


AMANUIN N

ANSLHSPUEITAZAY

n.1 NMsmseNaTaza1eUWesi pH g9

Anvinsilasunlasvednn RGB vosdudlameas pH s laglddudiames 3 siln Ae

Bromothymol blue , Bromocresol green as Methyl red a1ua1du laalalnsey

ansazangtWinesil pH 8, pH 4 uag pH 3 MWEIAU AR5 N1

M1319 N.1 ansnseseuansazatetwwesn pH Aelagnisnauasazanguiazyila

pH 02 |01M| 01M |[02M| 0.1 |0.1M | 0.0025 | 0.0O5M | 0.2 M
25° M KHP | KH,PO | HCL M | NaOH M Na,HP | NaOH
8 KCl | (mL) 4 (mL) | HCl | (mL) | borax O, (mL)
(mL) (mL) (mL (mL) (mL)
)
1.0 25 67
2.0 25 6.5
3.0 50 223
4.0 50 0.1
5.0 50 22.6
6.0 50 5.6
7.0 50 29.1
8.0 50 46.1
9.0 4.6 50
10.0 18.3 50
11.0 4.1 50
12.0 26.9 50
13.0 | 25 66

e : lunswieuansazanetninesfmisng n.l Wewseuasaudinoliutiuins

a1sazanewdy 100 mL
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AANUIN U

UayaA1d91n1ATa93Ad Hunter Lab

A15714 2.1 ANERINLATBIIAE Hunter Lab ¥asa15azangdufaLngs

anudutu |, | asazareluslulvaeavy | avsazanewdiae | d1sazansluslundveansu
M) ™ L# a* b* L* a* b* L* a* b*
1 81.3 -4.0 -2.0 81.4 | 21.0 9.4 86.7 -3.3 4.6
2 82.8 -3.6 -1.9 78.9 | 22.1 -9.6 85.8 -3.0 4.8
0.005
3 82.7 -3.6 -1.9 79.5 | 215 9.3 86.1 -3.0 a7
\ady 82.3 -3.8 -1.9 79.9 | 215 | 94 86.2 -3.1 4.7
1 81.6 -6.0 4.7 70.6 | 48.3 | -19.1 84.9 -4.7 9.5
2 82.7 -5.8 -4.5 69.3 | 48.8 | -19.1 85.3 -4.3 9.2
“ 3 81.9 -5.8 -4.5 69.8 | 48.0 | -19.0 84.9 -4.3 9.2
\ody 82.1 -5.9 -4.6 69.9 | 48.3 | -19.1 85.0 -4.4 9.3
1 74.2 -13.9 -12.1 528 | 75.1 | -22.1 79.3 -6.6 18.7
2 74.7 -13.1 -121 | 515 | 750 | -21.6 79.2 -6.6 18.5
003 3 74.4 -12.8 -11.9 | 524 | 748 | -22.1 79.9 -6.5 18.1
\dy 74.4 -13.3 -12.0 | 522 | 7149 | -21.9 79.5 -6.6 18.4
1 72.3 -17.5 -16.4 | 514 | 735 | -214 744 -10.8 385
2 72.2 -17.4 -16.4 | 52.1 | 74.0 | -22.1 73.2 -10.6 38.0
"5 3 2.7 -17.3 -16.3 | 523 | 742 | -22.3 73.0 -10.6 37.9
\dy 72.4 -17.4 -16.4 | 51.9 | 739 | -22.0 73.6 -10.7 38.1
1 63.5 -20.9 -21.7 | 56.0 | 79.4 | -25.6 63.8 -11.7 51.8
2 61.9 -20.9 -219 | 562 | 789 | -2538 60.4 -11.4 523
007 3 62.5 -20.7 -21.6 | 56.2 | 793 | -2538 61.4 -11.5 52.0
\de 62.6 -20.9 -21.7 | 56.1 | 79.2 | -25.7 61.9 -11.5 52.0




M1319 ¥.2 ANFRNLATEIINE Hunter Lab vaintunyuatiuauazliun

v o | g4 | mMudyuan (ua) | nunyua (lsdum)
FEAUNITAT | ASIN

L* a* | b* % a* b*

1 103.2 | -03 | 263 | 69.2 | 1.6 | 194

- 2 | 1041 02 252|687 | 16 | 194
Av

3 1041 02 | 251 | 687 | 15 | 195

\nde | 103.8 | 0.1 | 255|689 | 1.6 | 19.4

i 418 | 184 | 35.0 | 38.6 | 135 | 24.6

o ) 2 | 468 | 17.3 | 229 | 440 | 125 | 156
AI9BY

6 46.8 | 174 | 228 | 440 | 126 | 158

wde | 452 | 17.7 | 269 | 42.2 | 129 | 187

1 359 | 123 | 96 | 270 | 103 | 124

, 2 | 359 |122] 96 | 38| 9.1 | 65
AN

3 358 | 123 | 96 | 349 | 90 | 6.6

e | 358 | 122 | 9.6 | 323 | 95 | 85

1 | 244 | 119 | 119 | 271 | 64 | 124

A 2 | 326 | 101 | 56 | 345 | 7.4 | 44
AL

3 327 | 100 | 58 | 342 | 75 a3

Wiy | 29.9 | 107 | 7.7 | 319 | 7.1 | 741




M1519 9.3 ANFINLATEIINE Hunter Lab vaenwuninedauuanazliun

oo |z o | Mudditegen (ua) | Muwidegau (liua)
5TAUNISAD | ASSA
L* a* b* L* a* b*
1 |1031| 23 | 300 | 781 | 46 | 266
~ 2 1043 | 2.6 | 285 | 78.1 a.7 26.7
Au
3 11043 | 27 |285| 781 | 46 | 266
Lagﬂ 1039 | 25 | 29.0 | 78.1 4.7 26.6
1 | 453 182|330 | 503 | 11.4 | 174
o 2 49.7 | 173 | 240 | 50.2 | 115 | 17.6
180U
3 | 497 | 173|240 | 502 | 115 | 176
Laé"a 48.2 | 17.6 | 27.0 | 50.2 | 115 | 17.5
1 | 353 (109 74 | 368 | 79 | 64
g 2 353 | 109 | 74 | 36.4 8.0 6.2
AN
3 | 355|109 | 73 | 366 | 7.9 | 63
Laé"a 354 | 109 | 74 | 36.6 7.9 6.3
1 | 338 | 91 |48 |354 | 69 | 41
o . 2 339 9.1 4.9 | 355 6.9 4.2
AT
3 | 338 [ 91|49 |358 | 68 | 4.1
Wiy | 339 | 9.1 | 48 | 356 | 68 | 4.1




A1519 V.4 ANEINLATEIIAE Hunter Lab vasnunnsgdrauawasliun

oo |z o | nudesedne (ue) | munesetag (liua)
FTAUNIIA | ATSA

L* a* b* Lr* a* b*

1 101.6 | 0.4 | 279 | 67.8 1.8 | 233

. 2 | 1024 | 09 | 267 | 69.8 | 27 | 20.3
v

3 1023 | 0.8 | 26.7 | 69.7 2.7 20.3

Wiy | 1021 | 0.7 | 27.1] 69.1 | 24 | 21.3

1 | 424 | 179|340 | 457 | 107 | 144

~7 2 | 423 | 17.0 | 225 | 457 | 10.7 | 143
180U

3 423 | 17.0 | 22.6 | 458 | 10.7 | 143

Wiy | 423 | 173|263 | 457 | 10.7 | 14.3

1 358 | 120 | 9.0 | 349 8.0 5.2

. 2 | 360 |120| 92 | 348 | 80 | 53
AINAN

3 36.0 | 120 | 9.1 | 34.7 8.0 5.2

Wiy | 359 | 120 | 9.1 | 348 | 80 | 52

1 33.6 9.7 | 54 | 353 6.7 3.7

o 2 | 337 | 96 | 55 | 354 | 68 | 38
AT

3 33.7 2 TR ¥.5 | 352 6.9 3.7

Wiy | 337 | 97 | 55 | 353 | 68 | 37




M1514 U.5 A1E3INATD9IAE Hunter Lab vainunyudtafsuuauasliun

L s | g g | MuyutaAsy (un) | MunyutaAey (liua)
FTAUNIIAD | ASIN
L* a* b* L* a* b*
1 93.1 2.2 219 70.3 24 20.6
. N N N22 2T 0N 23— b5
Ay
3 93.1 2.2 218 70.1 24 20.5
whe | 931 | 22 | 219 | 702 | 24 | 205
1 382 | 17.1 | 33.6 34.4 9.3 18.2
L 2 | 435 | 161 | 203 | 405 | 9.7 9.6
Agau
3 43.6 | 16.0 | 20.0 40.7 9.8 9.7
wie | 41.7 | 164 | 246 | 385 | 9.6 | 125
1 298 | 154 | 26.2 28.2 7 >4 12.2
b 2 | 370 | 140 | 127 | 358 | 80 5.6
AINaNg
3 | 372 | 140 | 127 | 357 | 80 5.5
wAe | 347 | 145 | 172 | 332 | 80 | 78
1 31.8 | 145 | 26.8 35.9 7.0 4.3
s 2 | 385 | 135 | 139 | 360 | 7.0 4.3
ALY
3 38.6 | 135 | 13.8 36.0 6.9 4.2
wie | 363 | 13.8 | 181 | 360 | 7.0 | 4.2
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ALUE RGB 289nunnoawiidany

A1519 9.6 ATLE RGB vasnwnnaswiaans (ldua) Nwnsisilaelduaslildnaesing

nunnaswigans (liun)

imlj ASadi Ausid RGB laildnassing ALIE RGB 3nnaasIng
g R G B R*G*B R G B R*G*B
1 137.5 | 125.0 | 1055 | 1,813,281.3 | 121.0 | 120.5 | 107.5 | 1,567,403.8
2 134.0 | 121.0 | 101.0 | 1,637,614.0 | 1195 | 118.0 | 103.0 | 1,452,403.0
AU 5 136.0 | 122.0 | 100.0 | 1,659,200.0 | 119.0 | 116.0 99.5 1,373,498.0
X 135.8 | 122.7 | 102.2 | 1,703,365.1 | 119.8 | 118.2 | 103.3 | 1,464,434.9
SD 1.8 2.1 2.9 95,800.1 1.0 2.3 4.0 97,511.2
1 90.5 70.0 535 338,922.5 79.0 71.0 62.0 347,758.0
2 93.0 73.0 55% 376,789.5 80.5 74.0 65.5 390,183.5
ﬁ"aéau 3 90.0 70.0 535 337,050.0 79.5 74.0 66.0 388,278.0
X 91.2 71.0 54.2 350,920.7 79.7 73.0 64.5 375,406.5
SD 1.6 1.7 1.2 22,422.6 0.8 1.7 2.2 23,963.3
o 1 68.5 54.0 44.5 164,605.5 59.5 53.5 49.0 155,979.5
Anang
2 69.5 56.0 4a7.5 184,870.0 59.0 535 49.5 156,246.8
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3 70.0 54.5 45.0 171,675.0 58.5 52.0 47.5 144,495.0
X 69.3 54.8 45.7 173,716.8 59.0 53.0 48.7 152,240.4
SD 0.8 1.0 1.6 10,285.4 0.5 0.9 1.0 6,709.1
1 50.5 40.5 3565 72,606.4 40.5 36.5 355 52,4779
2 48.0 39.5 355 67,308.0 42.5 375 36.5 58,171.9
Aty 3 46.0 36.5 320 53,728.0 415 36.5 35.0 53,016.3
X 48.2 38.8 34.3 64,547.5 41.5 36.8 35.7 54,555.4
SD 2.5 2.1 2.0 9,737.2 1.0 0.6 0.8 3,143.6

A1574 2.7 AWUE RGB va9niunagwiidany (Ua) Nwsizilaeldwazlildnassing

Auniaans (un)

mlj asa Auaid RGB Lildnansing Auaid RGB 91nnasing
"N\ R G B R*G*B R G B R*G*B
1 126.5 | 124.0 | 87.0 1,364,682.0 | 102.0 | 1185 92.5 1,118,047.5
2 126.5 | 125.0 | 855 | 1,351,968.8 | 104.0 | 1205 | 94.5 1,184,274.0
Ay 3 124.0 | 121.0 | 83.0 1,245,332.0 | 1025 | 1185 93.0 1,129,601.3
X 125.7 | 123.3 | 85.2 | 1,320,660.9 | 102.8 | 119.2 | 93.3 | 1,143,974.3
SD 1.4 2.1 2.0 65,545.7 1.0 1.2 1.0 35,3755
1 102.0 72.0 39.0 286,416.0 78.0 69.5 45.5 246,655.5
o 2 100.5 715 38.5 276,651.4 78.0 69.5 47.0 254,787.0
oo 3 101.0 72.0 40.5 294516.0 79.0 69.5 45.0 247,072.5
X 101.2 | 71.8 39.3 285,861.1 78.3 69.5 45.8 249,505.0
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SD 0.8 0.3 1.0 8,945.2 0.6 0.0 1.0 4,579.1
1 63.0 40.5 28.0 71,442.0 50.5 47.5 38.0 91,152.5
2 64.5 43.0 31.0 85,978.5 49.0 46.5 37.0 84,304.5
fnan 3 63.0 415 28.5 74,5133 49.5 47.0 375 87,243.8
X 63.5 41.7 29.2 77,311.3 49.7 47.0 37.5 87,566.9
SD 0.9 13 1.6 7,661.5 0.8 0.5 0.5 3,435.4
1 43.0 32.5 28.5 39,828.8 38.5 41.0 36.5 57,615.3
2 44.0 35.0 315 48,510.0 38.0 41.0 36.0 56,088.0
fudy 9 44.5 35.5 30.5 48,182.4 38.5 41.0 33.5 52,879.8
X 44.2 34.3 30.2 45,507.1 38.3 41.0 35.3 55,5271.7
SD 0.8 1.6 1.5 4,920.3 0.3 0.0 1.6 2,417.0

ANLIE RGB Y9N WaDe B UNUUN

A1519 9.8 ALiE RGB vasnwnaaedunuut (liva) Niwsrzilaelduazlaildnadasing

. nunnoedunuui (liua)
imlj asail Awiid RGB Lildnaasing ALaE RGB 31nnaeind
i R G B R*G*B R G B R*G*B
1 131.0 | 119.5 | 88.5 1,385,423.3 1255 | 1240 | 107.0 | 1,665,134.0
Ay 2 132.5 | 1215 | 93.0 1,497,183.8 129.0 | 1270 | 111.0 | 1,818,513.0
3 128.5 | 1150 | 85.0 1,256,087.5 126.0 | 1235 | 106.5 | 1,657,246.5
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X 130.7 | 118.7 | 88.9 | 1,379,564.9 | 126.8 | 124.8 | 108.2 | 1,713,631.2
SD 2.0 33 4.0 120,654.9 1.9 1.9 25 90,915.9
1 88.0 715 56.5 355,498.0 75.5 70.5 65.0 345,978.8
2 87.0 71.0 | 55.0 339,735.0 75.0 70.5 66.0 348,975.0
feeu 3 84.5 71.0 | 40.0 239,980.0 75.0 68.0 59.5 303,450.0
X 86.5 70.5 | 50.5 311,737.7 75.2 69.7 63.5 332,801.3
SD 1.8 0.3 9.1 62,641.8 0.3 1.4 3.5 25,463.1
1 64.0 53.0 44.0 149,248.0 56.5 49.0 46.0 127,351.0
2 65.0 56.0 455 165,620.0 54.0 49.0 46.5 123,039.0
fnang 3 64.5 54.0 a4a.5 154,993.5 56.5 515 49.5 144,032.6
X 64.5 543 | 44.7 156,620.5 55.7 49.8 47.3 131,474.2
SD 0.5 15 0.8 8,306.4 14 14 1.9 11,087.5
1 44.0 350 | 295 46,079.0 38.0 32.0 29.0 35,264.0
2 46.0 380 | 275 48,070.0 355 30.5 295 31,941.1
vty 3 46.0 38.5 32.0 56,672.0 38.0 32.0 30.5 37,088.0
X 45.3 37.2 | 29.7 50,273.7 37.2 31.5 29.7 34,764.4
SD 1.2 1.9 2.3 5,629.8 1.4 0.9 0.8 2,609.6
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A19719 V.9 ALUE RGB vasnwinagdunuui (ua) Nnsizilaglduaclildnassing

. nunasdUNLL (Un)
imjj ASdi Amsid RGB laildnaasing AL3Id RGB annnaasIng
e R G B R*G*B R G B R*G*B
1 138.5 | 131.0 935 1,696,417.3 100.5 113.5 86.0 980,980.5
2 136.5 | 130.5 | 96.0 1,710,072.0 99.5 112.5 | 87.0 973,856.3
Ay S 1355 | 132.0 935 1,672,341.0 101.0 | 1135 89.0 1,020,251.5
X 136.8 | 131.2 | 94.3 1,692,943.4 | 100.3 | 113.2 | 87.3 991,696.1
SD 1.5 0.8 1.4 19,103.9 0.8 0.6 1.5 24,984.9
1 81.0 58.5 37.0 175,324.5 70.5 62.0 41.5 181,396.5
2 82.5 60.5 39.5 194,154.4 70.0 60.0 38.0 159,600.0
ﬁI”JE)'EJu 3 81.5 58.5 36.0 171,639.0 70.0 60.5 39.0 165,165.0
X 81.7 59.2 37.5 180,372.6 70.2 60.8 39.5 168,720.5
SD 0.8 1.2 1.8 12,076.8 0.3 1.0 1.8 11,324.9
1 55.5 42.0 36.0 83,916.0 50.0 47.0 39.0 91,650.0
. 2 56.0 44.5 39.5 98,434.0 49.0 46.5 38.0 86,583.0
" 3 55.5 43.0 38.0 90,687.0 49.5 46.5 39.0 89,768.3
_- X 55.7 43.2 37.8 91,012.3 49.5 46.7 38.7 89,333.8
SD 0.3 1.3 1.8 7,264.5 0.5 0.3 0.6 2,561.3
1 4a7.5 375 34.5 61,453.1 40.0 40.0 33.5 53,600.0
2 48.0 38.0 355 64,752.0 39.0 39.5 33.0 50,836.5
f’%L%ﬁJ 3 4a7.5 39.5 38.5 72,235.6 39.0 40.0 33.0 51,480.0
X 47.7 38.3 36.2 66,146.9 39.3 39.8 33.2 51,972.2
SD 0.3 1.0 2.1 5,524.9 0.6 0.3 0.3 1,446.0




ALAE RGB 11ATFIUVBINUNETD

M1919 9.10 Awd RGB anasgruvasniuna (Liva) Mnseilaglildndesing

520U v Aid RGB ladldndasindvasniunans (liun)
M3fa A R G B R*G*B
1 151.0 126.0 73.5 1,398,411.0
2 151.5 124.0 73.5 1,380,771.0
3 146.0 119.0 70.0 1,216,180.0
fu 3 149.5 123.0 72.3 1,331,787.3
D 3.0 36 2.0 100,506.6
X+ 5% | 144.5-154.5 | 118.0 - 128.0 | 67.3 - 77.3 | 1,331,782.3 - 1,331,792.3
1 96.0 64.0 34.0 208,896.0
2 89.0 59.5 29.0 153,569.5
3 92.5 61.5 30.5 173,506.9
foeu 3 92.5 61.7 31.2 178,657.5
D 35 2.3 26 28,020.6
X +5% | 87.5-975 | 56.7-667 |262-362| 178,652.5- 178,662.5
1 69.0 44.0 25.0 75,900.0
2 64.5 41.0 22.0 58,179.0
3 68.0 43.0 24.0 70,176.0
fnans 3 67.2 a2.7 23.7 68,085.0
D 24 15 15 9,043.7
X+5% | 622-722 | 37.7-477 |18.7-28.7|  68,080.0 - 68,090.0
1 515 31.0 19.0 30,333.5
2 50.0 32.5 20.5 33,312.5
3 48.0 315 19.0 28,728.0
fdu % 49.8 31.7 19.5 30,791.3
SD 1.8 0.8 0.9 2,326.3
X+ 5% | 44.8-548 | 26.7-367 |145-245| 30,786.3 - 30,796.3




M1919 .11 Awld RGB anasgruvasniuna (Liva) Maseilagldndasing
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3TAU Y Awd RGB 9nnaasdindvasniuwnan (kiua)
M3An g R G B R*G*B
1 130.0 126.5 112.5 1,850,062.5
2 135.0 132.0 113.5 2,022,570.0
3 135.0 129.5 111.0 1,940,557.5
v % 133.3 129.3 112.3 1,935,568.0
sD 2.9 28 13 86,288.5
X + 5% | 128.3-138.3 | 124.3- 134.3 | 107.3 - 117.3 | 1,935,563.0 - 1,935,573.0
1 83.0 68.5 52.0 295,646.0
2 80.5 64.5 50.0 259,612.5
3 83.5 68.5 51.0 291,707.3
eeu % 82.3 67.2 51.0 282,058.6
sD 16 23 1.0 19,7653
X+5% | T73-873 | 622-722 | 460-56.0 | 282,053.6-282,063.6
1 58.0 475 40.0 110,200.0
2 60.5 50.5 43.0 131,375.8
3 60.0 19,5 415 123,255.0
fnan % 59.5 19.2 415 121,487.1
sD 13 15 15 10,683.3
X+5% | 545-645 | 442-542 | 365-465 | 121,482.1-121,492.1
1 48.0 40.0 35.0 67,200.0
2 515 455 425 99,588.1
3 16.5 39.0 35.5 64,379.3
Ay 3 487 415 375 75,789.4
SD 26 35 4.2 19,564.5
X+5% | 437-537 | 365-465 | 32.5-425 75,784.4 - 75,794.4
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M1919 U.12 AW RGB 1n3guvasnIwnand (ua) Mansnzilaglildndasing

Anid RGB laildnaasdndueaniunan (ua)

52HUNISAa ATIN
R G B R*G*B
1 146.0 131.5 90.0 1,727,910.0
2 150.0 1325 88.5 1,758,937.5
3 1435 128.5 89.0 1,641,137.8
A % 146.5 130.8 89.2 1,709,328.4
SD 3.3 2.1 0.8 61,058.6
X + 5% | 141.5- 151.5 | 125.8- 135.8 | 84.2 - 94.2 | 1,709,323.4 - 1,709,333.4
1 88.5 65.5 41.5 240,565.1
2 92.0 68.5 43.0 270,986.0
3 89.5 66.5 43.5 258,901.1
gou 3 90.0 66.8 427 256,847.7
SD 1.8 1.5 1.0 15,317.1
X+5% | 850-950 | 61.8-71.8 |37.7-47.7| 256842.7 - 256,852.7
1 52.0 39.5 33.0 67,782.0
2 54.5 43.0 37.5 87,881.3
3 54.5 44.5 40.0 97,010.0
fnans 2 53.7 423 36.8 84,224.4
SD 1.4 2.6 35 14,953.2
X +5% | 487-587 | 37.3-473 |318-418| 84,219.4 -84,229.4
1 44.0 335 28.5 42,009.0
2 44.5 35.5 32.5 51,341.9
3 44.0 35.5 33.0 51,506.0
A % 44.2 34.8 313 48,299.0
SD 0.3 1.2 25 5,448.2
X +5% | 39.2-49.2 | 29.8-39.8 |263-363| 48294.0 - 48,304.0
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M1919 .13 AE RGB 11nsguvasniunan (ua) Ninssilaenisldndesing

AL RGB 91nnaasindvasniunand (un)

sehun1sRa | ASedl
R G B R*G*B
1 108.0 124.0 99.5 1,332,504.0
2 108.0 124.0 99.0 1,325,808.0
3 107.5 1235 99.5 1,320,986.9
fi % 107.8 1238 99.3 1,326,433.0
SD 0.3 0.3 0.3 5,783.9
X+ 5% | 102.8-112.8 | 118.8 - 128.8 | 94.3 - 104.3 | 1,326,428.0 - 1,326,438.0
{ 74.0 61.0 38.0 171,532.0
2 73.0 65.0 38.0 180,310.0
3 715 59.0 36.0 151,866.0
feeu 3 72.8 61.7 37.3 167,902.7
D 13 3.1 1.2 14,565.2
X +5% | 67.8-77.8 | 56.7-66.7 | 32.3-423 | 167,897.7 - 167,907.7
1 435 40.0 32.0 55,680.0
2 43.5 40.5 315 55,495.1
3 45.5 41.0 32.0 59,696.0
Anans 5 44.2 405 318 56,957.0
SD 1.2 0.5 0.3 2,373.8
X +5% | 39.2-49.2 | 355-455 | 26.8-36.8 56,952.0 - 56,962.0
i 34.0 31.0 27.0 28,458.0
2 325 30.0 26.0 25,350.0
3 34.0 31.0 26.0 27,404.0
Aty 3 33,5 30.7 26.3 27,070.7
D 0.9 0.6 0.6 1,580.6
X +5% | 285-385 | 257-357 | 21.3-313 27,065.7 - 27,075.7




A1519 V.14 ALid RGB va9nade 3ann1skanazlildndasing

. M Aumtin AIUNES
dvas | A3s
. 4 Auid RGB luildndasing AWLE RGB 2nNaavInd Awid RGB Lildndasing AWE RGB 2MnnaavIng
e ! R G B R*G*B R G B R*G*B R G B R*G*B R G B R*G*B
1 117.0 | 142.0 | 51.0 | 847,314.0 | 100.0 | 119.0 | 61.0 | 725,900.0 104.0 | 130.0 | 48.0 648,960.0 95.0 | 112.0 | 58.0 617,120.0
A\l 2 120.0 | 145.0 | 55.0 | 957,000.0 | 100.0 | 118.0 | 61.0 | 719,800.0 | 103.0 | 129.0 | 47.0 624,489.0 93.0 | 111.0 | 59.0 609,057.0
(Hafiv) 3 112.0 | 137.0 | 50.0 | 767,200.0 99.0 | 118.0 | 60.0 | 700,920.0 112.0 | 133.0 | 48.0 715,008.0 96.0 | 113.0 | 59.0 640,032.0
i X | 1163|1413 | 523 | 857,171.3 | 99.7 | 118.3 | 60.7 | 715540.0 | 106.3 | 130.7 | 47.7 | 662,819.0 94.0 | 112.0 | 58.7 | 622,069.7
SD 4.0 4.0 2.6 95283.2 0.6 0.6 0.6 13023.5 4.9 2.1 0.6 46823.9 1.5 1.0 0.6 16069.8
1 132.0 | 134.0 | 55.0 | 972,840.0 | 129.0 | 123.0 | 67.0 | 1,063,089.0 | 131.0 | 138.0 | 60.0 | 1,084,680.0 | 132.0 | 128.0 | 61.0 | 1,030,656.0
e 2 131.0 | 140.0 | 58.0 | 1,063,720.0 | 131.0 | 125.0 | 66.0 | 1,080,750.0 | 130.0 | 135.0 | 64.0 | 1,123,200.0 | 130.0 | 126.0 | 61.0 999,180.0
REY 3 134.0 | 148.0 | 54.0 | 1,070,928.0 | 131.0 | 126.0 | 66.0 | 1,089,396.0 | 123.0 | 126.0 | 54.0 836,892.0 131.0 | 125.0 | 65.0 | 1,064,375.0
NIGRR X 132.3 | 132.7 | 55.3 | 1,035,829.3 | 130.3 | 124.7 | 65.3 | 1,077,745.0 | 128.0 | 133.0 | 59.3 | 1,014,924.0 | 131.0 | 126.3 | 62.3 | 1,031,403.7
(Wavw) | sp 1.5 7.0 2.1 54669.3 1.2 15 0.6 13408.5 4.4 6.2 5.0 155378.5 1.0 15 2.3 32603.9
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A1579 V.14 (si9) AMLIE RGB wa9ndle annsiduazlaldndasing

dune | ot Auniin AUNAY
. 4 Ausid RGB Wldndasing AW RGB 21nNaBIInd Ausid RGB lildnansing Auid RGB 9nnaaeing
e ! R G B R*G*B R G B R*G*B R G B R*G*B R G B R*G*B
1 178.0 | 157.0 | 51.0 | 1,425,246.0 | 168.0 | 142.0 | 64.0 | 1,526,784.0 | 171.0 | 147.0 | 46.0 | 1,156,302.0 | 160.0 | 133.0 | 55.0 | 1,170,400.0
BINGRY 2 183.0 | 143.0 | 53.0 | 1,386,957.0 | 168.0 | 142.0 | 63.0 | 1,502,928.0 | 167.0 | 145.0 | 45.0 | 1,089,675.0 | 162.0 | 136.0 | 56.0 | 1,233,792.0
(agn) 3 180.0 | 138.0 | 49.0 | 1,217,160.0 | 167.0 | 141.0 | 63.0 | 1,483,461.0 | 184.0 | 150.0 | 45.0 | 1,242,000.0 | 161.0 | 135.0 | 56.0 | 1,217,160.0
X | 180.3 | 146.0 | 51.0 | 1,343,121.0 | 167.7 | 141.7 | 63.3 | 1,504,391.0 | 174.0 | 147.3 | 45.3 | 1,162,659.0 | 161.0 | 134.7 | 55.7 | 1,207,117.3
SD 2.5 9.8 2.0 110752.6 0.6 0.6 0.6 21698.5 8.9 2.5 0.6 76361.2 1.0 1.5 0.6 32867.6
1 121.0 | 940 | 34.0 | 386,716.0 | 102.0 | 850 | 54.0 | 468,180.0 139.0 | 111.0 | 37.0 570,873.0 106.0 | 90.0 | 55.0 524,700.0
GINGRY 2 137.0 | 108.0 | 35.0 | 517,860.0 | 103.0 | 85.0 | 54.0 | 472,770.0 123.0 | 95.0 | 30.0 350,550.0 105.0 | 90.0 | 55.0 519,750.0
‘13"“51'1?1 3 141.0 | 111.0 | 42.0 | 657,342.0 | 101.0 | 850 | 55.0 | 472,175.0 123.0 | 95.0 | 33.0 385,605.0 105.0 | 90.0 | 55.0 519,750.0
(vaw) X 133.0 | 104.3 | 37.0 | 520,639.3 | 102.0 | 85.0 | 54.3 | 471,041.7 | 128.3 | 100.3 | 33.3 | 435,676.0 105.3 | 90.0 | 55.0 | 521,400.0
SD 10.6 9.1 4.4 135334.4 1.0 0.0 0.6 2496.1 9.2 9.2 35 118388.7 0.6 0.0 0.0 2857.9
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A1579 9.15 AL RGB 989123291170z u1 M annastduaslildndasding

fvaq Auntin AUNAY
U229 Asid RGB laildnaesing ALIE RGB a1nnaasIng Amaid RGB Lildnaesing Auld RGB 31nnaeeing
w7 P
szl ﬁ R G B R*G*B R G B R*G*B R G B R*G*B R G B R*G*B
1 191.0 | 186.0 | 136.0 | 4,831,536.0 | 166.0 | 176.0 | 127.0 | 3,710,432.0 | 191.0 | 182.0 | 134.0 | 4,658,108.0 | 183.0 | 195.0 | 142.0 | 5,067,270.0
5383‘171“1 2 193.0 | 186.0 | 140.0 | 5,025,720.0 | 168.0 | 176.0 | 123.0 | 3,636,864.0 | 193.0 | 187.0 | 136.0 | 4,908,376.0 | 184.0 | 196.0 | 143.0 | 5,157.152.0
Al 3 187.0 | 180.0 | 126.0 | 4,241,160.0 | 169.0 | 172.0 | 119.0 | 3,459,092.0 | 189.0 | 182.0 | 122.0 | 4,196,556.0 | 196.0 | 207.0 | 151.0 | 6,126,372.0
X 190.0 | 184.0 | 134.0 | 4,699,472.0 | 167.7 | 174.7 | 123.0 | 3,602,129.3 | 191.0 | 183.7 | 130.7 | 4,587,680.0 | 187.7 | 199.3 | 145.0 | 5,450,264.7
SD 3.1 3.5 7.2 408612.6 1.5 2.3 4.0 129220.1 2.0 2.9 7.6 361098.3 7.2 6.7 4.9 748898.2
1 165.0 | 131.0 | 93.0 | 2,010,195.0 | 139.0 | 99.0 85.0 | 1,169,685.0 | 170.0 | 129.0 | 89.0 | 1,951,770.0 | 149.0 | 107.0 | 92.0 1,466,756.0
izﬂzﬁZ 2 168.0 | 100.0 | 82.0 | 1,377,600.0 | 139.0 | 95.0 84.0 | 1,109,220.0 | 171.0 | 126.0 | 99.0 | 2,133,054.0 | 147.0 | 105.0 | 90.0 | 1,389,150.0
GUNWH?JI?JU 3 163.0 | 116.0 | 100.0 | 1,890,800.0 | 139.0 | 96.0 85.0 | 1,134,240.0 | 171.0 | 133.0 | 92.0 | 2,092,356.0 | 145.0 | 104.0 | 90.0 1,357,200.0
X | 1653 | 1157 | 91.7 | 1,759,531.7 | 139.0 | 96.7 | 84.7 | 1,137,715.0 | 170.7 | 129.3 | 93.3 | 2,059,060.0 | 147.0 | 105.3 | 90.7 | 1,404,368.7
SD 2.5 15.5 9.1 336106.6 0.0 2.1 0.6 30381.9 0.6 3.5 5.1 95118.0 2.0 1.5 1.2 56341.2
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A1579 V.15 (f19) AMLE RGB Va9uzi9M1uzuN2 a1nnsidunazlaldnassing

dvaq Aunin ATUNAY
FIERUOR Asid RGB lildnaesing ALid RGB annnaasIng Auaid RGB Lildnansing AE RGB 31nNaaeing
w12 ASadi
szl R G B R*G*B R G B R*G*B R G B R*G*B R G B R*G*B
1 139.0 64.0 63.0 | 560,448.0 | 118.0 51.0 57.0 | 343,026.0 | 153.0 | 62.0 55.0 | 521,730.0 | 132.0 | 61.0 66.0 | 531,432.0
2 130.0 72.0 72.0 | 673,920.0 | 119.0 53.0 59.0 | 372,113.0 | 145.0 | 80.0 78.0 | 904,800.0 | 132.0 | 60.0 66.0 | 522,720.0
izﬂ%ﬁf‘i 3 132.0 58.0 56.0 | 428,736.0 | 121.0 52.0 58.0 | 364,936.0 | 140.0 | 66.0 66.0 | 609,840.0 | 128.0 | 60.0 70.0 | 537,600.0
duns X 1337 | 64.7 63.7 | 554,368.3 | 119.0 | 52.0 58.0 | 360,025.0 | 146.0 | 69.3 | 66.3 | 678,790.0 | 130.7 | 60.3 | 67.3 | 530,584.0
SD 4.7 7.0 8.0 122705.0 1.5 1.0 1.0 15152.6 6.6 9.5 11.5 200627.1 2.3 0.6 2.3 7476.2
1 103.0 68.0 67.0 | 206,486.0 87.0 44.0 50.0 | 191,400.0 | 81.0 44.0 44.0 | 156,816.0 | 77.0 39.0 39.0 | 117,117.0
538817‘]'4 2 90.0 53.0 53.0 | 252,810.0 87.0 47.0 50.0 | 204,450.0 | 87.0 49.0 49.0 | 208,887.0 | 84.0 39.0 38.0 | 124,488.0
dunaoy 3 89.0 48.0 49.0 | 209,328.0 82.0 46.0 47.0 | 177,284.0 | 82.0 44.0 44.0 | 158,752.0 | 79.0 43.0 44.0 | 149,468.0
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i

94.0 56.3 | 56.3 | 222,874.7 | 85.3 457 | 49.0 | 191,044.7 | 83.3 | 456 | 45.6 | 174,818.3 | 80.0 | 40.3 | 40.3 | 130,357.7

7.8 10.4 9.5 25963.7 29 15 g/ 13586.5 3.2 29 29 29520.2 3.6 2.3 3.2 16955.4

33.0 27.0 26.0 23,166.0 33.0 25.0 25.0 20,625.0 28.0 220 | 20.0 12,320.0 33.0 250 | 25.0 20,625.0

33.0 21.0 20.0 13,860.0 33.0 250 | 240 19,800.0 | 30.0 18.0 | 17.0 9,180.0 33.0 | 25.0 | 24.0 19,800.0

W [N

35.0 23.0 21.0 16,905.0 33.0 26.0 24.0 20,592.0 34.0 22.0 | 20.0 14,960.0 33.0 26.0 | 24.0 20,592.0

]

33.6 237 | 223 | 17977.0 | 33.0 253 | 243 | 20,339.0 | 30.7 | 20.7 | 19.0 | 12,1533 | 33.0 | 253 | 24.3 | 20,339.0
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Examination the Degrees of Ripeness of Coffee Cherry and the Roasting of Coffee Bean
Including the Caffeine Quantity by the Digital Image Colorimetry

Miki Kanna'*, Suttida Luangton', Sarawut Somnam!
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Chiang Mai 50300, Thailand

*E-mail: miki_kan(@cmru.ac.th

Abstract: A mobile phone had been applied to monitor the primitive color (red (R), green
(G). blue(B)) from a digital image to examine the uniform of the coffee cherry ripening and
the degrees of coffee roasting because coffee quality. such as taste, aroma, color, acidity,
etc., related to the mentioned factors, The light intensity, focus range, and amount of sample,
were controlled using a home-made RGB-detection box. This was shown to be robust
convenient, and applicable to both solid and liquid samples. It was able to support phones of
different sizes. with a maximum area of 630 cm?, and to provide highly precise detection
(%RSD < 1: p=11). Standard RGB wvalues of cherry ripening and degree of
light/medium/dark roasting were defined in order to examine on the random samples of
coffee cherries and the roasted beans. In addition, the proposed setup was also used to
observe the color change at the end point of titration for the dark colored sample, allowing
the determination of the caffeine content in coffee by iodimetric titration. A titration curve
was plotted between the titrant volume and the RGB value. Caffeine contents were found
slightly decrease with a darker roast.

Keywords: Ripeness of coffee cherry; Roasted coffee bean; Caffeine content; RGB primitive color; Mobile phone.
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Examination the Degrees of Ripeness of Coffee Cherry and the Roasting of Coffee Bean
Including the Caffeine Quentity by the Digital Image Colorimetry .
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RACKIR

A mobile phone had been applied %o monitar the primtive calaf (fed (R), green (G, blue(B)) from a digital image 1o examine the uniliorm
the coffee chefry ripening and the degrees of collee roasting Decause coffee quallty, such as 1asle, aroma, Color, acidity, sic | relaled o e
mentioned factors, The Sght intensity, focus range, and amount of sample, were controlied using a homemade RGB-detection box. This was
shown 10 be rabust convenient, and applicable 1o both solid and lquid samples. It was abie 1o support phones of differant sides, with a
maximum area of 630 on?, and o provide highly precise detaction (NRSD < 1, n=11) Stendard RGE valuas of chamy ripening and degres of
g mediumdark raaating wese défined in ordér 10 examine an the random samples of coffae chermes and e roasted beana 0 adciion, the
propoead satup was also USSC o obeerve the color chafge at the end point of liralion for the dark-colored sample. slowing he
determination of the cafieine content in colfee by iedometnc tiiration. A Wration curve was plotiad betamen the trant wolome and the RGB
value, Caffeine contents were fnund sightly decreass with & disker roas!

Methodology Resuits and Conciusion

What is the RGB-detection box? BExamination of ripeness and roasting of coffee

RGB-datection box (36 Fig 114), size of 146 x = . Tha degres of chamy ripening and coffes roasting as F
220 x 18.0 cm) was buit amploying he black : were caphused to 9"'" the siandard KRGS valoes

opaque acryfic sheal. The inemal was covered
with a whae paper and attached a 3W LED ight r ! l ‘
buld to provide uniform Bumination. A hingad ' j

cover fid on the top foided % protect the
amblent light A fokdable front cover id at the
front of the hox, opposlie to the péaet of the
sample holder, was drilled <1.5x1.5 cmoto place
the phone 10 capiure animage. A mobile phone
holder was designed 10 be moved lefl.oght and
upward-downwaed to held 3 phone by placing
the jens fit onlo (he dedection hole with a
distance betweenthe samgle and lens at B0
cm.The maveable phone holder provided a
maximum working area of 630 cm?. The rubber \ i examinaSion the unlionm of the harvested cofiese cherfies and the
sheet was gued on the front Ik that contacis o roastad cofies DABNS IN 1.0 FORSSNG Procass

a phone o protect from the scratch

Asample condainer was Wied on the acrylic

holder which also attached o the acrylic sheet

(140 x 145 comgywhich essily to put n and out

from the box as | 15} Test ube (id, 18 mm

& length 10 om) (Fig 2(3)) and 8 home-made

aorylic box (3.3 x 6.5 x 7.5 cm) (Fig 2{h)) were

amployed a3 the contabers for ground | ; . B0-530

brewed cotfas (om the roaster shog, Chiang Aded

and coffes cherry (fom K Chang Kan, Chlang

afa0, respectively

t [ tri terminats feine |
‘J Each degree of rogsiad collee Deans was aieo
caffeine based on lodometne Sration. After a portion

rant volume
was added 0
brewed coffes
he siquat of
mixed schution
was fransfesred Green bet - 13000 MOST
ik > 10 the sampie
How to get the RGB primitive color values? Lighi 71007 14187
The digital image was cagiured coupled with the
RGE dats sssessment via 8 costless downfoadabie
application, namely RGB Calor Value, as ustrated In
Fia 3

The monitored RGB vaiues 8s reponed In Tudie | were calauisted
the range of sandard valbes X & 5%) Mat further used for

H3orel Rewaecs Coun 2 of Thadyn A30T £ guetss soncwecipal YT De

Mm masert Ardng The wok s dm nopowd by e douton of e

squpyrand Yy Faadly of Sosses et Tectrongy Cheeng Vi Mgttt Uresrsdy

w Value applicabon
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Application of a Smartphone to Increase Effectiveness
in the Determination of Soil pH by Using Indicators
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ABSTRACT

The determination of soils pH by observing the change in additive
color (red (R), green (G), blue (B)) via a smartphone was succeeded by
providing the definite values of pH with respect to the values obtained from
a pH meter. The experiments were carried out under the control conditions,
1e., light intensity and focus range of a mobile phone camera, via a2 home-
made detection box which is robust, convenience, and adjustable to support
various sizes of mobile phones with the maximum area of 630 cm®. Three
indicators; bromothymol blue, methyl red, and phenol red, were buffered
in the pH range of 1-13 before monitored the RGB values. Characteristic
calibration graph of each indicator was constructed by plotting between
pH versus RGB value. Soil composition defines the pH of soil solution and
the pH affects on the forms of the indicators, leading to variation in color
of the solution. The pH of soil sample was obtained from calibrating the
RGB values of the soil solutions mixed with indicators to the mentioned
calibration graphs. The proposed method could overcome the problem
from observing the color change of indicators when mixed to the colored
sample solution of soil, and also applied to neutral, acidic, and basic soil
analysis. With economic and simple method, the definite pHs were found

and agreed with the results obtained by using a pH meter.

Keywords: pH determination, pH indicators, RGB values, smartphone
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