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Abstract
Kaewtubtim, P.1, Chittrakarn, T.1, Bhongsuwan, T.1, Aiyarak, P.1 and Kongsaeng, S.2

Spectral reflectance analysis of longkong (Lansium domesticum Corr.) bunches
as an indicator for optimal harvesting
Songklanakarin J. Sci. Technol., 2007, 29(5) : 1427-1438

To determine the appropriate harvesting time of Longkong bunches, the spectral reflectance of
ripening bunches was investigated from images taken by a digital camera using red LED and green LED.
Every day images were taken from selected bunches at a Longkong estate during the growth of the bunches
from immaturity to the over-ripe phase, to trace the changes in color that correlate with the process of
ripening. The images were analyzed by measuring the changes in the three basic colors i.e. red, green and
blue, using a specially developed Color Analysis computer program of Longkong "fruit" (CAOL), and then
the obtained results were compared with the sweet in form of total soluble solid (TSS:TA).

The result showed that the blue light reflectance from red LED source (Br) was selected as an
indicator for harvesting Longkong bunches. Br was inversely proportional to ripeness of Longkong. The
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blue color intensity decreases linearly while TSS:TA increases monotonously. From our investigations, we

suggest that the time interval to harvest  Longkong should be within 96 ±7 days after the first flower blossom
of that bunch takes place while blue level per pixel was in the range of  8.67-2.39. If  Longkong bunch was
cut while the blue color level was in the range of  8.67-5.53, its taste will be sweet and sour and strong enough
for long distance shipment. But if the blue level per pixel was in the range of 5.52-2.39, it has a very good
taste and is suitable a for sale in the local area. In addition, it was also found that the blue level per pixel
usually decreased at the rate of  0.45 per day. This made is possible to predict the harvesting day by this
technique.

Key words : longkong (Lansium domesticum Corr.), indicator, harvesting, spectral
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¿“æ∂à“¬º‘«¢Õßº≈™àÕ≈Õß°Õß´÷Ëß∂à“¬¥â«¬°≈âÕß¥‘®‘µÕ≈ ‚¥¬„™â· ß®“°À≈Õ¥ LED  ’·¥ß·≈– ’‡¢’¬« π—∫µ—Èß·µàº≈
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 ’·¥ß  ’‡¢’¬« ·≈– ’πÈ”‡ß‘π ¥â«¬‚ª√·°√¡ Color Analysis of Longkong (CAOL) ∑’Ë‰¥âæ—≤π“¢÷Èπ¡“ ‡ª√’¬∫‡∑’¬∫

°—∫§à“Õ—µ√“ à«π§«“¡À«“π∑’Ë∂Ÿ°«—¥„π√Ÿª·∫∫¢Õßª√‘¡“≥¢Õß¢Õß·¢Áß∑’Ë≈–≈“¬∑—ÈßÀ¡¥µàÕª√‘¡“≥°√¥ (TSS:TA) „π

º≈≈Õß°Õß·µà≈–™à«ß‡«≈“∑’Ë Õ¥§≈âÕß°—∫ª√‘¡“≥ ‡ª°µ√—¡· ß ’∑—Èß “¡∑’Ë∑”°“√«‘‡§√“–Àåº≈

º≈®“°°“√»÷°…“ æ∫«à“  ‡ª°µ√—¡ ’πÈ”‡ß‘π®“°°“√„™âÀ≈Õ¥ LED  ’·¥ß (Br) ¡’§«“¡‡À¡“– ¡∑’Ë ÿ¥∑’Ë®–π”

¡“„™â‡ªìπ¥—™π’™’È«—¥°“√ ÿ°¢Õß≈Õß°Õß ‚¥¬ ‡ª°µ√—¡¡’≈—°…≥–≈¥≈ß·∫∫‡™‘ß‡ âπ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°“√‡®√‘≠‡µ‘∫‚µ

¢Õßº≈≈Õß°Õß ‚¥¬®–·ª√º—π·∫∫º°º—π°≈—∫°—∫§à“ TSS:TA  º≈®“°°“√«‘‡§√“–Àå “¡“√∂ √ÿª‰¥â«à“™à«ß‡«≈“∑’Ë

‡À¡“– ¡∑’Ë™“« «π≈Õß°Õß§«√µ—¥™àÕ≈Õß°Õß ®–Õ¬Ÿà„π™à«ß«—π∑’Ë 96±7 π—∫®“°«—π∑’Ë≈Õß°Õß¥Õ°·√°∫“π ´÷Ëß¡’§à“

√–¥—∫ ’πÈ”‡ß‘πµàÕæ‘°‡´≈Õ¬Ÿà„π™à«ß 8.67-2.39 ∂â“µ—¥≈Õß°Õß„π™à«ß∑’Ë√–¥—∫ ’πÈ”‡ß‘πµàÕæ‘°‡´≈¡’§à“Õ¬Ÿà√–À«à“ß 8.67-5.53

®–‰¥â≈Õß°Õß∑’Ë¡’™àÕº≈ «¬ß“¡ ¡’√ ™“µ‘À«“πÕ¡‡ª√’È¬« ‡À¡“– ”À√—∫µ—¥‰ª¢“¬„π√–¬–‰°≈ ·µà∂â“µ—¥≈Õß°Õß„π

™à«ß∑’Ë¡’§à“√–¥—∫ ’πÈ”‡ß‘πµàÕæ‘°‡´≈Õ¬Ÿà√–À«à“ß 5.52-2.39  ®–‰¥â≈Õß°Õß∑’Ë¡’√ ™“µ‘ ÀÕ¡ À«“π ‡À¡“– ”À√—∫π”‰ª

¢“¬„π√–¬–„°≈âÊ √–¥—∫ ’πÈ”‡ß‘πµàÕæ‘°‡´≈¡’§à“≈¥≈ß 0.45/«—π ´÷Ëß “¡“√∂π”‰ª„™â„π°“√§“¥§–‡π«—πµ—¥≈à«ßÀπâ“‰¥â

≈Õß°Õß  (Longkong)  ¡’™◊ËÕ∑“ß«‘∑¬“»“ µ√å«à“
Lansium domesticum Corr. ‡ªìπæ◊™µ√–°Ÿ≈‡¥’¬«°—∫
≈“ß “¥ ¥Ÿ°Ÿ-≈“ß “¥ ·≈–¥Ÿ°Ÿ  ‚¥¬§ÿ≥ ¡∫—µ‘‡©æ“–¢Õß
≈Õß°ÕßÕ¬Ÿà√–À«à“ß≈“ß “¥·≈–¥Ÿ°Ÿ-≈“ß “¥ (Norlia, 1997)
π—Ëπ§◊Õ ¡’‡¡≈Á¥πâÕ¬ ‡ª≈◊Õ°∫“ß ·≈–‰¡à¡’¬“ß πÕ°®“°π—Èπ
º≈∑—Èß™àÕ ÿ°æ√âÕ¡Ê °—π ´÷Ëß∑”„Àâ –¥«°µàÕ°“√‡°Á∫‡°’Ë¬«
(Bamroongrugsa,  1992)  ‡ªìπº≈‰¡â‡¡◊Õß√âÕπ∑’Ë¡’√“§“
·æß √ ™“µ‘À«“π ÀÕ¡ ¡’∂‘Ëπ°”‡π‘¥Õ¬Ÿà„πÀ¡Ÿà‡°“–¡≈“¬Ÿ

Õ‘π‚¥π’‡´’¬  øî≈‘ªªîπ å  ·≈–¿“§„µâ¢Õß‰∑¬„π®—ßÀ«—¥¬–≈“
π√“∏‘«“  ( ∂“∫—π«‘®—¬æ◊™ «π °√¡«‘™“°“√‡°…µ√, 2537)
ªí®®ÿ∫—π‰¥â·æ√à¢¬“¬‰ª∑—Ë«¿“§„µâ·≈–¿“§µ–«—πÕÕ° ·≈–¡’
æ◊Èπ∑’Ëª≈Ÿ°‡æ‘Ë¡¢÷Èπ¡“° ∑—Èßª≈Ÿ°„π ¿“ææ◊™À≈—°·≈–æ◊™·´¡
„Àâº≈µÕ∫·∑π Ÿß  ·µàº≈º≈‘µ à«π„À≠à„™â∫√‘‚¿§¿“¬„π
ª√–‡∑»  ™“«µà“ßª√–‡∑»∑’Ë¡’‚Õ°“ ‰¥â∑¥≈Õß™‘¡µà“ß°Á™Õ∫
√ ™“µ‘¢Õß≈Õß°Õß æàÕ§â“®÷ß‡√‘Ë¡ π„®‡æ◊ËÕ àßÕÕ° («‘®‘µ«√√≥,
2546)
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„π°“√ àßÕÕ°¡’¢âÕ®”°—¥À≈“¬ª√–°“√ ‡™àπ °“√ªØ‘∫—µ‘
„π «πµâÕß∑”Õ¬à“ß‰√ °“√„ÀâªÿÜ¬ °“√„ÀâπÈ” °“√°√–µÿâπ„Àâ
‡°‘¥¥Õ° °“√µ—¥·µàß™àÕ¥Õ° °“√ÀàÕ™àÕº≈ ‚√§·¡≈ß·≈–
°“√ªÑÕß°—π°”®—¥  πÕ°®“°π’È¥—™π’¢Õß°“√‡°Á∫‡°’Ë¬«°Á‡ªìπ
ªí≠À“ ”§—≠ª√–°“√Àπ÷Ëß∑’Ë®–∑”„Àâ‰¥â≈Õß°Õß∑’Ë¡’§ÿ≥¿“æ„π
°“√ àßÕÕ° («‘®‘µ«√√≥, 2546) ‡æ√“–≈Õß°Õß∑’Ë¡’§ÿ≥¿“æ¥’
®–µâÕß¡’√–¬–·°à·≈– ÿ°∫πµâπ ‰¡à§«√‡°Á∫‡°’Ë¬«„π¢≥–∑’Ë¬—ß
¡’√ ‡ª√’È¬«Õ¬Ÿà  À√◊Õ‡°Á∫‡°’Ë¬«≈à“™â“‡°‘π‰ª  ‡æ√“–®–∑”„Àâ
º≈À≈ÿ¥√à«ß ‰¡à –¥«°„π°“√¢π àß‰ª¢“¬„π√–¬–∑“ß‰°≈
≈Õß°Õß„πµâπ‡¥’¬«°—πº≈®– ÿ°‰¡àæ√âÕ¡°—π ‡°…µ√°√µâÕß
‡≈◊Õ°‡°Á∫‡°’Ë¬«‡©æ“–™àÕ∑’Ë ÿ°æÕ‡À¡“–‡∑à“π—Èπ  √–¬–∑’Ë
‡À¡“– ¡„π°“√‡°Á∫‡°’Ë¬«≈Õß°Õßπ—∫«à“‡ªìπ‡√◊ËÕß∑’Ë¡’§«“¡
 ”§—≠¡“° ‡π◊ËÕß®“°º≈≈Õß°Õß‰¡à “¡“√∂π”¡“∫à¡„Àâ ÿ°‰¥â
‡À¡◊Õπ°—∫º≈‰¡â™π‘¥Õ◊Ëπ ‡™àπ ¡–¡à«ß °≈â«¬ À√◊Õ ∑ÿ‡√’¬π
‡æ√“–≈Õß°Õß‡ªìπº≈‰¡âª√–‡¿∑ non-climacteric ª√–‡¿∑
‡¥’¬«°—∫ â¡ ‡ß“– ·≈–≈‘Èπ®’Ë π—Ëπ§◊Õ §«“¡À«“π¢Õßº≈‡°‘¥
®“°°“√‡§≈◊ËÕπ¬â“¬πÈ”µ“≈¿“¬„πµâπ‡¢â“‡°Á∫ – ¡‰«â„πº≈
‰¡à„™à‡°‘¥®“°°“√‡ª≈’Ë¬π·ªÑß‡ªìππÈ”µ“≈  ( ÿ√°‘µµ‘ ·≈–§≥–,
2539) ¥—ßπ—Èπ√–¬–‡«≈“∑’Ë‡À¡“– ¡„π°“√‡°Á∫‡°’Ë¬«º≈≈Õß°Õß
‡ªìπ‡√◊ËÕß∑’Ë¡’§«“¡ ”§—≠¡“°µàÕ§ÿ≥¿“æº≈º≈‘µ·≈–°“√æ—≤π“
º≈º≈‘µ‡æ◊ËÕ°“√ àßÕÕ°®”Àπà“¬

√“¬ß“π°“√«‘®—¬‡°’Ë¬«°—∫≈—°…≥–‡©æ“–°àÕπ°“√
‡°Á∫‡°’Ë¬«¢Õß≈Õß°Õß·≈–æ◊™„πµ√–°Ÿ≈π’È¬—ß¡’®”°—¥ ¡’∫“ß
∫∑§«“¡∑’Ë°≈à“«∂÷ß°“√‡ª≈’Ë¬π·ª≈ß à«πª√–°Õ∫¿“¬„π¢Õß
≈“ß “¥„π¢≥–∑’Ë°”≈—ß‡®√‘≠‡µ‘∫‚µ·≈–æ—≤π“ ´÷Ëß√“¬ß“π‚¥¬
Del Rosario ·≈–§≥– (1977) ·≈– Paull ·≈–§≥–
(1987)   à«π Ahmad Tarmizi ·≈–§≥–(1998) ‰¥â
√“¬ß“π‡°’Ë¬«°—∫°“√‡ª≈’Ë¬π·ª≈ßº≈≈Õß°Õß„π√–À«à“ß ÿ°
‚¥¬°≈à“««à“°“√‡ª≈’Ë¬π ’º‘«º≈‡ªìπ¥—™π’∑’Ë¥’∑’Ë ÿ¥ ”À√—∫
°”Àπ¥√–¬– ÿ°¢Õß≈Õß°Õß ‚¥¬‡√‘Ë¡π—∫µ—Èß·µà√–¬–∑’Ëº‘«
≈Õß°Õß‡À≈◊ÕßπâÕ¬ ÿ¥´÷Ëß‡ÀÁπ§«“¡·µ°µà“ß‰¥âßà“¬ Norlia
(1997) °≈à“««à“º‘«º≈≈Õß°Õß®–‡√‘Ë¡‡ª≈’Ë¬π‡ªìπ ’‡À≈◊Õß„™â
‡«≈“ 87 «—π À≈—ß®“°µ‘¥º≈ ·≈–À≈—ß®“°π—Èπ 11-17 «—π
 “¡“√∂‡°Á∫‡°’Ë¬«º≈‰¥â (Ahmad ·≈–§≥–, 1998)  ‚¥¬
«—π∑’Ë 11 º≈∑—Èß™àÕ®–¡’¢π“¥„À≠à ÿ¥ º‘«‡À≈◊Õß‡µÁ¡∑’Ë ·≈–
§«“¡À«“π¡’§à“¡“°∑’Ë ÿ¥  „π¢≥–«—π∑’Ë 17 º≈‡√‘Ë¡‡ª≈’Ë¬π
‡ªìπ ’πÈ”µ“≈  Õ¬à“ß‰√°Áµ“¡√–¬–‡«≈“¢Õß°“√‡°Á∫‡°’Ë¬«„π
¢—ÈπµÕπµ“¡¢âÕ°”Àπ¥π’È§àÕπ¢â“ß —Èπ π—Ëπ§◊Õ  “¡“√∂‡°Á∫‰¥â

ª√–¡“≥ 4 «—π ¥—ßπ—Èπ°“√‡°Á∫„π™à«ß·√°Ê ¢Õß°“√‡ª≈’Ë¬π
 ’º≈Õ“®®–™à«¬¢¬“¬Õ“¬ÿ¢Õßº≈‰ª‰¥âπ“π ¥—ßπ—Èπ§«√‡°Á∫‡°’Ë¬«
º≈∑’Ë«—π∑’Ë 11 À√◊Õ™â“°«à“π—Èπ

°“√‡°Á∫≈Õß°Õß„π√–¬–∑’Ë¡’§«“¡ ÿ°„π™àÕ 80% ®–
‰¥â≈Õß°Õß¡’√ ™“µ‘ À«“πÕ¡‡ª√’È¬«‡≈Á°πâÕ¬ ·µà‰¥â™àÕº≈∑’Ë
 «¬ß“¡ «“ß¢“¬‰¥âπ“πæÕ ¡§«√ ( ‰«, 2540)  „π°√≥’
 àßÕÕ°‡ªìπº≈ (‰¡à‡ªìπ™àÕ) §«√‡°Á∫‡°’Ë¬«‡¡◊ËÕº≈„π™àÕ ÿ° 90-
100% ≈—°…≥–º≈≈Õß°Õß ÿ°∑’Ë‰¥â¡“µ√∞“π 1) ‡°Á∫‡°’Ë¬«
º≈≈Õß°Õß‡¡◊ËÕ¡’Õ“¬ÿµ—Èß·µà√–¬–¥Õ°∫“π®π°√–∑—Ëßº≈ ÿ°
‡ªìπ‡«≈“ 180-200 «—π  2)¥Ÿ°“√‡ª≈’Ë¬π·ª≈ß¢Õß ’º‘«
‡ª≈◊Õ°≈Õß°Õß ®“° ’‡À≈◊Õßπ«≈‡ªìπ ’‡À≈◊Õß‡¢â¡ · ¥ß«à“
≈Õß°Õß ÿ°‡µÁ¡∑’Ë 3) ∫’∫º≈ª≈“¬™àÕÀ“°º≈π‘Ë¡ À√◊Õ™‘¡º≈
ª≈“¬™àÕ ∂â“À«“π π‘∑‰¡à¡’√ ‡ª√’È¬«°Á· ¥ß«à“≈Õß°Õß ÿ°
À¡¥∑—Èß™àÕ 4)  ÿà¡ª≈‘¥º≈≈Õß°Õß‡æ◊ËÕ·°–‡ª≈◊Õ°¥Ÿ°≈’∫‡π◊ÈÕ
º≈¢â“ß„π  À“°‡π◊ÈÕ¢Õß°≈’∫º≈¡’ ’„ ‡ªìπ·°â«‰¡à¡’ ’¢ÿàπ¡—«
À√◊Õ¬—ß¡’ ’¢“« à«π„¥ à«πÀπ÷Ëß¢Õß°≈’∫‡π◊ÈÕº≈  ¡Õß‡ÀÁπ
‡¡≈Á¥≈’∫· ¥ß«à“ ÿ°‡µÁ¡∑’Ë 5) „πµâπ¥’¬«°—π≈Õß°Õß„π·µà≈–
™àÕ®– ÿ°‰¡àæ√âÕ¡°—π ‡æ√“–°“√‡°‘¥µ“¥Õ°·≈–°“√∫“π¢Õß
¥Õ°„π™àÕ‰¡àæ√âÕ¡°—π ®÷ß§«√∑–¬Õ¬‡°Á∫≈Õß°Õß‡©æ“–™àÕ
∑’Ë ÿ°°àÕπ

Õ¬à“ß‰√°Áµ“¡°“√æ‘®“√≥“®“°°“√‡ª≈’Ë¬π ’¢Õßº‘«
≈Õß°Õß‡æ◊ËÕ„™â‡ªìπ¥—™π’„π°“√‡°Á∫‡°’Ë¬« ¥—ß∑’Ë‰¥â°≈à“«¡“·≈â«
π—Èπ ¡—°®–‡ªìπ°“√ —ß‡°µ¥â«¬µ“‡ª≈à“·≈–À√◊Õ‡∑’¬∫®“°
°√–¥“…‡∑’¬∫ ’¡“µ√∞“π  ¬—ß‰¡à¡’√“¬ß“π‡°’Ë¬«°—∫°“√π”
‡§√◊ËÕß¡◊ÕÕ◊Ëπ¡“„™â»÷°…“°“√‡ª≈’Ë¬π·ª≈ß¢Õß ’≈Õß°Õß ·µà¡’
√“¬ß“π‡°’Ë¬«°—∫°“√„™â ’‡ªìπ¥—™π’„π°“√‡°Á∫‡°’Ë¬«º≈ª“≈å¡
πÈ”¡—π ‚¥¬®–∑”°“√»÷°…“°“√‡ª≈’Ë¬π·ª≈ß¢Õß ’¥â«¬°“√
∂à“¬¿“æ¥â«¬°≈âÕß¥‘®‘µÕ≈¿“¬„µâ°“√§«∫§ÿ¡· ß ‚¥¬„™â· ß
®“°À≈Õ¥π’ÕÕπ·∫∫«ß°≈¡ ®“°π—Èππ”¿“æ∑’Ë‰¥â¡“µ°·µàß
¥â«¬‚ª√·°√¡ Adobe Photoshop ·≈â«π”¿“æ∑’Ëºà“π°“√
µ°·µàß·≈â«¡“∑”°“√«‘‡§√“–Àå ’¥â«¬‚ª√·°√¡ CAOP °àÕπ
®–π”‰ª°”Àπ¥‡«≈“°“√µ—¥∑–≈“¬ª“≈å¡ ( ÿª√“≥’, 2546)

°“√°√–∑∫¢Õß· ßÀ√◊Õ∑“ß‡¥‘π¢Õß· ß®– “¡“√∂
°√–∑”‰¥â∫π«—µ∂ÿ„¥Ê  ·≈–«—µ∂ÿ„¥Ê ‡À≈à“π—Èπ°Á®–∑”„Àâ
¥«ßµ“‡ÀÁπ ’‰¥â   ’‰¡à„™à‡°‘¥®“°§ÿ≥ ¡∫—µ‘¢Õß«—µ∂ÿ  ·µà‡ªìπ
 ‘Ëß∑’Ë‡°‘¥®“°§«“¡·µ°µà“ß¢Õß§«“¡¬“«§≈◊Ëπ¢Õßæ≈—ßß“π
°“√·ºà√—ß ’∑’Ëµ°°√–∑∫≈ß∫π‡√µ‘π“ ·≈â«∑”„Àâ∫ÿ§§≈√Ÿâ ÷°À√◊Õ
¡Õß‡ÀÁπ‡ªìπ ’ÕÕ°¡“ §ÿ≥ ¡∫—µ‘¢Õß ‡ª°µ√—¡∑’Ë°√–®“¬„π
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«—µ∂ÿ‡ªìπµ—« √â“ß ’‡©æ“–¢÷Èπ´÷Ëß®–‰ª∑”„Àâµ“√Ÿâ ÷°«à“‡ÀÁπ ’∫π
«—µ∂ÿπ—Èπ ∂â“·À≈àß°”‡π‘¥· ßÀ√◊Õ«—µ∂ÿ¡’°“√‡ª≈’Ë¬π·ª≈ß  ’∑’Ë
µ“®–‡ÀÁπ°Á®–‡ª≈’Ë¬π·ª≈ßµ“¡‰ª¥â«¬ ∂â“· ß∑’Ë¡’§«“¡¬“«
§≈◊ËπæÕ‡æ’¬ßµ°°√–∑∫∫π‡√µ‘π“¢Õß¥«ßµ“ ‡™àπ §«“¡¬“«
§≈◊Ëπ 650 π“‚π‡¡µ√ §«“¡√Ÿâ ÷° ’∑’Ë‡°‘¥¢÷Èπ®–™—¥‡®π ·≈–
®–°√–µÿâπ∫àß∫Õ°«à“‡ªìπ ’·¥ß §«¡√Ÿâ ÷°¢Õß°“√‡ÀÁπ ’®–‡°‘¥
®“°°“√°√–∑”¢Õßæ≈—ßß“π·ºà√—ß ’∑’Ë¡’§«“¡¬“«§≈◊Ëπ®”‡æ“–
µà“ßÊ °√–∑”≈ß∫π‡√µ‘π“¢Õß¥«ßµ“∫ÿ§≈ª°µ‘  ®“°°“√
∑¥≈Õß¢Õßπ‘«µ—π ‡ªìπ°“√· ¥ß∂÷ß∏√√¡™“µ‘¢Õß· ß®–¡’º≈
°√–∑∫∂÷ß°“√¡Õß‡ÀÁπ ’ ‡™àπ °“√¡Õß«—µ∂ÿ∑’Ë¡’ ¿“«–¢Õß
· ß·µ°µà“ß°—πÕÕ°‰ª ‡™àπ ¿“¬„µâ· ß‡∑’¬π · ß·¥¥  ’∑’Ë
¡Õß‡ÀÁπ°Á®–¡’§«“¡·µ°µà“ß°—πÕÕ°‰ª¥â«¬ ∑—Èßπ’È‡æ√“– ’∑’Ë
¡Õß‡ÀÁπ®–¢÷ÈπÕ¬Ÿà°—∫· ß∑’Ëµ°À√◊Õ©“¬≈ß∫π«—µ∂ÿπ—Èπ µ≈Õ¥
®π°“√ –∑âÕπ¢Õß«—µ∂ÿ‡Õß·≈–°“√µÕ∫ πÕß¢Õß¥«ßµ“¥â«¬
 ’∑’Ë‡°‘¥¢÷Èππ’È®–‡ªìπª√“°Ø°“√≥å∑’Ë‡√’¬°«à“ °“√‡≈◊Õ°¥Ÿ¥°≈◊π
´÷Ëß®–¢÷Èπ°—∫§ÿ≥ ¡∫—µ‘¢Õß«— ¥ÿ∑’Ë‡ªìπ«—µ∂ÿπ—Èπ  ®–‡ªìπ°“√
∑”„Àâ‡°‘¥°√–∫«π°“√¥Ÿ¥°≈◊πÀ√◊Õ≈¥≈ß¢Õß ’ °√–∫«π°“√
¥—ß°≈à“«®–‡ªìπ ‘Ëß∑’ËÕ∏‘∫“¬∂÷ß‡Àµÿº≈∑’Ë«à“§«“¡¬“«§≈◊Ëπ¢Õß
· ß∫“ß à«π∫“ß™à«ß®– “¡“√∂ –∑âÕπÕÕ°‰ª ´÷Ëß®–∑”„Àâ
«—µ∂ÿª√“°Ø ’ÕÕ°¡“  «—µ∂ÿ∑’Ë‡ªìπ ’‡∑“®–¡’‡ªÕ√å‡´Áπµå°“√
¥Ÿ¥°≈◊π≈”· ß·πàπÕπ (Õ√«√√≥, 2543)

°“√µ√«®«—¥ ’¢Õß· ßπ—Èπ · ß∑’ËµâÕß°“√«—¥Õ“®‡ªìπ
· ß∑’Ë àÕßµ√ß¡“®“°µâπ°”‡π‘¥· ß°Á‰¥â À√◊Õ‡ªìπ· ß –∑âÕπ
¡“®“°«— ¥ÿ°Á‰¥â  „π°√≥’∑’Ë‡ªìπ· ß∑’Ë –∑âÕπ¡“®“°«— ¥ÿ°Á
‡∑à“°—∫‡ªìπ°“√«—¥ ’¢Õß«— ¥ÿπ—Ëπ‡Õß

®“°µ—«Õ¬à“ß¢Õß°“√»÷°…“¥—ß°≈à“« “¡“√∂π”¡“‡ªìπ
·π«∑“ß„π°“√»÷°…“À“™à«ß‡«≈“∑’Ë‡À¡“– ¡„π°“√‡°Á∫‡°’Ë¬«
™àÕ≈Õß°Õß∑’Ë¡’§ÿ≥¿“æ¡’Õ“¬ÿ„π°“√«“ß¢“¬‰¥âπ“π ·≈–
 “¡“√∂ àß‰ª¢“¬„π√–¬–∑“ß‰°≈Ê ‰¥â ‡æ◊ËÕ àßº≈„Àâ™“« «π
¡’√“¬‰¥â‡æ‘Ë¡¢÷Èπ

«— ¥ÿ Õÿª°√≥å ·≈–«‘∏’°“√«‘®—¬

‡≈◊Õ° «π≈Õß°Õß¢Õß‡°…µ√°√∑’Ë¡’°“√¥Ÿ·≈√—°…“‡ªìπ
Õ¬à“ß¥’ ·≈–¡’®”π«πµâπ≈Õß°Õß∑’Ë„Àâº≈º≈‘µ·≈â«¡“°æÕµàÕ
°“√∑¥≈Õß ‚¥¬‰¥â∑”°“√∑¥≈Õß∑’Ë Õ”‡¿Õ‚§°‚æ∏‘Ï ®—ßÀ«—¥
ªíµµ“π’  ‡√‘Ë¡∑”°“√∑¥≈Õß„π‡¥◊Õπ‡¡…“¬π 2547  ·≈–
 ‘Èπ ÿ¥°“√∑¥≈Õß‡¥◊Õπ∏—π«“§¡ 2547 µâπ≈Õß°Õß∑’Ë∑”°“√

∑¥≈Õß¡’Õ“¬ÿª√–¡“≥ 10 ªï  µâπ‰¡à Ÿß¡“°π—°‡æ◊ËÕ§«“¡
 –¥«°µàÕ°“√∑¥≈Õß ·∫àß°“√∑¥≈ÕßÕÕ°‡ªìπ 2 À—«¢âÕ°“√
∑¥≈Õß §◊Õ 1) °“√»÷°…“§ÿ≥ ¡∫—µ‘∑“ß¥â“π‡§¡’¢Õß≈Õß°Õß
·≈– 2) °“√»÷°…“ ‡ª°µ√—¡¢Õß ’º‘«≈Õß°Õß

1. »÷°…“§ÿ≥ ¡∫—µ‘∑“ß‡§¡’¢Õß≈Õß°Õß

°“√»÷°…“§ÿ≥ ¡∫—µ‘∑“ß‡§¡’¢Õß≈Õß°Õß„™â «π¢Õß
‡°…µ√°√ «π‡¥’¬«°—π ·∫àß≈Õß°ÕßÕÕ°‡ªìπ 4 √ÿàπ ·µà≈–
√ÿàπ„™â™àÕ¥Õ°≈Õß°Õß∑’Ë¡’¥Õ°·√°∫“πæ√âÕ¡°—π

1.1 ºŸ°ªÑ“¬™àÕ¥Õ° ·≈–∫—π∑÷°«—π∑’Ë¥Õ°·√°∫“π
1.2 µ√«®«—¥§«“¡À«“π¢Õß‡π◊ÈÕ≈Õß°Õßµ—Èß·µà

≈Õß°ÕßÕ“¬ÿ‰¥âª√–¡“≥ 10  —ª¥“Àåπ—∫®“°¥Õ°·√°∫“π
®π°√–∑—ËßÕ“¬ÿª√–¡“≥ 17  —ª¥“Àå ≈Õß°Õß ÿ°‡µÁ¡∑’Ë ‚¥¬
®–· ¥ß„π√Ÿª¢Õßª√‘¡“≥¢Õß¢Õß·¢Áß∑’Ë≈–≈“¬‰¥â∑—ÈßÀ¡¥
(total soluble Solid: TSS) ‚¥¬„™â‡§√◊ËÕß¡◊Õ Hand
Refractometer ∑”°“√‡µ√’¬¡µ—«Õ¬à“ß‚¥¬°“√ªíòπµ—«Õ¬à“ß
™‘Èπ≈Õß°Õß„Àâ≈–‡Õ’¬¥ ®“°π—Èππ”¡“§—Èπ‡Õ“πÈ”≈Õß°Õß ·≈â«
°√ÕßπÈ”≈Õß°Õß¥â«¬ºâ“¢“«∫“ß π”πÈ”≈Õß°Õß∑’Ë‰¥â®“°°“√
°√Õß¡“«—¥§à“  §à“∑’Ë‰¥â‡ªìπÕß»“∫√‘° å (oB) À√◊Õ %TSS

1.3 «‘‡§√“–Àåª√‘¡“≥°√¥∑—ÈßÀ¡¥ (titratable acid-
ity: TA) (°’√µ‘ ·≈–ª√–¥‘…∞å, 2544) π”πÈ”≈Õß°Õß∑’Ë‰¥â
®“°°“√°√Õß„π¢âÕ (1.2)  à«πÀπ÷Ëß¡“‰µ‡µ√∑°—∫ “√≈–≈“¬
¡“µ√∞“π‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å (sodium hydroxide
solution) ‚¥¬„™â Phenolphthalein ‡¢â¡¢âπ 1% ‡ªìπ
indicator ·≈â«§”π«≥À“ª√‘¡“≥°√¥∑—ÈßÀ¡¥„π√Ÿª¢Õß°√¥
´‘µ√‘° (citric acid)

1.4 §”π«≥ª√‘¡“≥¢Õß¢Õß·¢Áß∑’Ë≈–≈“¬‰¥â∑—ÈßÀ¡¥
µàÕª√‘¡“≥°√¥∑—ÈßÀ¡¥ (TSS:TA) ¢Õß·µà≈–«—π∑’Ë∂à“¬¿“æ
≈Õß°Õß ∑—Èßπ’È‡æ◊ËÕ∑’Ë®–π”‰ª„™â„π°“√‡ª√’¬∫‡∑’¬∫°—∫º≈∑’Ë‰¥â
®“°°“√«‘‡§√“–Àå ’®“°¿“æ∂à“¬≈Õß°Õß

2. »÷°…“ ‡ª°µ√—¡¢Õß ’º‘«≈Õß°Õß

°“√»÷°…“ ‡ª°µ√—¡¢Õß ’º‘«≈Õß°Õß  „™â «π¢Õß
‡°…µ√°√ «π‡¥’¬«°—π·≈–·∫àß≈Õß°ÕßÕÕ°‡ªìπ 4 √ÿàπ‡™àπ
‡¥’¬«°—∫°“√»÷°…“ ¡∫—µ‘∑“ß‡§¡’ ·µà≈–√ÿàπ∑”°“√ ÿà¡µ—«Õ¬à“ß
‡≈◊Õ°™àÕ≈Õß°Õß µâπ≈– 2 ™àÕ √«¡™àÕ≈Õß°Õß√ÿàπ≈–ª√–¡“≥
10-15 ™àÕ·≈–·µà≈–™àÕ¡’¥Õ°·√°∫“πæ√âÕ¡°—π ‚¥¬Õ“¬ÿ
¢Õß≈Õß°Õß·µà≈–√ÿàπ Õ¥§≈âÕß°—∫Õ“¬ÿ¢Õß≈Õß°Õß∑’Ëπ”¡“



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 29 ©∫—∫∑’Ë 5 °.¬. - µ.§. 2550
°“√«‘‡§√“–Àå ‡ª°µ√—¡ ’º‘«™àÕ≈Õß°Õß

æ«ß∑‘æ¬å  ·°â«∑—∫∑‘¡ ·≈–§≥–1431

»÷°…“°“√‡ª≈’Ë¬π·ª≈ß∑“ß∑“ß‡§¡’ ∑—Èßπ’È°Á‡æ◊ËÕ∑’Ë®– “¡“√∂
π”¡“„™â‡ª√’¬∫‡∑’¬∫°—π‰¥â

2.1 °“√∂à“¬¿“æ≈Õß°Õß
 √â“ß°≈àÕß§«∫§ÿ¡§«“¡‡¢â¡· ß‡æ◊ËÕ°—π‰¡à„Àâ

· ß¿“¬πÕ°√∫°«π„π¢≥–∂à“¬¿“æ™àÕ≈Õß°Õß ·≈– √â“ß
√–∫∫®à“¬§«“¡µà“ß»—°¬å‰øøÑ“„Àâ°—∫À≈Õ¥ LED  ’·¥ß ·≈–
À≈Õ¥  LED   ’‡¢’¬«  (Figure  1b)  ‡≈◊Õ°„™âÀ≈Õ¥  LED
‡æ◊ËÕµâÕß°“√„™â· ß∑’Ë ‡ª°µ√—¡‡¥’¬«‡æ◊ËÕ„Àâ Õ¥§≈âÕß°—∫ ’º‘«
æ◊Èπ∞“π¢Õß≈Õß°Õß  ·≈â«„™â·∫µ‡µÕ√’Ë¢π“¥ 12 ‚«≈µå‡ªìπ
·À≈àß®à“¬‰ø (Figure 1c)  π”øî«‡®Õ√å∫Õ√å¥ ’¢“« ¢π“¥
‚µ°«à“™àÕ≈Õß°ÕßæÕª√–¡“≥¡“µ√÷ßµ‘¥∑’Ë¥â“πÀ≈—ß¢Õß™àÕ
≈Õß°Õß (Figure 1a) π”°≈àÕß§«∫§ÿ¡§«“¡‡¢â¡· ß¡“§√Õ∫
‚¥¬µ√÷ß°≈àÕß§«∫§ÿ¡§«“¡‡¢â¡· ßµ‘¥°—∫°‘Ëß≈Õß°Õß ®—¥
µ”·Àπàß¢Õß°≈àÕß§«∫§ÿ¡§«“¡‡¢â¡· ß„Àâ‡À¡“– ¡ (Figure
1c) ·≈â«∑”°“√∂à“¬¿“æ¥â«¬°≈âÕß¥‘®‘µÕ≈(CANON √ÿàπ
PowerShot A20)  µ—Èß¿“æ„Àâ¡’¢π“¥ 480x640 pixel  ‰¡à

‡ªî¥·ø≈™ µ—Èß§à“§«“¡≈–‡Õ’¬¥¢Õß¿“æ Ÿß ÿ¥ ‚¥¬®–∑”°“√
∂à“¬¿“æ´È”∑—ÈßÀ¡¥ 8 §√—Èß„π·µà≈–·À≈àß°”‡π‘¥· ß LED
¥—ß· ¥ß„π Figure 1

2.2 °“√«‘‡§√“–Àå ’¢Õß¿“æ∂à“¬™àÕ≈Õß°Õß
‡≈◊Õ°™àÕ≈Õß°Õß∑’Ë‰¡à‰¥â√—∫º≈°√–∑∫®“° ‘Ëß

·«¥≈âÕ¡¿“¬πÕ°¡“∑”°“√«‘‡§√“–Àåº≈ ´÷Ëß¡’®”π«π∑—Èß ‘Èπ
30 ™àÕ π”¿“æ∂à“¬™àÕ≈Õß°Õß¡“«‘‡§√“–Àå ’¥â«¬‚ª√·°√¡
«‘‡§√“–Àå ’ CAOL (Color Analysis of Longkong) ´÷Ëß
‡ªìπ‚ª√·°√¡∑’Ë‰¥âæ—≤π“¢÷Èπ¡“ ‚¥¬‡√‘Ë¡µâπ°”Àπ¥µ”·Àπàß
æ◊Èπ∑’Ë«‘‡§√“–Àå∫πº‘«≈Õß°Õß (‡≈◊Õ°º‘«≈Õß°Õß∫√‘‡«≥∑’Ë
‡°≈’È¬ß‰¡à¡’‡™◊ÈÕ√“) ·µà≈–™àÕ®–°”Àπ¥æ◊Èπ∑’Ë«‘‡§√“–Àåª√–¡“≥
5-7 «ß°≈¡ ´÷Ëß„™â‡ªìπµ—«·∑π¢Õß≈Õß°Õß™àÕπ—ÈπÊ ‰¡à‰¥â
«‘‡§√“–Àå∑—Èß™àÕ¥—ß· ¥ß„π Figure 2 ∑”„Àâ¢—ÈπµÕππ’È –¥«°
‰¡àµâÕß‡ ’¬‡«≈“°—∫°“√µ°·µàß¿“æ¥â«¬‚ª√·°√¡ photoshop
 “¡“√∂«‘‡§√“–Àå¿“æ‰¥â‡≈¬ À≈—ß®“°°”Àπ¥µ”·Àπàßæ◊Èπ∑’Ë
«‘‡§√“–Àå·≈â« ®“°π—Èπ‚ª√·°√¡ CAOL ®–∑”°“√«‘‡§√“–Àå

Figure 1. Image Acquisition Setting (a) Piece of future board behind a Longkong bunch (b)
box control sunshine (c) box control sunshine with Longkong bunch and Power
Shot A20

Figure 2.  Image of Longkong bunch (a) Before analysis (b) After analysis
(Color figure can be viewed in the electronic version)
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 ’„π·µà≈–æ‘°‡´≈ ·µà≈–«ß‡≈Á°Ê ∑’Ë‰¥â°”Àπ¥‰«â„πµÕπ·√°
‚¥¬‚ª√·°√¡®–∑”°“√Õà“π§à“  ’·¥ß(R)  ’‡¢’¬«(G) ·≈–
 ’πÈ”‡ß‘π (B) ¢Õß·µà≈–æ‘°‡´≈„π·µà≈–æ◊Èπ∑’Ë«ß‡≈Á°Ê π—Èπ
®“°π—Èπ®–∑”°“√√«¡§à“®”π«πæ‘°‡´≈¢Õß R ∑—ÈßÀ¡¥‡ªìπ
µ—«·∑π¢Õß ’ R ·≈â«√«¡§à“®”π«πæ‘°‡´≈¢Õß G, B ∑—ÈßÀ¡¥
‡ªìπµ—«·∑π¢Õß ’ G ·≈– B µ“¡≈”¥—∫  ∑”°“√«‘‡§√“–Àå„π
≈—°…≥–‡¥’¬«°—ππ’È∑—Èß®“°¿“æ∂à“¬¥â«¬°≈âÕß¥‘®‘µÕ≈‚¥¬„™â
·À≈àß°”‡π‘¥· ß LED  ’·¥ß·≈– ’‡¢’¬« µ≈Õ¥√–¬–‡«≈“
„π°“√‡°Á∫¢âÕ¡Ÿ≈ ‚¥¬®–∑”°“√‡°Á∫¿“æ¢Õß≈Õß°Õß™àÕ‡¥‘¡
«—π‡«âπ«—π π—∫µ—Èß·µà≈Õß°Õß™àÕπ—Èπ‡¢’¬«°√–∑—Ëß‡À≈◊Õß “¡“√∂
‡°Á∫º≈º≈‘µ‰¥â ·≈–‡À≈◊Õß·°à „™âæ◊Èπ∑’Ë«‘‡§√“–Àåµ”·Àπàß‡¥‘¡
∑ÿ°§√—Èß ¥—ß∑’Ë‰¥âÕ∏‘∫“¬‰«â„π·ºπº—ß¥—ß Figure 3

º≈·≈–°“√«‘‡§√“–Àåº≈

º≈°“√∑¥≈Õß‡æ◊ËÕ»÷°…“À“™à«ß‡«≈“‡°Á∫‡°’Ë¬«™àÕ
≈Õß°Õß ‰¥â∑”°“√»÷°…“ª√‘¡“≥ TSS:TA ¢Õßº≈≈Õß°Õß
∑—ÈßÀ¡¥ 4 √ÿàπ ·≈–∑”°“√«‘‡§√“–Àåª√‘¡“≥ ‡ª°µ√—¡ ’ RGB
®“°¿“æ∂à“¬™àÕ≈Õß°Õß ‚¥¬„™â· ß®“°À≈Õ¥ LED  ’·¥ß

·≈–À≈Õ¥ LED  ’‡¢’¬«¢Õßº≈≈Õß°Õß®“° 4 √ÿàπ¥—ß°≈à“«
√«¡∑—ÈßÀ¡¥ 30 ™àÕ  ·∫àßº≈°“√∑¥≈ÕßÕÕ°‡ªìπ 2 À—«¢âÕ
§◊Õ 1) º≈°“√»÷°…“§ÿ≥ ¡∫—µ‘∑“ß¥â“π‡§¡’¢Õß≈Õß°Õß ·≈–
2) º≈°“√»÷°…“ ‡ª°µ√—¡¢Õß ’º‘«≈Õß°Õß

1. º≈°“√»÷°…“§ÿ≥ ¡∫—µ‘∑“ß‡§¡’¢Õß≈Õß°Õß

®“°°√“ø· ¥ß§à“§«“¡À«“πµàÕ°√¥‡∑’¬∫°—∫
Õ“¬ÿ¢Õß≈Õß°Õß (TSS:TA) ¥—ß· ¥ß„π Figure 4  “¡“√∂
·¬°‰¥â‡ªìπ°√“ø‡ âπµ√ß Õß à«π ‡ âπµ√ß à«π·√°‡ªìπ™à«ß
·√°Ê ¢Õß°“√‡®√‘≠‡µ‘∫‚µ¢Õß≈Õß°Õß®π°√–∑—Ëß≈Õß°Õß¡’
Õ“¬ÿ 82 «—π π—∫®“°«—π∑’Ë¥Õ°·√°∫“π °“√‡ª≈’Ë¬π·ª≈ß∑“ß
‡§¡’¿“¬„πº≈≈Õß°Õß§àÕπ¢â“ß®–πâÕ¬  ¥—ß®–‡ÀÁπ‰¥â«à“‡ âπ
µ√ß à«ππ’È®–¢π“π°—∫·π«πÕπ π—Ëπ§◊Õ ¡’§«“¡™—ππâÕ¬  ‡ âπ
µ√ß„π à«π∂—¥¡“®–‡ÀÁπ«à“‡ âπ°√“ø¡’≈—°…≥–‡ªìπ‡ âπµ√ß∑’Ë
¡’§«“¡™—π‡æ‘Ë¡¢÷Èπ¡“° π—Ëπ§◊Õ ‡ªìπ™à«ß∑’Ë¡’°“√‡ª≈’Ë¬π·ª≈ß
∑“ß‡§¡’Õ¬à“ß√«¥‡√Á«∑—Èßπ’È‡ªìπ‡æ√“–«à“ª√‘¡“≥¢Õß·¢Áß∑’Ë
≈–≈“¬‰¥â¡’§à“‡æ‘Ë¡¢÷Èπ¡“°  „π¢≥–∑’Ë§à“§«“¡‡ªìπ°√¥¡’§à“
≈¥≈ß¡“°

2. º≈°“√»÷°…“ ‡ª°µ√—¡¢Õß ’º‘«≈Õß°Õß

· ¥ßº≈°“√«‘‡§√“–Àå ‡ª°µ√—¡®“°°“√∂à“¬¿“æ

Introduce the image to CAOL software (Figure 2a)

Determine the area of analyzed image into pixel (figure 2b)

Analyse R G and B in each pixel

Divide the summation of  Red level by number of  pixel

Divide the summation of  Green level by number of  pixel

Divide the summation of  Blue level by number of  pixel

Figure 3.  The procedure for RGB spectrum of Longkong analysis
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Table 1. The TSS:TA content of Longkong fruit for 4 sets

Date Set 1 Set2 Set3 Set4 Average
(days)

65 3.25 3.25
68 2.87 2.87
69 3.56 3.17 3.37
70 2.81 2.81
72 3.40 3.40
73 3.83 3.44 3.63
74 2.97 2.97
75 3.22 3.22
76 3.67 3.67
77 2.58 2.58
79 3.29 3.14 3.21
80 5.11 5.11
81 3.9 3.90
82 2.45 2.45
83 6.02 6.02
84 5.51 4.98 6.26
85 8.66 3.41 6.69 6.25
86 8.85 6.95 3.41 7.69 6.97
87 8.46 3.05 11.83 7.78
88 9.38 4.22 7.94 7.18
89 9.90 3.04 3.41 14.70 7.76
90 6.95 14.82 10.89
91 13.32 2.81 3.05 8.75 6.98
92 13.72 5.25 20.75 13.24
93 11.48 9.79 20.06 13.78
94 12.43 12.01 19.44 14.63
95 17.14 13.36 24.51 18.34
96 18.10 16.76 20.21 18.36
97 18.23 11.76 24.49 18.16
98 20.31 16.98 18.64
99 20.59 15.58 21.23 19.13
100 18.14 18.56 23.71 20.13
101 23.14 20.61 21.88
102 19.68 23.61 19.91 21.07
103 21.24 19.80 25.48 22.15
104 19.75 26.40 23.08
105 23.60 23.60
106
107
108
109

‚¥¬„™â·À≈àß°”‡π‘¥· ß®“°À≈Õ¥ LED  ’‡¢’¬« æ∫«à“ „π
¢≥–∑’Ëº≈≈Õß°Õß¡’Õ“¬ÿ¡“°¢÷Èπ‡√◊ËÕ¬Ê ª√‘¡“≥ ‡ª°µ√—¡ ’
·¥ß·≈– ’‡¢’¬«  ¡’§à“‡æ‘Ë¡¢÷Èπ‡√◊ËÕ¬Ê  ‡¡◊ËÕ∂÷ß®ÿ¥Àπ÷Ëß®–¡’§à“

≈¥≈ß ¥—ß· ¥ß„π Figure 5(a) ·≈– 5(b)  à«π ‡ª°µ√—¡
 ’πÈ”‡ß‘π¡’§à“≈¥≈ß„π≈—°…≥–‡ âπµ√ß ¥—ß· ¥ß„π Figure
5(c)  ”À√—∫ ‡ª°µ√—¡®“°°“√∂à“¬¿“æ‚¥¬„™â·À≈àß°”‡π‘¥
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· ß®“°À≈Õ¥ LED  ’·¥ß æ∫«à“ ª√‘¡“≥ ‡ª°µ√—¡ ’·¥ß
®–‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ≈Õß°Õß¡’Õ“¬ÿ¡“°¢÷Èπ  „π¢≥–∑’Ë ‡ª°µ√—¡
 ’‡¢’¬«·≈– ’πÈ”‡ß‘π¡’§à“≈¥≈ß ¥—ß· ¥ß„π Figure 5(d), 5(e)
·≈– 5(f) µ“¡≈”¥—∫ ®“°°√“ø„Àâ·°π X · ¥ßÕ“¬ÿ¢Õß
≈Õß°Õßπ—∫®“°«—π∑’Ë≈Õß°Õß¥Õ°·√°  à«π·°π Y ª∞¡¿Ÿ¡‘
· ¥ß§à“¢Õß ‡ª°µ√—¡ ’º‘«

º≈°“√«‘‡§√“–Àå ‡ª°µ√—¡ ’º‘«∑’Ë·ª√º°º—π°—∫
Õ“¬ÿ¢Õß≈Õß°Õß ‰¥â·°à  ‡ª°µ√—¡ ’πÈ”‡ß‘π®“°°“√„™âÀ≈Õ¥
LED  ’‡¢’¬«·≈– ’·¥ß  ·≈– ‡ª°µ√—¡ ’‡¢’¬«®“°°“√„™â
À≈Õ¥ LED  ’·¥ß ‚¥¬‡≈◊Õ°«‘‡§√“–Àå≈Õß°Õß∑’Ë¡’Õ“¬ÿ 83
«—ππ—∫®“°«—π∑’Ë¥Õ°·√°∫“π ‡π◊ËÕß®“°°“√‡ª≈’Ë¬π·ª≈ß¢Õß
TSS:TA „π™à«ßÀ≈—ß«—ππ’È¡’≈—°…≥–‡ªìπ‡ âπµ√ß∑’Ë§àÕπ¢â“ß™—π
‚¥¬„Àâ·°π X ·∑πÕ“¬ÿ¢Õß≈Õß°Õßπ—∫®“°«—π∑’Ë¥Õ°·√°
∫“π  ·°π Y ª∞¡¿Ÿ¡‘·∑π ‡ª°µ√—¡ ’º‘«  ·≈–·°π Y
∑ÿµ‘¬¿Ÿ¡‘·∑π§à“ TSS:TA  ·≈–º≈°“√«‘‡§√“–Àå§à“§«“¡
§≈“¥‡§≈◊ËÕπ√–À«à“ß«—π¢Õß°“√‡ª≈’Ë¬π·ª≈ß (±1σ) ¢Õß
 ‡ª°µ√—¡ æ∫«à“  ‡ª°µ√—¡ ’πÈ”‡ß‘π®“°°“√„™âÀ≈Õ¥ LED
 ’‡¢’¬«; Bg (Figure 6a) ¡’§«“¡ —¡æ—π∏å‡ªìπ·∫∫‡™‘ß‡ âπ
°—∫Õ“¬ÿ¢Õß≈Õß°Õßµ“¡ ¡°“√  y = -0.2319x+29.516,
R2 = 0.4661 (y = Blue color level, x = date)  ”À√—∫
 ‡ª°µ√—¡ ’‡¢’¬«®“°°“√„™âÀ≈Õ¥ LED  ’·¥ß; Gr (Figure
6b) ¡’§«“¡ —¡æ—π∏å‡ªìπ·∫∫‡™‘ß‡ âπ°—∫Õ“¬ÿ¢Õß≈Õß°Õßµ“¡
 ¡°“√ y = -0.3752x+39.113, R2 = 0.6592 (y = Green
color level, x = date)   à«π ‡ª°µ√—¡ ’πÈ”‡ß‘π®“°°“√„™â
À≈Õ¥ LED  ’·¥ß; Br (Figure 6c) ¡’§«“¡ —¡æ—π∏å‡ªìπ
·∫∫‡™‘ß‡ âπ°—∫Õ“¬ÿ≈Õß°Õßµ“¡ ¡°“√ y = -0.4483x +

Figure 4.   Changes of  TSS:TA content with dates for 4 Longkong sets

48.565, R2 = 0.8089 (y = Blue color level, x = date)
„π°√≥’¢Õß§«“¡ —¡æ—π∏å√–À«à“ß§à“ TSS:TA °—∫Õ“¬ÿ¢Õß
≈Õß°Õß‡ªìπ‰ªµ“¡ ¡°“√ y = 0.919x - 71.937 (y =
TSS:TA, x = date)  ‡π◊ËÕß®“°§à“‰§ ·§«√å (R2) ¢Õß
 ‡ª°µ√—¡ ’πÈ”‡ß‘π®“°°“√„™â·À≈àß°”‡π‘¥· ß LED  ’·¥ß;
Br ¡’§à“ Ÿß ÿ¥ ¥—ßπ—Èπ®÷ß‡≈◊Õ° ‡ª°µ√—¡ ’π’È‡ªìπ¥—™π’„π°“√
°”Àπ¥√–¬–‡°Á∫‡°’Ë¬«º≈≈Õß°Õß

®“°°“√æ‘®“√≥“°√“ø„π (Figure 6c) æ∫«à“
‡ âπ°√“ø Br µ—¥°—∫°√“ø TSS:TA µ√ß°—∫≈Õß°Õß¡’Õ“¬ÿ
96 «—π  à«π°√“ø§«“¡§≈“¥‡§≈◊ËÕπµ—¥°—πµ√ß°—∫≈Õß°Õß¡’
Õ“¬ÿ 89 ·≈– 103 «—π µ“¡≈”¥—∫ π—∫®“°«—π∑’Ë≈Õß°Õß¥Õ°
·√°∫“π π—Ëπ§◊Õ  “¡“√∂µ—¥≈Õß°Õß‰¥â„π™à«ß∑’Ë≈Õß°Õß¡’Õ“¬ÿ
89-103 «—ππ—∫®“°«—π∑’Ë¥Õ°·√°∫“π À√◊Õ 96±7 «—π ·≈–
®“°°“√æ‘®“√≥“°√“ø„π™à«ß«—π¥—ß°≈à“« æ∫«à“  TSS:TA ¡’
§à“Õ¬Ÿà√–À«à“ß 9.85-22.72 À√◊Õ 16.29±6.44 ·≈–√–¥—∫
 ’πÈ”‡ß‘πµàÕæ‘°‡´≈; Br ¡’§à“Õ¬Ÿà√–À«à“ß 8.67-2.39 À√◊Õ
5.53±3.14 µ“¡≈”¥—∫ π—Ëπ§◊Õ §à“ TSS:TA ¡’§à“‡æ‘Ë¡¢÷Èπ
0.91/«—π ·≈–§à“ Br ¡’§à“≈¥≈ß 0.45/«—π µ“¡≈”¥—∫

 √ÿªº≈°“√»÷°…“·≈–«‘®“√≥å

°“√»÷°…“À“√–¬–‡°Á∫‡°’Ë¬«∑’Ë‡À¡“– ¡¢Õß≈Õß°Õß
‚¥¬«‘‡§√“–Àå ‡ª°µ√—¡ ’·¥ß  ’‡¢’¬« ·≈– ’πÈ”‡ß‘π ¢Õßº‘«
≈Õß°Õß®“°°“√∂à“¬¿“æ¥â«¬°≈âÕß¥‘®‘µÕ≈ „™â LED  ’·¥ß
·≈– ’‡¢’¬«‡ªìπ·À≈àß°”‡π‘¥· ß æ∫«à“  ‡ª°µ√—¡ ’πÈ”‡ß‘π
®“°°“√„™â LED  ’·¥ß‡ªìπ·À≈àß°”‡π‘¥· ß; Br ¡’§«“¡
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Table 2. Color level per pixel from images of Longkong
analysed by CAOL software

Date Rg Gg Bg Rr Gr Br
(days)

65
68
69
70 10.40 11.10 8.60 15.80 8.00 9.40
71 13.80 14.61 9.83 17.58 9.00 10.55
72
73 19.10 20.50 14.70 28.50 10.10 18.40
74 11.21 13.04 8.88 16.12 7.99 9.93
75 17.10 18.52 14.33 25.33 10.93 17.40
76 15.85 17.55 11.90 23.80 9.60 13.47
77 13.93 19.30 10.65 22.50 8.42 12.06
78 15.49 17.16 13.31 23.49 9.66 14.66
79 13.94 16.44 9.57 23.12 8.75 10.98
80 17.83 22.93 12.73 29.69 8.83 14.02
81 18.37 22.49 12.57 35.24 8.42 14.28
82 18.55 24.40 11.00 32.92 7.68 12.86
83 24.44 33.85 11.99 51.53 6.29 13.57
84 18.77 24.81 12.14 36.03 7.38 13.44
85 27.30 40.78 9.61 69.78 4.55 10.12
86 18.84 27.13 13.63 27.94 8.62 11.72
87 30.63 39.83 11.30 69.59 7.61 10.99
88 21.36 36.73 8.51 65.70 4.80 6.31
89 27.80 38.77 6.44 59.76 9.40 9.06
90 31.04 49.01 5.37 75.73 10.29 5.63
91 31.06 43.01 7.67 73.91 7.81 8.35
92 37.26 59.14 7.75 105.71 5.72 8.96
93 31.41 47.29 7.57 95.76 6.92 6.17
94 24.17 50.79 4.36 100.54 1.18 5.94
95 30.03 44.31 6.05 101.69 0.26 3.60
96 24.94 42.52 6.27 92.57 0.50 2.63
97 32.81 44.51 6.08 97.97 0.14 3.81
98 25.42 40.98 7.49 92.55 0.48 5.00
99 25.88 49.16 5.40 103 0.02 2.07

100 30.83 42.05 8.06 98.34 0.18 5.15
101 19.82 34.00 7.65 85.02 0.41 2.58
102 19.53 29.46 8.29 82.96 0.38 2.38
103 26.84 58.30 2.88 117.73 0.08 0.98
104 19.66 39.01 5.12 96.07 0.09 0.87
105 24.00 44.36 4.40 101.31 0.22 1.43
106 27.79 50.24 4.35 115.00 0.24 3.60
107 23.32 52.58 3.60 116.09 0.00 0.48
108 28.97 45.45 5.88 105.75 0.00 2.43
109 24.82 37.04 8.13 98.67 0.00 1.94
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Figure 5. Changes of  RGB and TSS:TA content with dates  for 30 Longkong bunches
(a) change of R with Green LED; Rg  (b) change of G with Green LED; Gg
(c) change of B with Green LED; Bg  (d) change of R with Red LED; Rr
(e) change of G with Red LED; Gr (f) change of  B with Red LED; Br

(a) (b)

(c) (d)

(e) (f)
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Figure 6. Relation between RGB color content with TSS:TA content with dates for 30
Longkong bunches
(a) Blue color level per pixel content with Green LED; Bg
(b) Green color level per pixel content with Red LED; Gr
(c) Blue color level per pixel content with Red LED; Br

‡À¡“– ¡∑’Ë®–π”¡“„™â‡ªìπ¥—™π’∫Õ°√–¬–‡°Á∫‡°’Ë¬«≈Õß°Õß
¡“°∑’Ë ÿ¥ ‡π◊ËÕß®“°°√“ø¡’°“√‡ª≈’Ë¬π·ª≈ß‡ªìπ·∫∫‡ âπµ√ß
¡“°∑’Ë ÿ¥´÷Ëßßà“¬∑’Ë ÿ¥µàÕ°“√«‘‡§√“–Àåº≈ ·≈–¡’°“√‡ª≈’Ë¬π
·ª≈ß„π≈—°…≥–≈¥≈ß‡¡◊ËÕ‡∑’¬∫°—∫Õ“¬ÿ¢Õß≈Õß°Õß

®“°°“√»÷°…“ √ÿª‰¥â«à“ Õ“¬ÿ¢Õß≈Õß°Õß∑’Ë‡À¡“– ¡
„π°“√‡°Á∫‡°’Ë¬«Õ¬Ÿà„π™à«ß  89-103  «—π  À√◊Õ  96±7  «—π
π—∫®“°«—π∑’Ë¥Õ°·√°∫“π ´÷Ëß Õ¥§≈âÕß°—∫°“√∑¥≈Õß¢Õß
Ahmad ·≈–§≥– (1998) À√◊Õæ‘®“√≥“®“°§à“ TSS:TA
÷́Ëß¡’§à“Õ¬Ÿà√–À«à“ß 9.85-22.72 À√◊Õ 16.29±6.44 À√◊Õ

æ‘®“√≥“®“°√–¥—∫ ‡ª°µ√—¡ ’πÈ”‡ß‘πµàÕæ‘°‡´≈; Br ¡’§à“Õ¬Ÿà
√–À«à“ß 8.67-2.39 À√◊Õ 5.53±3.14 µ“¡≈”¥—∫  Õ¬à“ß‰√
°Áµ“¡°“√„™â«‘∏’π—∫Õ“¬ÿ¢Õß≈Õß°Õß¡“‡ªìπ¥—™π’„π°“√‡°Á∫‡°’Ë¬«
„Àâº≈§àÕπ¢â“ß·πàπÕπ ·µà®–‡ ’¬‡«≈“¡“°·≈–¬ÿàß¬“° π—Ëπ§◊Õ
µâÕß∫—π∑÷°«—π∑’Ë¥Õ°·√°¢Õß≈Õß°Õß∫“π∑ÿ°Ê ™àÕ ‡π◊ËÕß®“°
·µà≈–µâπ·µà≈–™àÕ¢Õß≈Õß°Õß¥Õ°·√°®–∫“π‰¡àæ√âÕ¡°—π
À¡¥∑—Èßµâπ  à«π°“√„™â§à“ TSS:TA ¡“‡ªìπ¥—™π’„π°“√‡°Á∫
‡°’Ë¬«≈Õß°Õß„Àâº≈§àÕπ¢â“ß·πàπÕπ‡™àπ°—π ·µàµâÕß°√–∑”
°“√À≈“¬¢—ÈπµÕπ¬ÿàß¬“°  ‡√‘Ë¡®“°°“√‡µ√’¬¡µ—«Õ¬à“ß  °“√
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∑¥ Õ∫∑“ß‡§¡’ ·≈–«‘‡§√“–Àåº≈    ”À√—∫°“√„™â√–¥—∫
 ‡ª°µ√—¡ ’º‘«µàÕæ‘°‡´≈¡“‡ªìπ¥—™π’„π°“√‡°Á∫‡°’Ë¬«≈Õß°Õß
§àÕπ¢â“ß®– –¥«°√«¥‡√Á«  „Àâº≈·πàπÕπ  ·µàµâÕß°√–∑”
¿“¬„µâ°≈àÕß§«∫§ÿ¡· ß

Õ¬à“ß‰√°Áµ“¡ ∂â“µâÕß°“√≈Õß°Õß∑’Ë¡’™àÕ «¬ß“¡ º≈
≈Õß°Õßµ‘¥°—∫°â“π™àÕÕ¬à“ßÀπ“·πàπ √ ™“µ‘À«“πÕ¡‡ª√’È¬«
·≈– “¡“√∂π”‰ª¢“¬„π√–¬–∑“ß‰°≈Ê ‰¥â µâÕßµ—¥≈Õß°Õß
„π™à«ß∑’Ë≈Õß°Õß¡’Õ“¬ÿ 89-96 «—π π—∫®“°«—π∑’Ë¥Õ°·√°∫“π
À√◊Õ¡’§à“ TSS:TA ¡’§à“√–À«à“ß 9.85-16.29 À√◊Õ√–¥—∫
 ‡ª°µ√—¡ ’πÈ”‡ß‘πµàÕæ‘°‡´≈Õ¬Ÿà√–À«à“ß 8.67-5.53 ·µàÀ“°
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