9 [
oguluMyuzUIIPOIU 4 FU Fuag 20 0 laniu waziimindag 20 Alansu) wagldnsesdnau

J o ! o 4
WA 8 113 Murumvianszuengy Iaeldaunis 3.2 aail

100kg(9.8m/s” )4
D = = 0.395m = 3.95cm

8 x 10" Pa(/T)

1 4 o
Tagiaenl9nszvenguunadurIUgUINa1a 5 w1, 528N UEN (Stroke) 55 B,

V.2 ﬂ‘lﬁﬂo‘]u]mﬂ1mu1ﬂ3~lﬂ!ﬂ@%

MvualianuE uFayueo nuuuueuloadumigy 0.628 rad/s AFIUINAINE UTIN
Tao19Tusuns5u SolidWorks 1&1M1Y 1.134 radis” Mruaa Tufudanufesvesaiuiilden
Muzus39edu &Y 64.48 kem’ nnuiasluaumsi 3.3 Tévnauemesdail

T = 64.48 kg:m’ X 1.134 rad/s’

=73.12 N-m
P =73.12 N-m x 0.628 rad/s
=4592 W

J o 4
Tag@enuamosvuia 1 hp lunmsdumasuseuy

) [} Y
.3 NITIATHIUDAIINITANN
lumsnageumiosduuuy asdldial 32 u1n nudn 12 3 lumsaumnTod 1 591
Y 9 @ Aa IJq Y = a = 9 Y 9
(NFLVIUNTANAEDAAT IS UAT 1919271 10 W 44 N, ATLUIUMTA19a78 1o T laan
= a = o w dy 1 a 9 =} a = d' a
10 W1 44 3190 BALATTUIUNITAIVAANUFUAIULAUIFLIAT 10 UIN 44 IU1N) 1loLA Y

1 Y

1A309ATY 1 50U 92 IdpguiiuNTzUIUMSA 15 ATaniy n 9 10 w1d 44 3ud Tagawso
3 @ Y 9y a Aas o [ dy
MuIUHIOATINIAN Tanaunsh 3.10 uazliismsmuiuaail
Y . = a S A a =
a1 1uMIa13 (Time) = 10 WIN 44 FUIN W30 644 TN
LIy o o A Ay v v a o
MU0 {UAI0819TAT0IAUUUAITA (Mass of Grape) = 15 1 lan5uy
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15kg
Washing Rate = —— = 0.02329193 kg/s

644 s

Y i1

NTIERLHUATRIAUIVUNOATINTAN 0.02329193 ke/s 13D 83.85 ke/h

w4 mmdulfeandiny
41 anwdwldeandaandlvih
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J

=le

1.30 kW eh
Specific Energy Consumption (SEC) = —— = 0.0156 kW *h/kg

83.85 kg

)
WinAe1FNE99I1 0.0156 kW-h ApMIaNEYU 1 N lanTu
a Ao v
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° < A3 Y = o v (4 R 1
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@
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150 Liter
Specific Water Consumption = ————— = (.8945 Liter/kg

167.7kg

v
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2 100

CalapY 31813399 3101 (UIN)
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Mnaumsh 3.15 vz 1ddunuasiaell (FC) = 15,641.82+6,630.39 = 22,272.21 1/i
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9 @ . = = o dy
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1 Y
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9 4
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52 9aANNUYeIN5eId e duMmadansatindsaunulelsusuDAeliie

Q Q

Tu 13 n3esdunuuain 200 Su Juag 8 11119 tazlions1n13as 83.85 kg/h

9 )
L‘Wi”lzazuuemwﬂwsﬁnagummxﬂ%ﬁumemﬂ‘u 200 X 8 X 83.85 =134,160 nlansuAl

o =

TagoJuiiugung Famasimuie (@unu) eghn landuay 260 UM wagimua

a U

[

imweiuilasaaisiinlansuag 270 VM Seaunsarnnui'ls 18
mlsdenite = 511918 — Aunu
=270 - 260 119/ lansy
=10 11w/ Tansy

b4
v

v 9
AaiuasamuIngefuNUIINaNnsh 3.19 laadl

) x 22,272.21 I
WANNUN = =2,396.90 ~ 2,397 Alaniu/Al

(10-(94,974/134,160))




115

53 szeznIaInUnM
1naTed 5.2 m%imﬁ’mmummmﬁ'wag:u"lﬁ' 134,160 nlansuAl uaziif'ls
Alanfuaz 10 1 saiuse1ddeTl R) %qmgjﬁ 134,160 X 10 = 1,341,600 V1/A) tazga1u1a
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13 (Pe) = 1,341,600 — 94,974 v/l
= 1,246,626 U/
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1,246,626 1,246,626 1,246,626 1,264,005.8
0=-173,798+ + + +.... 7t

(1+IRR)’  (I+IRR)° (1+IRR)’ (1+IRR)"

19535M3 trial and error 1oAY IRR Taal4 1151053 Excel ¥ef 112 1871 IRR =717 %
WINeaJUIIAIN lansuay 265 UM 518 lagns (CF) tny 575,826 /Al e

o 1 Y 1w Aad U d‘ 2 té/
AUIUNIAT IRR ulﬂ!‘ﬂ?ﬂ‘]_l 331 % Tagddsmsunua luaumsi 3.22 Al

575,826 575,826 575,826 593,205.8
0=-173,798+ + + toA—

(1+IRR)  (1+IRR)’ (1+IRR)’ (1+IRR)"

WINeJUIIAIN lansuay 263 UM 518 lagns (CF) iy 307,506 VAl e

v Y
AMUIUNIAT IRR 18191100 177% Tasaasmaunua luaunisn 3.22 aail

307,506 307,506 307,506 324,885.8
0=-173,798+ + + +tW g

(1+IRR)’ (1+IRR)° (I+IRR)’ (1+IRR)"




MARNHIN A

%4

d' % % d' d?
UUUATONINIAUUUUNNH IV



118

A 4‘ 9 1 9 [ a tal [ 1 A Y
3‘].]‘1/1 f.1 l,L°1JUl‘ﬂiﬂ\iﬁN@iuﬂfJﬂﬂaﬂﬁWIcﬁuﬂﬁﬁinﬂUIﬂI“EHLLUU@ﬂ!H@QWH&LUU



NANHIN 3

a d' Yo Aa A d Y | =]
‘].I‘Vlﬂ’ﬂ?ﬁ’lN’J‘]ﬂﬂ1‘§°nu!ﬂ‘JUﬂ1§ﬂWNWENﬂE!W§1N3$ﬂ’JNﬂﬂ‘lsﬂ



A a d' Yo S a q 1 1 =X
51£I‘liif)‘lJ‘Ylﬂ’ﬂ3»1'J‘lﬂf’ﬂﬁ‘Vlvlﬂﬁ‘ljﬂ1§9’|WNW!NEJ!!WﬂHiZ‘H’JNﬂﬂH"I

A o

a a [ 4 ° ua
nNn ﬁ"lfJ”lJﬁﬁﬂ‘]eljj, NITAU ATDIUTIA uazﬂizﬁ @%ﬂWHﬁiﬂ. (2560). ﬁiJ‘UGIT]Nf‘I']fJﬂ'IWLLﬁ%LﬂfI
] 9 <3 v J = a 4 ara o A a
maaaguﬁﬂ"limaﬂwuﬁmg Faad. MNIAIINNMAATNYAT UN 48 ALVN 3 (Wipr) -
217-220 (2560).
Tiwa Saipradit, Tawarat Treeamnuk and Krawee Treeamnuk. Evaluating of Carbamate Residue
in Grape Washed with Ultrasonic by Image Processing Technique (2019). International

Congress on Natural Sciences and Engineering. Fukuoka, Japan. February 25-27, 2019.



121

Agricultural Sci. J. 48 : 3 (Suppl.) : 217-220 (2017) 2. 3N N, 48 : 3 (WLAM) : 217-220 (2560)

aay - . ¥ =3 o o
'dm.lm‘n’nmzlmwLLa:Lﬁu'u'ad'aiuﬂm'lﬂuﬂmwuqmg Foad
Physical and Chemical Properties of Fresh Marroo Seedless Grape

a @y o ¢ a o 5 o oo 3
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Tiwa Saipradit', Tawarat Treeamnuk® and Krawee Treeamnuk’

Abstract

The Objective was this research to investigate physical and chemical properties of flesh Marroo Seedless
grape. Size and weight of bunch, specific gravity, number of sub bunch, total fruits of bunch, and size of fruits
were investigated for physical properties. Total soluble solid (TSS) and titratable acidity (TA) were investigated for
chemical properties. The 20 samples of grape bunch from Pak Chong, Nakhon Ratchasima province were used in
this study. The result was found that width and length of bunch were 13.26+2.31 cm and 18.60+2.66 cm, weight of
bunch was 301.75+107.43 g, specific gravity was 1.06+0.02, number of sub bunch was 15.15+3.91, total fruits of
bunch was 123.65+39.95 and wide and long diameter of fruits were 14.97+2.25 mm and 16.74+2.69 mm
respectively. TSS of fresh grape was 13.83+1.88 'Brix and TA was 1.03+0.16 %, respectively. The data was found
can use to design the machine that use for postharvest of grape e.g. grape washing machine.
Keywords: Seedless grape, Physical properties, Chemical properties
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Table1 Physical and Chemical Properties of Fresh Marroo Seedless Grape

Bunch size Weight of SG No. of sub Total fruit of Fruit size TSS TA (%)
(cm) bunch (g) bunch bunch (mm) ("Brix)
Width Length Width Length

13.26+2.3" 18.60+2.66 301.75£107.43 1.06£0.02  15.15+3.91 123654£39.95 14974225 16744269 13.83+1.88 1.03+0.16
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Wathaudsine o fildannisAnelumanudiniufssndneiauls1duads Table 2

Table 2  Correlation of variables

Correlation Width  Length Wai  Wigacedwater  SC No. of Total fruits ~ TSS TA
of of bunch sub of bunch
bunch bunch

Width of bunch 1.000 0.334 0.451 0.460 -0.257 0.374 0.362 0.309 -0.095
Length of bunch 0.334 1.000 0.660 0.656 1.000 0.572 0.657 -0.248 -0.014
W, 0.451 0.660 1.000 0.999 -0.033 0.615 0.759 -0.129 -0.119
— 0.460 0.656 0.999 1.000 -0.083 0609 0.756 0431 -0.117
SG -0.257 0.000 -0.033 -0.083 1.000 0.164 0.022 -0.091 0.076

No. of sub bunch 0.374 0.572 0.615 0.609 0.164 1.000 0.752 -0.244 0.146

Total fruits of

ol 0.362 0.657 0.759 0.756 0.022 0.752 1.000 -0.308  0.342
TSS 0.309 -0.248 -0.129 -0.131 -0.091 -0.244 -0.308 1.000 -0.454

TA -0.095 -0.014 -0.119 -0.117 0.076 0.146 0.342 -0.454 1.000
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Figure 1 Fresh Marroo Seedless Grape
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Evaluating of Carbamate Residue in Grape Washed with Ultrasonic by Image
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Abstract

The Objective of this research was to evaluate the Carbamate residue in grape from a ultrasonic
washer by image processing technique. Ultrasonic washer at frequencies of 28.9, 40.3 and 120.3
kHz and period time of 5, 10 and 15 minutes was used to clean the grape sample. The residue
monitoring kit in agricultural crops called GT- Test kit that can detect toxic residues in
Organophosphate and Carbamate group was used to measure Carbamate residue in the grape
samples. The color of the samples was observed and then compare with control and critical color
if the sample contains with toxic residues the color of the sample will darker than control and
fruits or vegetable will dangerous for consumer if the color of the sample darker than the critical.
For reduce error of color observation by human eye, so the image analysis was used to evaluate
the color value of the samples in this research. The result was found that when the concentration
of Carbamate increased the L* a* b* values will decrease or a darker color. The ultrasonic
frequency and period time of grape washing affect to Carbamate residue in grape samples. The
period time of ultrasonic grape washing at 15 minutes can reduce the toxic residue better than
washing at 5 and 10 minutes because the L* value was the highest when compared to washing at
5 and 10 minutes. The ultrasonic frequency at 120.3 kHz is the best frequency because after
washing the sample for 15 minutes make the L * value increased from non-washing sample by
45.36% while the frequencies of 40.3 and 28.9 kHz the L* values are increased to 9.39% and
6.93%, respectively.

Keywords: Grape, Ultrasonic, GT-Test kit, Image processing

1. Background
Grape is a popular fruit because of good taste and colorful. Moreover, grape is also nutritious and
rich in vitamin A, vitamin B1, vitamin B2, vitamin C and minerals which essential to the human
body. It also contains antioxidants such as Anthocyanin (Yilmaz and Toledo, 2004). In addition,
the study also found that consumption of fresh grapes or products from grapes continued. It can
affect many health such as reduces blood clotting (Keevil et al., 2000), reduce the risk of
vascular disease (Stein et al., 1999). As mentioned makes grape to be an important fruit in many
countries. However, at present, the product of Carbamate group is used to spray for prevent the
pests of grapes. This group of chemicals inhibits the action of acetylcholinesterase that will make
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poison effect. This chemical can be absorbed through the skin. If a person receives caffeine, they
have symptoms of headache, faint, muscle weakness, heart beat slow and squeamish. If given in
large amounts, death may occur. In addition to harm to consumers, residues of toxins can also be
a transportation problem. In present ultrasonic is used in food processing to reduce dirt (Mason,
1998). The efficiency of the ultrasonic detoxification depends on many factors such as frequency

and duration of washing.

This research aims to study the effects of ultrasonic at different frequencies and period times on
Carbamate residue removal in grapes. By using pesticide residue monitoring kit in agricultural
crops called GT-Test to detect toxic residues. The principle is that if the samples are checked for
toxic residues (detect toxic residues in Organophosphate and Carbamate group) the chemicals in
test kit will inhibit the action of acetylcholinesterase (GT-1) make it cannot hydrolyze
acetylcholine (GT-1). The remaining acetylcholine determines the intensity of the color, the more
intense is the residue. The GT-Test kit has 87.1% accuracy when using for fruit / vegetable
samples (Gobthong, 2010). Because measure from color shade therefore image processing will
be used for measure the color value because it has more precision and accuracy than measure

with eyes.

2. Methods
This research was divided into 2 experiments as follows.
A. Determine the L* a* b* values of the Carbamate at different concentrations.
1) Mix Carbamate in distilled water gave until the concentration of Carbamate are 0, 0.1, 0.2, 0.3,
0.4,0.5,0.6,0.7,0.8,0.9 and 1 ppm.
2) Take the solution from 1) for 30 ml each concentration then mixes with 30 ml sample extract
solution (Solvent-1) then shake for 1 minute, leave it for 10 minutes. Then take Solvent-1 on the
bottom for 5 ml and mix with 1 ml Solvent-2 then evaporate Solvent-1 out. The remaining
Solvent-2 is used as a Sample Extract. Then follow the steps given by the GT-Test kit handbook
(Fig. 1). Must be done in warm water 32-36°C. Three repeat each concentration.
3) Collect data by photography then process through Image Processing by using Image] software.
The details are shown in Color values from Image processing part.
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Fig. 1: GT-Test kit using steps.

B. Effects of ultrasonic on Carbamate residue reduction in grapes.

1) Grapes were sampled randomly from the local market in Thailand with ultrasonic wash at 28.9
kHz for O (not washed), 5, 10 and 15 minutes.

2) Take sample to finely chop and mix 5 g of sample with 10 ml sample extract solution
(Solvent-1) then shake for 1 minute, leave it for 10 minutes. Then take Solvent-1 on the bottom
for 2 ml and mix with 1 ml Solvent-2 then evaporate Solvent-1 out. The remaining Solvent-2 is
used as a Sample Extract. Then follow the steps given by the GT-Test kit handbook (Fig. 1).
Must be done in warm water 32-36°C. Three repeat each concentration.

3) Collect data by photography then process through Image Processing by using Imagel software.

The details are shown in Color values from Image processing part.
4) Repeat steps 1) — 3) by changing the frequency to 40.3 and 120.3 kHz.

Annotation: Measurement of GT-Test kit can be measured as follows.

- If the color of the sample tube is less than or equal to the control tube, it can be read that there
is no toxic residue.

- If the color of the sample tube is darker than the control tube but it is weaker than the critical
tube, can read that the residue is safe.

- If the color of the sample tube is darker than the critical tube, can read that the residue is
unsafe.

The color of critical, sample, and control tube when Carbamate residue was tested by the
GT-Test Kit is shown in fig. 2.
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Fig. 2: Comparative of Carbamate residue in grape sample washed by ultrasonic at frequency of
120.3 kHz at difference period time.

Color Values from Image Processing

Take photography of samples from experiments A. and B. by setting Composition of
photography to all the same. Each sample tube is placed inside a box at same position with black
lining with two lamp (D65/18 W, 36 cm long) which is the standard lamp for ISO 3664: 2016.
Camera settings: f = 2.5, shutter speed = 1/100 and ISO = 200. Image files are saved as JPEG
format. Additionally, light diffusers covering each lamp and electronic ballast assured a uniform
illumination system (Mendoza et al., 2006). Then measure the color of sample photos as RGB
value by Tmagel software. Then convert the color values from RGB to CIELab color parameter
(L* a* b*) has three steps:

1) Convert nonlinear RGB values (o linear SRGB values by using equations (1) and (2).

NR:i;N(;:i;NB:i (1)
255 255 255

NR/12.92, NR <£0.04045

_ [(NG+0.055)/1.005, NG > 0.04045
"I NG /12.92, NG <0.04045 9

N {(NR +0.055)/1.005, NR > 0.04045
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2
_ J(NB+0.055)/1.005, NB > 0.04045
" | NB/12.92, NB <0.04045
2) sRGB values converted to CIE XYZ system using equation (3)
% 0.4124564 0.3575761 0.1804375 r
y [=100x| 0.2126729 0.7151522 0.0721750 |x| g .
z 0.0193339 0.1191920 0.9503041 b )
3) The CIE XYZ values are converted to the CIELAB system by equations (4) and (5)
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Y ( A’n) B Lig @

V5. y>0.008856

16
7.787z+—, 2 <0.008856
(o)

z%,z >(0.008856
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5t = 500[f()%m)—f(’7ynﬂ )
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L* is a function of the green spectral contribution and is a measure of the brightness from black
(0) to white (100). a* is a function of the red-green difference. Positive a* indicates redness;
negative a* indicates greenness. b* is a function of the green-blue difference. Positive b*
indicates yellowness; negative b* indicates blueness. The units within the L*, a*, b* system give

equal perception of color difference to a human observer (Oliver et al., 1992).

3. Results
A. Determine the L* a* b* values of the Carbamate at different concentrations.
From experiment A. the relationship between Carbamate concentrations and L* a* b* values are
shown in Fig. 3. When concentration of Carbamate increases the L* a* b* values will decrease in
linear. From Fig. 3(a) L* values were in darkness rang and darker when Carbamate

concentrations increases. According to principles of GT-Test kit, if the sample is containing more
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toxic residue, the color of the sample is darker (Gobthong, 2010). That can be concluded the
GT-Test kit can detect the residue of Carbamate residue. The lower a* value indicates the higher
Carbamate concentration (Fig. 3(b)) and color of sample will closer to green. The lower b* value
indicates the higher Carbamate concentration (Fig. 3(c)) and color of sample will closer to blue.

1* values
.
a* vahues
o

amate (pp ncentration of Caiamate (ppm|

(a) (b)

()

Fig. 3: The relationship between Carbamate concentrations and L* a* b* values.

B. Effects of ultrasonic on Carbamate residue reduction in grapes.

From experiment B. the relationship between period time and L* a* b* values when washing by
ultrasonic at different frequencies: 28.9, 40.3 and 120.3 kHz are shown in Fig. 4. When using
ultrasonic at 120.3 kHz the L* value was increase in linear and has the slope of the trend more
than frequency at 40.3 and 28.9 kHz (Fig. 4(a)). The L* at 120 kHz at 15 minutes was increased
from L* at 0 minutes (not washed) to 45.36% while the L values at frequencies of 40.3 and 28.9
kHz are increased to 9.39% and 6.93%, respectively. That can be concluded the ultrasonic
cleaning of grapes can reduce the toxic residue better if the duration of cleaning was increase and
the best frequency in this research is 120.3 kHz.

The a* value is decreasing as the period time increases (Fig. 4(b)) which contrary to experiment
A. Tt may be because there are other chemicals that are not Carbamate in the samples.
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L* wlues
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Fig. 4: Effect of ultrasonic frequencies and period time on L* a* b* values.

Form Fig. 4(C) value of b* has clearly increase when period time increase for ultrasonic
frequency of 120.3 kHz, but at frequencies of 28.9 kHz and 40.3 kHz tend of b* value unclear.
However, the ultrasonic washer can reduce Carbamate content in grape. For consider of fig. 2 we
found that at 120.3 kHz and 15 minutes of ultrasonic grape washing the color of sample and
control are closely. Furthermore, image processing can be applied to evaluate Carbamate residue
when GT-Test Kit was selected.
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