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Abstract

The objective was to evaluate metabolizable energy (ME) requirement for maintenance of Thai
native beef cattle and Brahman beef cattle fed with tropical feed in Thailand. Database, including 104
observations from 5 indirect calorimetry study publications, were constructed and analyzed to determine
ME requirements for maintenance by linear regression (regressing ME intake and energy retention). The
metabolizable energy requirement for maintenance of Thai native beef cattle was 388.75 KJ/kgBW0.75/d
(energy retention = 0.89MEI - 345.99 (R2=0.7308, N=40, P<0.0001, SE=17.5346)) and 397.18 KJ/
kgBW0.75/d for Brahman cattle (energy retention = 0.76MEI - 301.86 (R2=0.9331, N=64, P<0.0001,
SE=6.2676). The results showed that the energy requirement of Thai native cattle was lower than that
of Brahman cattle and Bos taurus cattle (Hereford, Charolais crossbred, Angus, Holstein friesian) by
approximately 2.12 and 30 percent. Respectively.

Keywords : Brahman cattle, metabolizable energy for maintenance, Thai native cattle

∫∑§—¥¬àÕ

°“√µ√«®‡Õ° “√§√—Èßπ’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕª√–‡¡‘π§à“§«“¡µâÕß°“√æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æ
¢Õß‚§‡π◊ÈÕæ—π∏ÿåæ◊Èπ‡¡◊Õß‰∑¬·≈–‚§‡π◊ÈÕæ—π∏ÿå∫√“Àå¡—π∑’Ë‡≈’È¬ß„π ¿“æ·«¥≈âÕ¡¢Õßª√–‡∑»‰∑¬ ‚¥¬°“√√«∫√«¡¢âÕ¡Ÿ≈
®“°ß“π«‘®—¬¥â“π§«“¡µâÕß°“√æ≈—ßß“π∑’Ë„™âª√–‚¬™πå ‰¥â‡æ◊ËÕ°“√¥”√ß™’æ∑’Ë»÷°…“°“√«—¥§à“ ¡¥ÿ≈¢Õßæ≈—ßß“π ®”π«π
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5 ‡√◊ËÕß (®”π«π¢âÕ¡Ÿ≈∑—ÈßÀ¡¥ 104 ¢âÕ¡Ÿ≈ ; ·∫àß‡ªìπ‚§‡π◊ÈÕæ—π∏ÿåæ◊Èπ‡¡◊Õß 40 ¢âÕ¡Ÿ≈ ·≈–‚§‡π◊ÈÕæ—π∏ÿå ∫√“Àå¡—π
64 ¢âÕ¡Ÿ≈) „π√–À«à“ßªï æ.». 2543 ∂÷ß 2550 ·≈–∑”°“√ √â“ß ¡°“√‡ âπµ√ß (linear regression) √–À«à“ß§à“
æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â∑’Ë°‘π‰¥â (ME intake, KJ/kgBW0.75/d) ·≈–ª√‘¡“≥æ≈—ßß“π∑’Ë°—°‡°Á∫‰¥â (energy
retention, KJ/kgBW0.75/d) ‡æ◊ËÕª√–‡¡‘π§à“æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æ æ∫«à“ §à“§«“¡µâÕß°“√æ≈—ßß“π
∑’Ë„™âª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æ¢Õß‚§‡π◊ÈÕæ—π∏ÿå æ◊Èπ‡¡◊Õß‰∑¬¡’§à“‡∑à“°—∫ 388.75 KJ/kgBW0.75/d ‚¥¬¡’§à“
§«“¡ —¡æ—π∏å√–À«à“ßª√‘¡“≥æ≈—ßß“π∑’Ë°—°‡°Á∫‰¥â·≈–ª√‘¡“≥æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â∑’Ë°‘π‰¥â‡ªìπ Energy retention
= 0.89MEI - 345.99 (R2=0.7308, N=40, P<0.0001, SE=17.5346) §à“§«“¡µâÕß°“√æ≈—ßß“π∑’Ë„™âª√–‚¬™πå
‰¥â‡æ◊ËÕ°“√¥”√ß™’æ¢Õß‚§‡π◊ÈÕæ—π∏ÿå∫√“Àå¡—π¡’§à“‡∑à“°—∫ 397.18 KJ/kgBW0.75/d ‚¥¬¡’§«“¡ —¡æ—π∏å‡ªìπ Energy
retention = 0.76 MEI-301.86 (R2=0.9331, N=64, P<0.0001, SE=6.2676) ®“°°“√«‘‡§√“–Àå·≈–ª√–¡«≈º≈
§√—Èßπ’È ‰¥â· ¥ß„Àâ‡ÀÁπ«à“ ‚§‡π◊ÈÕæ—π∏ÿåæ◊Èπ‡¡◊Õß‰∑¬¡’§à“§«“¡µâÕß°“√æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æµË”°«à“
‚§‡π◊ÈÕæ—π∏ÿå∫√“Àå¡—π ª√–¡“≥ 2.12 ‡ªÕ√å‡´Áπµå ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫‚§‡π◊ÈÕ∑’Ë¡’∂‘Ëπ°”‡π‘¥„π‡¢µ√âÕπ¡’§à“§«“¡µâÕß°“√
æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æµË”°«à“‚§‡π◊ÈÕ∑’Ë¡’∂‘Ëπ°”‡π‘¥„π‡¢µÕ∫Õÿàπ ª√–¡“≥ 30 ‡ªÕ√å‡ Á́πµå

§” ”§—≠ : ‚§‡π◊ÈÕæ—π∏ÿå∫√“Àå¡—π  ‚§‡π◊ÈÕæ—π∏ÿåæ◊Èπ‡¡◊Õß‰∑¬  æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æ

§”π”

ªí®®ÿ∫—πª√–‡∑»‰∑¬¬—ß‰¡à¡’¡“µ√∞“π§à“§«“¡
µâÕß°“√‚¿™π–·≈–°“√„ÀâÕ“À“√‚§‡π◊ÈÕ ‡æ◊ËÕ„™â‡ªìπ
§”·π–π”°“√®—¥°“√„ÀâÕ“À“√∑’Ëµ√ßµ“¡§«“¡µâÕß°“√
‚¿™π–¢Õß —µ«å  àßº≈„Àâπ—°«‘™“°“√®”‡ªìπµâÕßÕ“»—¬°“√
Õâ“ßÕ‘ß¢âÕ¡Ÿ≈§à“§«“¡µâÕß°“√‚¿™π–¢Õß‚§‡π◊ÈÕµ“¡
¡“µ√∞“π°“√„ÀâÕ“À“√ —µ«å‡§’È¬«‡Õ◊ÈÕß¢Õß¬ÿ‚√ªÀ√◊Õ
Õ‡¡√‘°“ ´÷Ëß°“√„™â¢âÕ¡Ÿ≈Õâ“ßÕ‘ß¢âÕ¡Ÿ≈®“°µà“ßª√–‡∑»
‚¥¬‡©æ“–ª√–‡∑»„π‡¢µÕ∫Õÿàππ—Èπ Õ“®°àÕ„Àâ‡°‘¥
¢âÕº‘¥æ≈“¥„π°“√§”π«≥À“§«“¡µâÕß°“√‚¿™π–¢Õß
 —µ«å ‡π◊ËÕß®“°«—µ∂ÿ¥‘∫Õ“À“√ —µ«å„π‡¢µÕ∫Õÿàπ à«π„À≠à
¡’‚¿™π–·µ°µà“ß®“°‡¢µ√âÕπ (Minson, 1980) §«“¡
·µ°µà“ß°—π„π¥â“πæ—π∏ÿ°√√¡¢Õß —µ«å  ¿“«–·«¥≈âÕ¡
§ÿ≥¿“æ¢Õß«—µ∂ÿ¥‘∫Õ“À“√ —µ«å  µ≈Õ¥®π ¿“æ¿Ÿ¡‘Õ“°“»
(«‘»‘…∞‘æ√ ·≈–§≥–, 2544; Nishida et al., 2005;
McDonald et al., 2002) ªí®®—¬∑’Ë¡’º≈µàÕ§à“§«“¡µâÕß°“√
‚¿™π–¥—ß°≈à“« àßº≈„Àâ‡°‘¥§«“¡·µ°µà“ß·≈–¢âÕº‘¥æ≈“¥
„π°“√®—¥°“√„ÀâÕ“À“√∑’Ë “¡“√∂°àÕ„Àâ‡°‘¥§«“¡ Ÿ≠‡ ’¬
∑“ß‡»√…∞°‘®·≈–ª√– ‘∑∏‘¿“æ°“√º≈‘µ —µ«å ß“π«‘®—¬∑“ß

¥â“π°“√ª√–‡¡‘π§«“¡µâÕß°“√Õ“À“√‚§‡π◊ÈÕ„πª√–‡∑»‰∑¬
¬—ß¡’Õ¬ŸàÕ¬à“ß®”°—¥ ·≈–¡‘‰¥â≈ß√“¬≈–‡Õ’¬¥‰ª∂÷ß°“√
ª√–‡¡‘π§à“æ≈—ßß“π∑’Ë —µ«å “¡“√∂π”‰ª„™âª√–‚¬™πå‰¥â
(∫ÿ≠≈âÕ¡ ·≈–  ¡§‘¥, 2542) ¥—ßπ—Èπ °“√√«∫√«¡‡æ◊ËÕ
«‘‡§√“–Àå¢âÕ¡Ÿ≈·≈–µ√«®‡Õ° “√∑’Ë∑”°“√»÷°…“§à“§«“¡
 ¡¥ÿ≈æ≈—ßß“π„πµ—« —µ«å (Animal calorimetry) §√—Èßπ’È
®÷ß¡’«—µ∂ÿª√– ß§å‡æ◊ËÕª√–‡¡‘π§à“§«“¡µâÕß°“√æ≈—ßß“π∑’Ë„™â
ª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æ (Metabolizable energy for
maintenance, MEm) ¢Õß‚§‡π◊ÈÕæ—π∏ÿåæ◊Èπ‡¡◊Õß‰∑¬·≈–
‚§‡π◊ÈÕæ—π∏ÿå∫√“Àå¡—π∑’Ë ‡≈’È¬ß„π ¿“«–·«¥≈âÕ¡¢Õß
ª√–‡∑»‰∑¬

§«“¡µâÕß°“√æ≈—ßß“π„π —µ«å‡§’È¬«‡Õ◊ÈÕß

 —µ«å‡§’È¬«‡Õ◊ÈÕß¡’§«“¡µâÕß°“√æ≈—ßß“π‡æ◊ËÕ„™â„π
°“√∑”°‘®°√√¡¢Õß√à“ß°“¬∑—Èß‡æ◊ËÕ°“√¥”√ß™’æ·≈–°“√„Àâ
º≈º≈‘µ ‚¥¬√à“ß°“¬∑”Àπâ“∑’Ë„π°“√‡ª≈’Ë¬πæ≈—ßß“π„π
Õ“À“√∑’ËÕ¬Ÿà„π√Ÿª¢Õßæ≈—ßß“π‡§¡’‡ªìπæ≈—ßß“π§«“¡√âÕπ
·≈–æ≈—ßß“π°≈ À“°‡°‘¥¿“«–°“√¢“¥ “√Õ“À“√æ≈—ßß“π
¢÷Èπ √à“ß°“¬®–∑”Àπâ“∑’Ë„π°“√ ≈“¬æ≈—ßß“π∑’Ë‡°Á∫ – ¡
‰«â„π√Ÿª¢Õß‰°≈‚§‡®π ‰¢¡—π ·≈–‚ª√µ’π∑’Ë – ¡‰«â„π



289·°àπ‡°…µ√ ªï∑’Ë 35 ©∫—∫∑’Ë 3 °√°Æ“§¡-°—π¬“¬π 2550

‡π◊ÈÕ‡¬◊ËÕ¢Õß√à“ß°“¬ÕÕ°¡“„™â‡ªìπæ≈—ßß“π‡æ◊ËÕ°“√¥”√ß
™’«‘µ (McDonald et al., 2002) §à“§«“¡µâÕß°“√
æ≈—ßß“π„π —µ«å‡§’È¬«‡Õ◊ÈÕß ·∫àß‰¥â‡ªìπ 2  à«π §◊Õ æ≈—ßß“π
‡æ◊ËÕ°“√¥”√ß™’æ (Net energy and for maintenance)
(Church and Pond, 1995) À¡“¬∂÷ß ª√‘¡“≥æ≈—ßß“π
√–¥—∫µË”∑’Ë  ÿ¥∑’Ë  —µ«åµâÕß°“√π”‰ª„™â „π¢∫«π°“√
·¡∑“∫Õ≈‘´÷¡¢—Èπæ◊Èπ∞“π¢Õß√à“ß°“¬ æ≈—ßß“π§«“¡√âÕπ
∑’Ë‡°‘¥¢÷Èπ®–∂Ÿ°√–∫“¬ÕÕ°®“°µ—« —µ«å„π√Ÿª¢Õß æ≈—ßß“π
§«“¡√âÕπ (∫ÿ≠≈âÕ¡, 2541) ·≈–æ≈—ßß“πÕ’° à«πÀπ÷Ëß
§◊Õ æ≈—ßß“π‡æ◊ËÕ°“√ √â“ßº≈º≈‘µ (Net energy used for
production) (McDonald et al., 2002) ´÷ËßÀ¡“¬∂÷ß
æ≈—ßß“π∑’Ë —µ«åπ”‰ª„™â √â“ß‡π◊ÈÕ‡¬◊ËÕ  √â“ßº≈º≈‘µ ·≈–
°“√‡®√‘≠‡µ‘∫‚µ„Àâ°—∫√à“ß°“¬ ∑—Èßπ’ÈÀ¡“¬§«“¡√«¡∂÷ß
æ≈—ßß“π∑’Ë„™â„π°“√ √â“ßº≈º≈‘µ ‰¥â·°à ‡π◊ÈÕ π¡ ‰¢à ¢π
æ≈—ßß“π∑’Ë„™â‡æ◊ËÕ°“√ ◊∫æ—π∏ÿå ·≈–æ≈—ßß“π∑’Ë„™â„π°“√‡®√‘≠
‡µ‘∫‚µ¢Õßµ—«ÕàÕπ„π¢≥–µ—Èß∑âÕß ª√‘¡“≥æ≈—ßß“π∑’Ë∂Ÿ°
°—°‡°Á∫‰«â„™â„π°“√ √â“ßº≈º≈‘µ¥—ß°≈à“« ‡√’¬°«à“ æ≈—ßß“π
∑’Ë√à“ß°“¬ “¡“√∂°—°‡°Á∫‰¥â (Energy retention À√◊Õ
Recovered energy) (°ƒµæ≈, 2548)

°“√„™âª√–‚¬™πå¢Õßæ≈—ßß“π„πÕ“À“√

 —µ«å‡§’È¬«‡Õ◊ÈÕß

‡¡◊ËÕ —µ«å‡§’È¬«‡Õ◊ÈÕß‰¥â√—∫Õ“À“√‡¢â“ Ÿà√à“ß°“¬
®–‡°‘¥°√–∫«π°“√¬àÕ¬·≈–¥Ÿ¥´÷¡ “√Õ“À“√ ‚¿™π–∑’Ë‰¥â
®–ºà“π°√–∫«π°“√‡º“º≈“≠ “√Õ“À“√·≈– —ß‡§√“–Àå
 “√Õ“À“√°àÕπ∑’Ë —µ«åπ”‰ª„™âª√–‚¬™πå §à“æ≈—ßß“π∑—ÈßÀ¡¥
„πÕ“À“√∑’Ë —µ«å‰¥â√—∫‡¢â“‰ª ‡√’¬°«à“ §à“æ≈—ßß“π√«¡∑—ÈßÀ¡¥
„πÕ“À“√ (Gross energy ; GE) ·≈–‡¡◊ËÕπ”§à“æ≈—ßß“π
√«¡∑—ÈßÀ¡¥„πÕ“À“√¡“À—°≈∫¥â«¬§à“æ≈—ßß“π∑’Ë Ÿ≠‡ ’¬
ÕÕ°¡“πÕ°√à“ß°“¬„π√Ÿª¢Õß¡Ÿ≈ (Fecal  energy ; FE)
‡√’¬°«à“ §à“æ≈—ßß“π∑’Ë¬àÕ¬‰¥â (Digestible  energy ; DE)
´÷Ëß§à“æ≈—ßß“π∑’Ë¬àÕ¬‰¥â„πÕ“À“√®–º—π·ª√µ“¡™π‘¥
«—µ∂ÿ¥‘∫Õ“À“√ —µ«å §ÿ≥¿“æ¢ÕßÕ“À“√ ·≈–°√–∫«π°“√
·ª√√Ÿª°àÕππ”¡“„Àâ —µ«å°‘π (Church and Pond, 1995)
°“√ª√–‡¡‘π§à“æ≈—ßß“π∑’Ë¬àÕ¬‰¥â‡ªìπ«‘∏’°“√∑’Ë∑”‰¥âßà“¬

À“°∑√“∫ª√‘¡“≥Õ“À“√∑—ÈßÀ¡¥∑’Ë°‘π‡¢â“‰ª·≈–ª√‘¡“≥
¡Ÿ≈∑—ÈßÀ¡¥∑’Ë¢—∫ÕÕ°¡“ ·µà°“√„™â§à“æ≈—ßß“π∑’Ë¬àÕ¬‰¥âπ—Èπ
¡’§«“¡∂Ÿ°µâÕß·≈–§«“¡·¡àπ¬”µË”°«à“§à“æ≈—ßß“π∑’Ë„™â
ª√–‚¬™πå‰¥â (Metabolizable energy ; ME) ÷́Ëß‡ªìπ§à“
æ≈—ßß“π∑’Ë§”π÷ß∂÷ßæ≈—ßß“π∑’Ë Ÿ≠‡ ’¬ÕÕ°¡“„π¡Ÿ≈  ªí  “«–
·≈–·°ä ¡’‡∑π∑’Ë‡°‘¥®“°°“√À¡—°¬àÕ¬Õ“À“√  (°ƒµæ≈,
2548 ; Yan et al., 2000) ª√‘¡“≥·°ä ¡’‡∑π∑’Ë‡°‘¥¢÷Èπ
®“°°“√À¡—°¬àÕ¬Õ“À“√„π —µ«å‡§’È¬«‡Õ◊ÈÕß®–¡’§à“ª√–¡“≥
10-12 ‡ªÕ√å‡ Á́πµå¢Õßæ≈—ßß“π∑’Ë¬àÕ¬‰¥â (McDonald et
al., 1995) ´÷Ëß Õ¥§≈âÕß°—∫√“¬ß“π¢Õß Kawashima
(2000c) ·≈– Chaokaur et al. (2007) ∑’Ë∑”°“√»÷°…“
§à“æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â‚¥¬«‘∏’ Respiration calorim-
etry ·≈–æ∫«à“ §à“·°ä ¡’‡∑π∑’Ëº≈‘µ¢÷Èπ„π√–À«à“ß°“√
À¡—°¬àÕ¬Õ“À“√¡’§à“ª√–¡“≥ 6-10 ‡ªÕ√å‡´Áπµå¢Õß
æ≈—ßß“π∑’Ë¬àÕ¬‰¥â À√◊Õª√–¡“≥ 3.6-5.3 ‡ªÕ√å‡ Á́πµå¢Õß
æ≈—ßß“π√«¡∑’Ë‰¥â√—∫®“°Õ“À“√ ·≈–º≈°“√∑¥≈Õß∑’Ë‰¥â
‡ªìπ‰ª„π∑‘»∑“ß‡¥’¬«°—π°—∫ Yan et al. (1997) ∑’Ë√“¬ß“π
‰«â«à“ª√‘¡“≥·°ä ¡’‡∑π∑’Ëº≈‘µ¢÷ÈπÀ≈—ß®“° —µ«å°‘πÕ“À“√Õ¬Ÿà
„π™à«ß√–À«à“ß 5.35-6.49 ‡ªÕ√å‡´Áπµå¢Õßæ≈—ßß“π√«¡
∑’Ë‰¥â√—∫®“°Õ“À“√

Õ¬à“ß‰√°Áµ“¡°“√ª√–‡¡‘π§à“æ≈—ßß“π∑’Ë „™â
ª√–‚¬™πå‰¥â¬—ß¡’¢âÕ¥âÕ¬ ‡æ√“–¡‘‰¥â§”π÷ß∂÷ß§à“æ≈—ßß“π
§«“¡√âÕπ∑’Ëº≈‘µ¢÷Èπ·≈– Ÿ≠‡ ’¬ÕÕ°¡“‡π◊ËÕß®“°°“√°‘π
Õ“À“√¢Õß —µ«å (Heat increment ; HI) ´÷ËßÀ¡“¬∂÷ß
æ≈—ßß“π§«“¡√âÕπ∑’Ë‡°‘¥®“°°“√À¡—°¬àÕ¬ ¥Ÿ¥´÷¡ ·≈–
 —ß‡§√“–Àå “√Õ“À“√ µ≈Õ¥®π°“√°”®—¥¢Õß‡ ’¬ÕÕ°πÕ°
√à“ß°“¬  (°ƒµæ≈, 2548 ; McDonald et al., 2002)
®÷ß àßº≈„Àâ§à“æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â¡’§«“¡∂Ÿ°µâÕß
πâÕ¬°«à“§à“æ≈—ßß“π ÿ∑∏‘ (Net energy) ́ ÷Ëß§à“æ≈—ßß“π ÿ∑∏‘
 “¡“√∂§”π«≥‰¥â®“°§à“æ≈—ßß“π√«¡„πÕ“À“√À—°≈∫¥â«¬
æ≈—ßß“π∑’Ë Ÿ≠‡ ’¬„π√Ÿª¢Õß¡Ÿ≈ ªí  “«– ·°ä ®“°°“√
À¡—°¬àÕ¬Õ“À“√ ·≈–§«“¡√âÕπ∑’Ë Ÿ≠‡ ’¬Õ—π‡π◊ËÕß¡“®“°
°“√°‘πÕ“À“√¢Õß —µ«å (Heat increment) ∂÷ß·¡â«à“§à“
æ≈—ßß“π ÿ∑∏‘¡’§«“¡∂Ÿ°µâÕß·≈–·¡àπ¬”∑’Ë ÿ¥ ·µà°“√À“
§à“æ≈—ßß“π ÿ∑∏‘¬—ß¡’¢âÕ®”°—¥„π¥â“π«‘∏’°“√«—¥§à“æ≈—ßß“π
§«“¡√âÕπ∑’Ë‡°‘¥®“°°“√‡º“º≈“≠ “√Õ“À“√ ‡π◊ËÕß®“°‡ªìπ
«‘∏’°“√∑’Ë´—∫´âÕπ ¬ÿàß¬“° ·≈–µâÕß„™â‡§√◊ËÕß¡◊Õ∑’Ë¡’§«“¡
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≈–‡Õ’¬¥ ≈ß∑ÿπ Ÿß ®÷ß àßº≈„Àâªí®®ÿ∫—π„π∫“ßª√–‡∑»  ‡™àπ
Õ—ß°ƒ… ·≈–ÕÕ ‡µ√‡≈’¬ ¬—ß§ß„™â√–∫∫æ≈—ßß“π∑’Ë„™â
ª√–‚¬™πå‰¥â (ARC, 1980 ; Johnson et al., 2003)

¢—ÈπµÕπ°“√ Ÿ≠‡ ’¬æ≈—ßß“π·≈–ª√–‡¿∑¢Õßæ≈—ßß“π¢Õß
 —µ«å‡≈’È¬ß ¥—ß· ¥ß„π Fig.1

Fig.1 Partition of energyin animal and losses of energy are shown as the boxed items on the left.
Source : McDonald et al. (2002)

«‘∏’°“√ª√–‡¡‘π§«“¡µâÕß°“√æ≈—ßß“π∑’Ë

„™âª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æ„π‚§‡π◊ÈÕ

°“√ª√–‡¡‘π§à“§«“¡µâÕß°“√æ≈—ßß“π∑’Ë „™â
ª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æ„π‚§‡π◊ÈÕπ—Èπ¡’À≈“°À≈“¬
«‘∏’°“√ ´÷Ëß«‘∏’°“√∑’Ëπ‘¬¡„™â„πªí®®ÿ∫—π¡’Õ¬Ÿà 3 «‘∏’°“√ §◊Õ
°“√∑¥ Õ∫°“√°‘πÕ“À“√·≈â««—¥§à“°“√ ‡ª≈’Ë¬π·ª≈ß¢Õß
πÈ”Àπ—°µ—« ‚¥¬§à“æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â®“°°“√°‘π‰¥â
∑’Ë ‰¡à àßº≈„Àâ¡’‡ª≈’Ë¬π·ª≈ß¢ÕßπÈ”Àπ—°µ—«∂◊Õ«à“‡ªìπ§à“
æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æ (Taylor et al.,
1986) «‘∏’°“√π’È “¡“√∂∑”‰¥âßà“¬„πß“π∑¥≈Õß°“√‡≈’È¬ß
 —µ«å∑—Ë«‰ª ·µà¢âÕ®”°—¥¢Õß«‘∏’π’È §◊Õ ®”‡ªìπµâÕßÕ“»—¬
°“√‡°Á∫√«∫√«¡¢âÕ¡Ÿ≈‡ªìπ®”π«π¡“° ·≈–µâÕß¡’°“√
∑¥ Õ∫À≈“¬§√—Èß ‡æ◊ËÕ„Àâ¢âÕ¡Ÿ≈∑’Ë‰¥â‡°‘¥§«“¡∂Ÿ°µâÕß
·≈–·¡àπ¬”¡“°∑’Ë ÿ¥ (NRC, 2000 ; Zemmelink et
al., 1991 ; Early et al., 2001) «‘∏’∑’Ë Õß §◊Õ °“√«—¥

 ¡¥ÿ≈æ≈—ßß“π„πµ—« —µ«å À√◊Õ Calorimetric method
(ARC, 1980) ·≈–«‘∏’∑’Ë “¡ §◊Õ °“√™”·À≈–‡æ◊ËÕ
‡ª√’¬∫‡∑’¬∫æ≈—ßß“π∑’Ë – ¡„π´“° À√◊Õ Comparative
slaughter technique (Lofgreen and Garrett, 1968)

°“√ª√–‡¡‘π§à“§«“¡µâÕß°“√æ≈—ßß“π∑’Ë „™â
ª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æ‚¥¬„™â«‘∏’ Calorimetric
method ·≈– Comparative slaughter ∂Ÿ°π”¡“„™â‡ªìπ
«‘∏’À≈—°„π°“√»÷°…“§à“§«“¡µâÕß°“√æ≈—ßß“π„πµ—« —µ«å
„πÕ‡¡√‘°“ (NRC, 1996) ·≈–„π¬ÿ‚√ª (ARC, 1980)
´÷Ëß∑—Èß Õß«‘∏’π’È®–‰¥â¢âÕ¡Ÿ≈∑’Ë¡’§«“¡∂Ÿ°µâÕß·≈–·¡àπ¬” Ÿß
·µàµâÕß√–¡—¥√–«—ß·≈–§”π÷ß∂÷ß‡√◊ËÕß°“√„ÀâÕ“À“√∑¥≈Õß
≈—°…≥–¢ÕßÕ“À“√∑’Ë„™â„πß“π∑¥≈Õß ·≈–√–¥—∫¢Õß
Õ“À“√∑’Ë„Àâ µ≈Õ¥®π ¿“«–·«¥≈âÕ¡„π√–À«à“ß∑’Ë∑”°“√
∑¥≈Õß  ÷́Ëß«‘∏’°“√∑’Ë Õß·≈– “¡π—Èπ§àÕπ¢â“ß¬ÿàß¬“°
´—∫´âÕπ ·≈–≈ß∑ÿπ Ÿß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫«‘∏’·√° (Beever
et al., 1988; Unworth et al., 1991 ; Luo et al., 2004)
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®“°°“√ª√–‡¡‘π§à“§«“¡µâÕß°“√æ≈—ßß“π∑’Ë„™â
ª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æ ‚¥¬æ‘®“√≥“®“° ¡¥ÿ≈¢Õß
æ≈—ßß“π„π§√—Èßπ’È „™â¢âÕ¡Ÿ≈®“°ß“π«—¥ ¡¥ÿ≈¢Õßæ≈—ßß“π
∑’Ë∑”°“√∑¥≈Õß„πª√–‡∑»‰∑¬√«¡∑—ÈßÀ¡¥ 5 ‡√◊ËÕß
ª√–°Õ∫¥â«¬ Kawashima (2000a, 2000b, 2000c)
Nitipot et al. (unplubished data) ·≈– Chaokaur et
al. (2007) ¢âÕ¡Ÿ≈∑—ÈßÀ¡¥‰¥â®“°°“√∑¥≈Õß‡æ◊ËÕª√–‡¡‘π
§à“æ≈—ßß“π¥â«¬«‘∏’ Gas exchange respiration
calorimetry µ“¡«‘∏’°“√¢Õß ARC (1980) ‚¥¬∑”°“√
∑¥≈Õß„π‚§‡π◊ÈÕ 2  “¬æ—π∏ÿå∑’Ë‡≈’È¬ß„πª√–‡∑»‰∑¬ §◊Õ
‚§‡π◊ÈÕæ—π∏ÿåæ◊Èπ‡¡◊Õß·≈–‚§‡π◊ÈÕæ—π∏ÿå∫√“Àå¡—π

°“√®—¥°“√¢âÕ¡Ÿ≈°àÕππ”‡¢â“ª√–¡«≈º≈

∑“ß ∂‘µ‘

∞“π¢âÕ¡Ÿ≈∑’Ë „™â „π°“√ª√–¡«≈º≈¡’®”π«π
∑—ÈßÀ¡¥ 104 ™ÿ¥¢âÕ¡Ÿ≈ ·∫àß‡ªìπ 2 °≈ÿà¡ µ“¡ “¬æ—π∏ÿå
 —µ«å §◊Õ ‚§‡π◊ÈÕæ—π∏ÿåæ◊Èπ‡¡◊Õß‰∑¬√–¬–‚µ‡µÁ¡∑’Ë ®”π«π

∑—ÈßÀ¡¥ 40 ™ÿ¥¢âÕ¡Ÿ≈ ·∫àß‡ªìπ√–¬–„ÀâÕ“À“√∑¥≈Õß
®”π«π 32 ™ÿ¥¢âÕ¡Ÿ≈ ·≈–Õ¥Õ“À“√Õ’° 8 ™ÿ¥¢âÕ¡Ÿ≈ ·≈–
‚§‡π◊ÈÕæ—π∏ÿå∫√“Àå¡—π√–¬–‚µ‡µÁ¡∑’Ë „™â¢âÕ¡Ÿ≈∑—ÈßÀ¡¥ 64 ™ÿ¥
¢âÕ¡Ÿ≈ ·∫àß‡ªìπ√–¬–„ÀâÕ“À“√∑¥≈Õß®”π«π 52 ™ÿ¥¢âÕ¡Ÿ≈
·≈–Õ¥Õ“À“√Õ’° 12 ™ÿ¥¢âÕ¡Ÿ≈ ´÷Ëß¢âÕ¡Ÿ≈∑’Ëπ”¡“ √â“ß
§«“¡ —¡æ—π∏åπ—Èπ∂Ÿ°·∫àß‡ªìπ 2  à«π  à«π∑’Ë 1 §◊Õ
§à“æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â∑’Ë°‘π‰¥â‡©≈’Ë¬µàÕ«—π (ME
intake, KJ/kgBW0.75/d) À“‰¥â‚¥¬°“√§”π«≥®“°
§à“æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â„πÕ“À“√ (MJ) §Ÿ≥°—∫
ª√‘¡“≥Õ“À“√∑’Ë —µ«å°‘πµàÕ«—π (kgDM/d) ®–‡ªìπ§à“
æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â∑’Ë°‘π‰¥â‡©≈’Ë¬µàÕ«—π  à«π∑’Ë 2 §◊Õ
§à“æ≈—ßß“π∑’Ë “¡“√∂°—°‡°Á∫‰«â‰¥â (Energy retention, KJ/
kgBW0.75/d)  “¡“√∂À“‰¥â®“°ª√‘¡“≥æ≈—ßß“π√«¡
„πÕ“À“√∑’Ë°‘π‰¥âµàÕ«—π (MJ/d) À—°≈∫¥â«¬æ≈—ßß“π∑’Ë
 Ÿ≠‡ ’¬ „π¡Ÿ≈ (MJ/d) ªí  “«– (MJ/d) ·°ä ¡’‡∑π (MJ/
d)  ·≈–ª√‘¡“≥§«“¡√âÕπ∑—ÈßÀ¡¥∑’Ë —µ«åº≈‘µ¢÷Èπ (MJ/d)
§à“æ≈—ßß“π ∑—Èß 2  à«π¥—ß°≈à“«∂Ÿ°π”¡“ √ÿª‡æ◊ËÕÀ“§à“‡©≈’Ë¬
¥—ß· ¥ß §à“„π Table 1 ·≈– Table 2

Table 1 summary of database for prediction ME requirements for maintenance of ThaiNative cattle

Analysis from Kawashima et al. (2000c); Nitipot et al. (unplubished data)
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Table 2 Summary of database for prediction ME requirements for maintenance for Brahman cattle.

Analysis from Kawashima et al. (2000a, 2000b) ; Chaokaur et al. (2007)

¢âÕ¡Ÿ≈∂Ÿ°π”¡“«‘‡§√“–Àå·≈–ª√–¡«≈º≈∑“ß
 ∂‘µ‘ ‚¥¬ √â“ß ¡°“√‡ âπµ√ß (linear regression) ¥â«¬
‚ª√·°√¡ SAS (1990) °”Àπ¥„Àâ§à“ª√‘¡“≥°“√°‘π‰¥â
¢Õßæ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â (Metabolizable energy
intake ; MEI) ‡ªìπµ—«·ª√Õ‘ √– (·°π X) ·≈–§à“
æ≈—ßß“π∑’Ë —µ«å “¡“√∂°—°‡°Á∫‰«â‰¥â (Energy retention;
ER) ‡ªìπµ—«·ª√µ“¡ (·°π Y) ‚¥¬®ÿ¥µ—¥·°π X ÷́Ëß
· ¥ß∂÷ß§à“æ≈—ßß“π∑’Ë —µ«å “¡“√∂°—°‡°Á∫‰«â‰¥â¡’§à“‡∑à“°—∫
»Ÿπ¬å (Energy retention = 0 À√◊Õ Y=0) À¡“¬∂÷ß
§à“§«“¡µâÕß°“√æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æ
µ“¡Àÿàπ®”≈Õß¢Õß ARC (1980) ·≈–«‘∏’°“√¢Õß
Kawashima (2000) ·≈– Luo et al. (2004) º≈°“√
«‘‡§√“–Àå¢âÕ¡Ÿ≈¥—ß°≈à“« æ∫«à“ §à“§«“¡µâÕß°“√æ≈—ßß“π
∑’Ë „™âª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æ¢Õß‚§‡π◊ÈÕ “¬æ—π∏ÿå
æ◊Èπ‡¡◊Õß∑’Ë‡≈’È¬ß„π ¿“æÕ“°“»√âÕπ™◊Èπ¢Õßª√–‡∑»‰∑¬

¡’§à“‡∑à“°—∫ 388.75 KJ/kgBW0.75/d ‚¥¬¡’§«“¡ —¡æ—π∏å
¢Õßæ≈—ßß“π∑’Ë°—°‡°Á∫‰¥â·≈–ª√‘¡“≥æ≈—ßß“π∑’Ë„™âª√–‚¬™πå
‰¥â∑’Ë°‘π‰¥â¥—ß ¡°“√§◊Õ Energy retention = 0.89MEI
-345.99 (R2=0.7308, N=40, P<0.0001, SE=
17.5346) „π¢≥–∑’Ë§à“§«“¡µâÕß°“√æ≈—ßß“π∑’Ë „™â
ª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æ¢Õß‚§‡π◊ÈÕæ—π∏ÿå∫√“Àå¡—π¡’§à“
‡∑à“°—∫ 397.18 KJ/kgBW0.75/d ·≈–¡’§«“¡ —¡æ—π∏å
√–À«à“ßæ≈—ßß“π∑’Ë°—°‡°Á∫‰¥âµàÕæ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â
∑’Ë°‘π‰¥â¥—ß ¡°“√§◊Õ Energy retention = 0.76MEI -
301.86 (R2=0.9331, N=64, P<0.0001, SE =
6.2676) ́ ÷Ëß§à“§«“¡µâÕß°“√æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â‡æ◊ËÕ
°“√¥”√ß™’æ¢Õß‚§‡π◊ÈÕæ—π∏åæ◊Èπ‡¡◊Õß‰∑¬¡’§à“µË”°«à“‚§‡π◊ÈÕ
æ—π∏ÿå∫√“Àå¡—πÕ¬Ÿàª√–¡“≥ 2.12 ‡ªÕ√å‡ Á́πµå ¥—ß· ¥ß„π
Fig.2
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Fig.2 The relationship between metabolizable energy intake and energy retention of Thai native
cattle and brahmen cattle. Points are observed values, the solid line ( ,----) represents the
regression line of all observations in Thai native cattle data sets, describes the equation:
energy retention = 0.89 x MEintake - 345.99 (R2=0.7308, N=40, P<0.0001, SE=17.5346).
The dotted line ( , -----) is for the regression line of all observations in Brahman cattle
data sets, describes the equation: Energy retention = 0.76 x MEintake - 301.86 (R2=0.9331,
N=64, P<0.0001, SE=6.2676)

§à“§«“¡µâÕß°“√æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â‡æ◊ËÕ
°“√ z¥”√ß™’æ¢Õß‚§æ—π∏ÿåæ◊Èπ‡¡◊Õß‰∑¬ (388.75 KJ/
kgBW0.75/d) ·≈–‚§‡π◊ÈÕæ—π∏ÿå∫√“Àå¡—π (397.18 KJ/
kgBW0.75/d) ∑’Ë‰¥â®“°°“√ —ß‡§√“–Àå‡Õ° “√„π§√—Èßπ’È
¡’§à“µË”°«à“§«“¡µâÕß°“√æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â‡æ◊ËÕ
°“√¥”√ß™’æ¢Õß‚§ “¬æ—π∏ÿå¬ÿ‚√ªª√–¡“≥ 30 ‡ªÕ√å‡´Áπµå
¥—ß· ¥ß „π Table 3 ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫§à“§«“¡µâÕß°“√
æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æ∑’Ë‰¥â®“°√“¬ß“π
¢Õß Reid et al. (1991) ·≈– Solis et al. (1988) ´÷Ëß
æ∫«à“ §à“§«“¡µâÕß°“√æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â‡æ◊ËÕ°“√
¥”√ß™’æ¢Õß‚§æ—π∏ÿå‡Œ’¬øÕ√å¥ ¡’§à“‡∑à“°—∫ 605 KJ/
kgBW0.75/d, ∫√“Àå¡—πæ—π∏ÿå·∑â∑’Ë‡≈’È¬ß„π ¿“æ·«¥≈âÕ¡
µà“ßª√–‡∑» (Õ‡¡√‘°“) ¡’§à“‡∑à“°—∫ 410 KJ/kgBW0.75/

d, ·Õß°— æ—π∏ÿå·∑â ¡’§à“‡∑à“°—∫ 418 KJ/kgBW0.75/d
„π¢≥–∑’Ë‚§‡π◊ÈÕ≈Ÿ°º ¡ “¬æ—π∏ÿå∫√“Àå¡—π ¡’§à“§«“¡
µâÕß°“√æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æ‡∑à“°—∫
488 KJ/kgBW0.75/d (Ferrell and Jenkins, 1998)
‚§‡π◊ÈÕ≈Ÿ°º ¡™“‚√‡≈àÀå¡’§«“¡µâÕß°“√æ≈—ßß“π∑’Ë„™â
ª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æ ‡∑à“°—∫ 614 KJ/kg
BW0.75/d (Dawson and Steen, 1998) ·≈–‚§‡π◊ÈÕ
≈Ÿ°º ¡ “¬æ—π∏ÿå·Õß°— ¡’§à“§«“¡µâÕß°“√æ≈—ßß“π∑’Ë„™â
ª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æ‡∑à“°—∫ 602 KJ/kgBW0.75/
d (Montano and Bermudez, 1990) §à“§«“¡µâÕß°“√
æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æ¢Õß‚§‡π◊ÈÕ∑’Ë¡’
æ—π∏ÿ°√√¡·µ°µà“ß°—π ¥—ß· ¥ß„π Fig.3
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Table 3 Summary of ME requirement for maintenance in beef cattle.

* FT, feeding trial ; CS, comparative slaughter ; IC, indirect calorimetry ; RE, retain energy ; HP, heat production ; FHP,
fasting heat production ; BWC, body weight change, MEI, ME intake

Fig.3 Metabolizable energy requirement for maintenance estimates for beef cattle.
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§«“¡µâÕß°“√æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â‡æ◊ËÕ°“√
¥”√ß™’æ∑’Ë·µ°µà“ß°—π¢Õß‚§‡π◊ÈÕ “¬‡≈◊Õ¥¬ÿ‚√ª°—∫‚§‡π◊ÈÕ
∑’Ë‡≈’È¬ß„πª√–‡∑»‰∑¬  àßº≈„Àâ‡°‘¥§«“¡·µ°µà“ß°—π„π
¥â“π¢Õßª√‘¡“≥Õ“À“√∑’Ë —µ«å°‘π (¬°µ—«Õ¬à“ß‡™àπ ‚§‡π◊ÈÕ
æ—π∏ÿå‡Œ’¬øÕ√å¥µâÕß°“√æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â‡æ◊ËÕ°“√
¥”√ß™’æ Ÿß°«à“‚§æ◊Èπ‡¡◊Õß‰∑¬ª√–¡“≥ 200 KJ/
kgBW0.75/d ́ ÷Ëß‡¡◊ËÕ§‘¥‡ªìπª√‘¡“≥æ≈—ßß“π∑’Ë„™âª√–‚¬™πå
‰¥â®“°Õ“À“√®–¡’§à“·µ°µà“ß°—πª√–¡“≥ 14416 KJ/d
À√◊Õ§‘¥‡ªìπÀ≠â“√Ÿ´’Ë∑’ËµâÕß∫√‘‚¿§‡æ‘Ë¡¢÷Èπª√–¡“≥ 1.80
°‘‚≈°√—¡πÈ”Àπ—°·ÀâßµàÕ«—π ; „π°√≥’∑’Ë„™âÀ≠â“√Ÿ´’Ë∑’Ë¡’§à“
æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥âª√–¡“≥  8 MJ/kgDM  ·≈–
‚§¡’πÈ”Àπ—°‡©≈’Ë¬ª√–¡“≥  300  °‘‚≈°√—¡) ´÷Ëßª√‘¡“≥
æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â∑’Ë —µ«å®”‡ªìπµâÕß‰¥â√—∫‡æ◊ËÕ°“√
¥”√ß™’æ∑’Ë·µ°µà“ßµà“ß°—ππ’È ®– àßº≈„Àâµâπ∑ÿπ§à“Õ“À“√
‡æ‘Ë¡¢÷Èπ

®“°°“√ —ß‡§√“–Àå‡Õ° “√§√—Èßπ’È®–‡ÀÁπ‰¥â«à“
§à“æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æ¢Õß‚§‡π◊ÈÕ
∑’Ë¡’∂‘Ëπ°”‡π‘¥„π‡¢µ√âÕπ¡’§à“µË”°«à“‚§‡π◊ÈÕ∑’Ë¡’∂‘Ëπ°”‡π‘¥„π
‡¢µÕ∫Õÿàπª√–¡“≥ 30 ‡ªÕ√å‡´Áπµå ÷́Ëß Õ¥§≈âÕß°—∫
√“¬ß“π¢Õß NRC (1996) ∑’Ë·π–π”«à“ ‚§∑’Ë¡’∂‘Ëπ°”‡π‘¥
„π‡¢µ√âÕπ¡’§«“¡µâÕß°“√æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â‡æ◊ËÕ
°“√¥”√ß™’æµË”°«à“‚§∑’Ë¡’∂‘Ëπ°”‡π‘¥„π‡¢µÕ∫Õÿàπª√–¡“≥
10 ‡ªÕ√å‡´Áπµå ´÷Ëß§«“¡·µ°µà“ß°—π¢Õß§à“§«“¡µâÕß°“√
æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æ„π‚§∑—Èß 2
°≈ÿà¡π’È ¡’ªí®®—¬∑’Ë‡¢â“¡“‡°’Ë¬«¢âÕßÀ≈“¬ª√–°“√ ‰¥â·°à
æ—π∏ÿ°√√¡ ‡æ» Õ“¬ÿ Õÿ≥À¿Ÿ¡‘ ‘Ëß·«¥≈âÕ¡ ·≈–
°“√®—¥°“√¥â“πÕ“À“√ (ARC, 1980 ; Ferrell and
Jenkins, 1984 ; NRC, 2000 ; Reid et al., 1991)

1.  “¬æ—π∏ÿå —µ«å  / ‡æ» / Õ“¬ÿ —µ«å
§«“¡·µ°µà“ß∑“ß¥â“πæ—π∏ÿ°√√¡·≈–¢π“¥

¢Õß√à“ß°“¬¡’§«“¡ —¡æ—π∏å°—∫§«“¡µâÕß°“√æ≈—ßß“π∑’Ë„™â
ª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æ¢Õß —µ«å (Ferrell and
Jenkins, 1998) ®“°√“¬ß“π¢Õß  Kawashima (2000c)
æ∫«à“ §à“§«“¡µâÕß°“√æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â‡æ◊ËÕ°“√
¥”√ß™’æ¢Õß‚§‡π◊ÈÕæ—π∏ÿå∫√“Àå¡—π·≈–æ—π∏ÿåæ◊Èπ‡¡◊Õß‰∑¬¡’§à“

∑’Ë·µ°µà“ß°—π (‚§‡π◊ÈÕæ—π∏ÿå∫√“Àå¡—π¡’§à“§«“¡µâÕß°“√
æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â ‡æ◊ËÕ°“√¥”√ß™’æ ‡∑à“°—∫ 377
KJ/kgBW0.75/d ·≈–‚§‡π◊ÈÕæ—π∏ÿåæ◊Èπ‡¡◊Õß‰∑¬¡’§à“§«“¡
µâÕß°“√æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æ ‡∑à“°—∫
245 KJ/kgBW0.75/d) ‡ªìπ‰ª„π∑‘»∑“ß‡¥’¬«°—π°—∫
√“¬ß“π¢Õß Nishida et el. (2005) ∑’Ë°≈à“««à“ ‚§‡π◊ÈÕ
æ—π∏ÿåæ◊Èπ‡¡◊Õß‰∑¬¡’§à“§«“¡µâÕß°“√æ≈—ßß“π∑’Ë„™âª√–‚¬™πå
‰¥â‡æ◊ËÕ°“√¥”√ß™’æµË”°«à“‚§‡π◊ÈÕæ—π∏ÿå∫√“Àå¡—π °√–∫◊Õ
·≈–‚§¢ÿπæ—π∏ÿå Japanese black ́ ÷Ëß Õ¥§≈âÕß°—∫§”°≈à“«
¢Õß Reid et al. (1991) ∑’Ë√“¬ß“π‰«â«à“ ‚§‡π◊ÈÕ∑’Ë¡’
∂‘Ëπ°”‡π‘¥ ·≈– “¬æ—π∏ÿå·µ°µà“ß°—π®–¡’§à“§«“¡µâÕß°“√
æ≈—ßß“π∑’Ë„™â ª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æ∑’Ë·µ°µà“ß°—π
πÕ°‡Àπ◊Õ®“°ªí®®—¬¥â“πæ—π∏ÿ°√√¡∑’Ë àßº≈µàÕ§à“§«“¡
µâÕß°“√æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æ¢Õß
‚§‡π◊ÈÕ·≈â« NRC (2000) ¬—ß‰¥â√“¬ß“π‰«â«à“ Õ“¬ÿ·≈–
√–¬–¢Õß —µ«å¬—ß àßº≈µàÕ§à“§«“¡µâÕß°“√æ≈—ßß“π∑’Ë„™â
ª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æ ‚¥¬‚§‡π◊ÈÕ∑’ËÕ¬Ÿà„π√–¬–
°”≈—ß‡®√‘≠‡µ‘∫‚µ¡’§«“¡µâÕß°“√æ≈—ßß“π Ÿß°«à“‚§∑’Ë‚µ
‡µÁ¡∑’Ë ·≈–‚§ “¬æ—π∏ÿå‡¢µ√âÕπ ¡’§«“¡µâÕß°“√æ≈—ßß“π
∑’Ë„™âª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æµË”°«à“‚§ “¬æ—π∏ÿå„π‡¢µ
Õ∫Õÿàπª√–¡“≥ 10 ‡ªÕ√å‡ Á́πµå ·≈–‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫„π
 “¬æ—π∏ÿå‡¥’¬«°—π æ∫«à“ ‚§‡æ»ºŸâ∑’Ë‡ªìπæàÕæ—π∏ÿå¡’§«“¡
µâÕß°“√æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æ Ÿß°«à“
‚§‡æ»‡¡’¬ª√–¡“≥ 15 ‡ªÕ√å‡´Áπµå (ARC, 1980)
‡ªìπ‰ª„π∑‘»∑“ß‡¥’¬«°—π °—∫ Ferrell and Jerkins (1985)
∑’Ë√“¬ß“π‰«â«à“ æàÕ‚§æ—π∏ÿå´‘¡‡¡π∑Õ≈¡’§«“¡µâÕß°“√
æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â ‡æ◊ËÕ°“√¥”√ß™’æ Ÿß°«à“‚§ “«
„π “¬æ—π∏ÿå‡¥’¬«°—πª√–¡“≥ 9 ‡ªÕ√å‡ Á́πµå ·≈–‚§æ—π∏ÿå
‡Œ’¬øÕ√å¥‡æ»ºŸâ¡’§«“¡µâÕß°“√ æ≈—ßß“π Ÿß°«à“‚§ “«
‡Œ’¬øÕ√å¥ª√–¡“≥ 2 ‡ªÕ√å‡´Áπµå ´÷Ëß Õ¥§≈âÕß°—∫ß“π
∑¥≈Õß¢Õß Montano and Bermudes (1990) ∑’Ëæ∫«à“
‚§ “«≈Ÿ°º ¡™“‚√‡≈àÀå „π√–¬–°”≈—ß‡®√‘≠‡µ‘∫‚µ¡’§à“
§«“¡µâÕß°“√æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æ
µË”°«à“‚§‡æ»ºŸâ “¬æ—π∏ÿå‡¥’¬«°—πÕ¬Ÿàª√–¡“≥ 3 ‡ªÕ√å‡´Áπµå
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2. Õÿ≥À¿Ÿ¡‘ ¿“«–·«¥≈âÕ¡¢Õßµ—« —µ«å·≈–
ƒ¥Ÿ°“≈

Õÿ≥À¿Ÿ¡‘∑’Ë·«¥≈âÕ¡µ—« —µ«å àßº≈°√–∑∫
‚¥¬µ√ßµàÕ§à“ª√‘¡“≥°“√°‘π‰¥â Eastridge (1998)
‰¥â√“¬ß“π‰«â«à“ ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘·«¥≈âÕ¡µ—« —µ«å Ÿß°«à“
20 Õß»“‡´≈‡´’¬ ®–∑”„Àâª√‘¡“≥°“√°‘π‰¥â≈¥≈ß ·≈–
 àßº≈µàÕ§à“§«“¡µâÕß°“√æ≈—ßß“π¢Õßµ—« —µ«å  Kurihara
(1996) ‰¥â√“¬ß“πº≈¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë¡’µàÕ§à“§«“¡µâÕß°“√
æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æ¢Õß —µ«å‰«â«à“
¿“¬„µâ ¿“«–Õÿ≥À¿Ÿ¡‘ Ÿß§à“§«“¡µâÕß°“√æ≈—ßß“π∑’Ë„™â
ª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æ®–¡’§à“ Ÿß¢÷Èπª√–¡“≥ 10
‡ªÕ√å‡´Áπµå ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫§à“§«“¡µâÕßæ≈—ßß“π∑’Ë„™â
ª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æ¢Õß —µ«å∑’ËÕ¬Ÿà„π ¿“«–∑’Ë¡’
Õÿ≥À¿Ÿ¡‘Õ¬Ÿà ∫“¬ ´÷Ëß°“√®—¥°“√Õ“À“√∑’Ë “¡“√∂≈¥
§«“¡√âÕπ∑’Ë Ÿ≠‡ ’¬‡π◊ËÕß®“°°“√°‘πÕ“À“√≈ß‰¥â ®– àßº≈
„Àâ§à“§«“¡µâÕß°“√æ≈—ßß“π‡æ◊ËÕ°“√¥”√ß™’æ¢Õß —µ«å¡’§à“
‡æ‘Ë¡ Ÿß¢÷Èπ ¥—ßπ—Èπ °“√®—¥°“√ ¿“«–·«¥≈âÕ¡„Àâ¡’Õÿ≥À¿Ÿ¡‘
∑’Ë‡À¡“– ¡Õ¬Ÿà„π™à«ß∑’Ë —µ«åÕ¬Ÿà‰¥â ∫“¬ (Thermoneutral
zone) §◊Õ ¡’Õÿ≥À¿Ÿ¡‘ „π™à«ßª√–¡“≥ 20-30
Õß»“‡´≈‡ ’́¬  (McDonald et al., 1995) À√◊Õ 15-25
Õß»“‡´≈‡´’¬  „π —µ«å‡»√…∞°‘®∑—Ë«‰ª (NRC, 1996)
®– àßº≈„Àâ°“√ Ÿ≠‡ ’¬æ≈—ßß“π§«“¡√âÕπÕÕ°πÕ°√à“ß°“¬
¡’§à“≈¥≈ß ́ ÷Ëß Õ¥§≈âÕß°—∫√“¬ß“π¢Õß  Yousef (2000)
∑’Ë°≈à“««à“ Õÿ≥À¿Ÿ¡‘ ‘Ëß·«¥≈âÕ¡∑’Ë‡À¡“– ¡ ”À√—∫‚§‡π◊ÈÕ
Õ¬Ÿà„π™à«ß√–À«à“ß 10-26 Õß»“‡´≈‡´’¬  Hahn and
Mader (1997) ‰¥â√“¬ß“π«à“ §à“§«“¡ —¡æ—π∏å√–À«à“ß
Õÿ≥À¿Ÿ¡‘·≈–§«“¡™◊Èπ —¡æ—∑∏å„π ‘Ëß·«¥≈âÕ¡ “¡“√∂∫àß™’È
 ¿“«–§«“¡‡§√’¬¥¢Õß —µ«å∑’Ë‡°‘¥®“° ¿“æ¿Ÿ¡‘Õ“°“»‰¥â
‚¥¬§«“¡ —¡æ—π∏å¥—ß°≈à“«· ¥ßÕ¬Ÿà„π√Ÿª¢Õß¥—™π’∫àß™’È∑’Ë
‡√’¬°«à“ Temperature-humidity index À√◊Õ THI
(Ravagonolo et al., 2000) ´÷Ëß§”π«≥‰¥â®“°

THI = (9/5 TC + 32)-(0.55-0.55 RH) *
(9/5 TC -26)

TC §◊Õ Õÿ≥À¿Ÿ¡‘ ¿“«–·«¥≈âÕ¡
RH §◊Õ §à“§«“¡™◊Èπ —¡æ—∑∏å (√–∫ÿ§à“„π√Ÿª

∑»π‘¬¡)

Klinedinst et al. (1993) æ∫«à“ ‡¡◊ËÕ§à“ THI
‡∑à“°—∫ 74  “¡“√∂ àßº≈„Àâ —µ«å‡°‘¥§«“¡‡§√’¬¥  ÕàÕπ·Õ
·≈–‡√‘Ë¡‡°‘¥Õ“°“√‡®Á∫ªÉ«¬  ·≈–‡¡◊ËÕ§à“ THI > 84  —µ«å
®–ÕàÕπ·ÕÕ¬à“ß¡“°‰¡à°‘πÕ“À“√ ·≈–‡°‘¥°“√µ“¬Õ¬à“ß
©—∫æ≈—π‰¥â ́ ÷Ëß Õ¥§≈âÕß°—∫ West (1994) ∑’Ë√“¬ß“π‰«â«à“
‡¡◊ËÕ§à“ THI Õ¬Ÿà„π™à«ß√–À«à“ß 71-81 ®– àßº≈„Àâ —µ«å
‡°‘¥§«“¡‡§√’¬¥ °‘πÕ“À“√‰¥â≈¥≈ß ¥◊Ë¡πÈ”¡“°¢÷Èπ
‡ªìπ‰ª„π∑‘»∑“ß‡¥’¬«°—π°—∫√“¬ß“π¢Õß Du Preez et al.
(1991) ∑’Ë„™â§à“ THI ‡∑à“°—∫ 70 ‡ªìπ®ÿ¥∫àß™’È«à“ —µ«å‡√‘Ë¡
‡°‘¥§«“¡‡§√’¬¥‡π◊ËÕß¡“®“°§«“¡√âÕπ ́ ÷Ëß¡’º≈„Àâ —µ«å‡√‘Ë¡
°‘πÕ“À“√‰¥â≈¥≈ß ·≈–ª√‘¡“≥°“√°‘π‰¥â¢Õßæ≈—ßß“π„π
‚§‡π◊ÈÕ®–≈¥≈ß‡¡◊ËÕÕÿ≥À¿Ÿ¡‘ ‘Ëß·«¥≈âÕ¡¡“°°«à“ 30
Õß»“‡´≈‡´’¬  Blaxter and Boyne (1982) ·≈–
Webster et al. (1982) ‰¥â∑”°“√»÷°…“∂÷ßÕ‘∑∏‘æ≈¢Õß
ƒ¥Ÿ°“≈∑’Ë¡’µàÕ§à“§«“¡µâÕß°“√æ≈—ßß“π‡æ◊ËÕ°“√¥”√ß™’æ„π
 —µ«å ·≈–æ∫«à“ §à“§«“¡µâÕß°“√æ≈—ßß“π‡æ◊ËÕ°“√¥”√ß™’æ
„πƒ¥ŸΩπ·≈–ƒ¥Ÿ„∫‰¡âº≈‘¢Õß‚§‡π◊ÈÕ ·°– ·≈–°√–∫◊Õ
‰∫´—π ¡’§à“µË”°«à“„πƒ¥Ÿ√âÕπ ´÷ËßÕ“®‡ªìπº≈¡“®“°√–¥—∫
¢ÕßÕÿ≥À¿Ÿ¡‘·≈–™à«ß· ß„πƒ¥Ÿ°“≈ µ≈Õ¥®π§«“¡™◊Èπ
 —¡æ—∑∏å¢Õß ¿“«–·«¥≈âÕ¡∑’Ë·µ°µà“ß°—π„π¢≥–π—Èπ

3. °“√®—¥°“√¥â“πÕ“À“√
Õ“À“√‡ªìπªí®®—¬Àπ÷Ëß∑’Ë¡’º≈‚¥¬µ√ßµàÕ§à“

§«“¡µâÕß°“√æ≈—ßß“π‡æ◊ËÕ°“√¥”√ß™’æ¢Õß —µ«å ∂â“ —µ«å
‰¥â√—∫Õ“À“√‡°‘π°«à“√–¥—∫∑’Ë„™â„π°“√¥”√ß™’æ  —µ«å®–¡’
°“√‡°Á∫°—°æ≈—ßß“π‰«â„π√à“ß°“¬ ·µà∂â“‚¿™π–∑’Ë —µ«å
‰¥â√—∫‰¡à‡æ’¬ßæÕµàÕ§«“¡µâÕß°“√¢Õß√à“ß°“¬ √à“ß°“¬¢Õß
 —µ«å®–∑”°“√ ≈“¬æ≈—ßß“π∑’Ë‡°Á∫°—°‰«âÀ√◊Õ ”√Õß‰«â
ÕÕ°¡“„™â (Freetly et al., 2006)  Orskov (1992)
√“¬ß“π«à“ §«“¡ “¡“√∂„π°“√‡°Á∫°—°æ≈—ßß“π¢Õß√à“ß°“¬
¡’§«“¡ —¡æ—π∏å°—∫ª√‘¡“≥‰π‚µ√‡®π·≈–ª√‘¡“≥æ≈—ßß“π
„πÕ“À“√∑’Ë —µ«å‰¥â√—∫ ∂â“√–¥—∫æ≈—ßß“π„πÕ“À“√ Ÿß ®–
 àßº≈„Àâª√‘¡“≥°“√°‘π‰¥â·≈–°“√‡°Á∫°—°‰π‚µ√‡®π Ÿß¢÷Èπ
¥â«¬ · ¥ß„Àâ‡ÀÁπ«à“ª√– ‘∑∏‘¿“æ¢Õß°“√„™â‚ª√µ’π·≈–
æ≈—ßß“π¡’§«“¡ —¡æ—π∏å°—π  West (1999) °≈à“««à“
°“√®—¥°“√¥â“πÕ“À“√¡’§«“¡ ”§—≠Õ¬à“ß¡“°µàÕ —µ«å∑’Ë
Õ“»—¬Õ¬Ÿà„π‡¢µ√âÕπ ´÷Ëßª√‘¡“≥°“√°‘π‰¥â¢ÕßÕ“À“√®–¡’
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§à“≈¥≈ß ‡¡◊ËÕ —µ«å‰¥â√—∫‡¬◊ËÕ„¬®“°Õ“À“√‡æ‘Ë¡¢÷Èπ ·≈–„π
Õ“À“√∑’Ë¡’‡¬◊ËÕ„¬µË”·µà¡’§“√å‚∫‰Œ‡¥√µ∑’Ë¬àÕ¬ ≈“¬‰¥âßà“¬
„πª√‘¡“≥ Ÿß µ≈Õ¥®π°“√‡≈◊Õ°„™â‰¢¡—π‡ªìπ·À≈àßæ≈—ßß“π
∑¥·∑π‡¬◊ËÕ„¬§ÿ≥¿“æµË”„πª√‘¡“≥∑’Ë‡À¡“– ¡ ®– “¡“√∂
≈¥§à“°“√ Ÿ≠‡ ’¬§«“¡√âÕπ‡π◊ËÕß®“°°“√°‘πÕ“À“√ À√◊Õ§à“
Heat increment ≈ß‰¥â (Cummins, 1992; Knapp and
Grammer, 1991) Krehbiel et al. (2000) ·≈– Jenkins
and Ferrell (2004) ‰¥â√“¬ß“π‰«â«à“ °“√„™âª√–‚¬™πå‰¥â
®“°Õ“À“√¢Õß‚§‡π◊ÈÕ¡’§«“¡ —¡æ—π∏å°—∫æ—π∏ÿ°√√¡ ‚¥¬„π
‚§≈Ÿ°º ¡∑’Ë¡’ “¬‡≈◊Õ¥¢Õß‚§ Bos indicus À√◊Õ‚§
‡¢µ√âÕπ®–¡’§«“¡ “¡“√∂„π°“√„™âÕ“À“√À¬“∫§ÿ≥¿“æ
µË”‰¥â¥’°«à“ Bos taurus ·≈–‚§„π√–¬–°”≈—ß‡®√‘≠‡µ‘∫‚µ
¡’§«“¡ “¡“√∂„π°“√„™âª√–‚¬™πå‰¥â®“°Õ“À“√¥’°«à“
‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫≈Ÿ°‚§ (Sindt et al., 1991)

®“°ªí®®—¬¢â“ßµâπ¥—ß°≈à“«‰¥â àßº≈„Àâ§à“§«“¡
µâÕß°“√æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æ¢Õß
‚§‡π◊ÈÕ¡’§à“∑’Ë·µ°µà“ß°—π  ‘Ëß∑’Ë‡°‘¥¢÷Èπ®– àßº≈¥’„π°√≥’∑’Ë
ª√–‡∑»‰∑¬ “¡“√∂°”Àπ¥√–∫∫¡“µ√∞“π°“√„ÀâÕ“À“√
‚§‡π◊ÈÕ¢÷Èπ„™â‡Õß ´÷Ëß®– “¡“√∂≈¥§à“„™â®à“¬„π¥â“πµâπ∑ÿπ
§à“Õ“À“√ ‡π◊ËÕß®“° “¡“√∂≈¥°“√ Ÿ≠‡ ’¬æ≈—ßß“π∑’Ë —µ«å
‰¡à “¡“√∂„™âª√–‚¬™πå‰¥â À√◊Õ‡°‘π§«“¡µâÕß°“√¢Õß
√à“ß°“¬ —µ«å ·≈–‡ªìπ°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ°“√„™âª√–‚¬™πå
¢Õßæ≈—ßß“π‰¥âÕ’°∑“ßÀπ÷Ëß

 √ÿª

§à“§«“¡µâÕß°“√æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â‡æ◊ËÕ
°“√¥”√ß™’æ¢Õß‚§‡π◊ÈÕ “¬æ—π∏ÿåæ◊Èπ‡¡◊Õß·≈–‚§‡π◊ÈÕ
æ—π∏ÿå∫√“Àå¡—π∑’Ë‡≈’È¬ß„πª√–‡∑»‰∑¬¡’§à“‡∑à“°—∫ 388.75
KJ/kgBW0.75/d ·≈– 397.18 KJ/kgBW0.75/d
µ“¡≈”¥—∫ ´÷Ëß¡’§à“µË”°«à“§«“¡µâÕß°“√æ≈—ßß“π∑’Ë„™â
ª√–‚¬™πå‰¥â‡æ◊ËÕ°“√¥”√ß™’æ¢Õß‚§‡π◊ÈÕ∑’Ë¡’∂‘Ëπ°”‡π‘¥„π
‡¢µÕ∫ÕÿàπÀ√◊Õ “¬æ—π∏ÿå∫√“Àå¡—π∑’Ë‡≈’È¬ß„πµà“ßª√–‡∑»
‡π◊ËÕß®“°§«“¡·µ°µà“ß∑“ß¥â“π “¬æ—π∏ÿå °“√®—¥°“√¥â“π
Õ“À“√ ·≈–  ¿“«–·«¥≈âÕ¡ ¥—ßπ—Èπ ®÷ß¡’§«“¡®”‡ªìπÕ¬à“ß
‡√àß¥à«π∑’ËµâÕß  √â“ß√–∫∫¡“µ√∞“π°“√„ÀâÕ“À“√‚§‡π◊ÈÕ

¢Õßª√–‡∑»‰∑¬  „Àâ¡’§«“¡‡À¡“– ¡ ”À√—∫ “¬æ—π∏ÿå
°“√®—¥°“√¥â“πÕ“À“√  µ≈Õ¥®π ¿“«–·«¥≈âÕ¡∑’Ë„™â‡≈’È¬ß
´÷Ëß®–‡ªìπ·π«∑“ß„π°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ°“√º≈‘µ‚§
‡π◊ÈÕ¢Õßª√–‡∑»‰∑¬Õ¬à“ß ¬—Ëß¬◊πµàÕ‰ª„πÕπ“§µ

§”¢Õ∫§ÿ≥
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æ—≤π“‡æ◊ËÕ √â“ßµ“√“ß¡“µ√∞“π§«“¡µâÕß°“√‚¿™π–
‚ª√µ’π·≈–æ≈—ßß“π„π‚§‡π◊ÈÕ-‚§π¡‰∑¬ ¿“¬„µâ°“√
 π—∫ πÿπ∑ÿπ«‘®—¬ª√–‡¿∑Õÿ¥Àπÿπ∑—Ë«‰ª ¡À“«‘∑¬“≈—¬
¢Õπ·°àπ ª√–®”ªïß∫ª√–¡“≥ æ.». 2549

‡Õ° “√Õâ“ßÕ‘ß

°ƒµæ≈  ¡¡“µ¬å. 2548. °“√¬àÕ¬·≈–·¡∑“∫Õ≈‘ ÷¡
„π —µ«å‡§’È¬«‡Õ◊ÈÕß. ‡Õ° “√ª√–°Õ∫°“√ Õπ
¿“§«‘™“ —µ«»“ µ√å §≥–‡°…µ√»“ µ√å
¡À“«‘∑¬“≈—¬¢Õπ·°àπ.

∫ÿ≠≈âÕ¡ ™’«–Õ‘ √–°ÿ≈. 2541. ‚¿™π»“ µ√å —µ«å.
¿“§«‘™“ —µ«»“ µ√å §≥–‡°…µ√»“ µ√å
¡À“«‘∑¬“≈—¬‡™’¬ß„À¡à.

∫ÿ≠≈âÕ¡ ™’«–Õ‘ √–°ÿ≈ ·≈–  ¡§‘¥ æ√À¡¡“. 2542.
Õ“À“√·≈–‚¿™π»“ µ√å‚§π¡. ª√– ∫°“√≥å
∫√‘À“√°“√®—¥°“√™ÿ¥‚§√ß°“√ °√≥’»÷°…“: ‚§π¡
 ”π—°ß“π°Õß∑ÿπ π—∫ πÿπ°“√«‘®—¬. ‚√ßæ‘¡æå
®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬. °√ÿß‡∑æ¡À“π§√.

«‘»‘…∞‘æ√   ÿ¢ ¡∫—µ‘  π«≈ª√“ß§å  Õÿ∑—¬¥“  ·≈–   ÿ«‘∑¬å
‡æ’¬ —ß°–. 2544. °“√º≈‘µÕ“À“√√«¡∑’Ë¡’
ª√– ‘∑∏‘¿“æ®“°™“πÕâÕ¬∑’Ëª√—∫ª√ÿß§ÿ≥¿“æ
·≈–·π«∑“ß°“√ª√–‡¡‘π§«“¡µâÕß°“√¢Õß
‚§π¡. √“¬ß“π°“√«‘®—¬©∫—∫ ¡∫Ÿ√≥å .
¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’ ÿ√π“√’.

Agricutural Research Council. 1980. The Nutrient
Requirement of Ruminant Livestock. U.K.
London.



·°àπ‡°…µ√298 ªï∑’Ë 35 ©∫—∫∑’Ë 3 °√°Æ“§¡-°—π¬“¬π 2550

Beever, D. E., S. B. Cammell, S. B. Thomas, and
D. L. Gales. 1988. The effect of date of
cut and barley substitution on gain and
on the efficiency of utilization of grass
silage by growing cattle. Br. J. Nutr. 60 :
307.

Blaxter, K.L. and A. W. Boyne. 1982. Fasting and
maintenance metabolism of sheep. J.
Agric. Sci. 99 : 611.

Chaokaur, A., T. Nishida, I. Phaowphaisal, and K.
Sommart. 2007. Energy metabolism and
energy requirement for maintenance of
Brahman steers in tropical condition.
Proceedings of the 2nd International
Symposium on Energy and Pritein
Metabolism and Nutrition. Vichy. France,
9-12 september 2007. (accepted)

Church, D. C., and W. G. Pond. 1995. Basic
Animal and Feeding. 4th John Wiley and
Sons Inc., New York.

Cummins, K. A. 1992. Effect of dietary acid
detergent fiber on responses to high
environmental temperature. J. Dairy. Sci.
75 : 1465.

Dawson, L.E.R. and R.W.J.  Steen. 1998. Estima-
tion of maintenance energy requirement
of beef cattle and sheep. J. Agric. Sci.
131 : 477.

Du Preez, J. H., S. J. Terblanche, and Giesecke
W.H. 1991. Effect of heat stress on
conception of dairy herd model under
South African conditions. Theriogenology
35, 1039-1049.

Early, R. J., O. Mahgoub, and C. D. Lue. 2001.
Energy and protein utilization for mainte-
nance and growth in Omani ram lambs in
hot climates. J. Agric. Sci. 136 : 451

Eastridge, M. L., H. F. Bucholtz, A. L. Slater, and
C. S. Hall. 1998. Nutrient requirement
for dairy cattle of the national research
council versus some commonly used
software. J. Dairy. Sci. 81 : 3049.

Ferrell, C.L. and T. G. Jenkins. 1985. Cow type
and the nutritional environment :
Nutritional aspects. J. Anim. Sci. 61 : 725.

Ferrell, C.L. and T. G. Jenkins. 1998. Body
composition and energy utilization by steer
of diverse genotypes fed a high concen-
trate diet during the finishing period.
J. Anim. Sci. 76 : 637.

Freetly, H. C., J. A. Nienaber, and T. Brown-Brandl.
2006. Changes in heat production by
mature cows after changes in feeding level.
J. Anim. Sci. 84 : 1429.

Hahn, G. L. and T. L. Mader. 1997. Heat wave
relation to thùrmoregulation feeding
behavior and mortality of feedlot cattle.
Int. Livest. Environ. Symp. Agric. Eng.

Jenkins, T. G. and C. L. Ferrell. 2004. Preweaning
efficiency for mature cows of breed crosses
from tropically adapted Bos indicus and
Bos taurus and unadapted Bos taurus
breeds. J. Anim. Sci. 82 : 1876.

Johnson, D. E., C. L. Ferrell, and  T. G. Jenkins.
2003. The history of energetic efficiency
research : Where have we been and where
are we going?. J. Anim. Sci. 81 (Suppl.
1) : E27.

Kawashima, T., W. Sumamal, P. Pholsen, R.
Chaithiang, W. Boonpakdee, and M.
Kurihara. 2000a. Comparative study on
energy and nitrogen metabolism between
Brahman cattle and swamp buffalo fed
with low quality diet. Final report of



299·°àπ‡°…µ√ ªï∑’Ë 35 ©∫—∫∑’Ë 3 °√°Æ“§¡-°—π¬“¬π 2550

collaborative research project between
Japan International Research Center for
Agriculture Sciences. Japan and
Department  of  Livestock  Development,
Thailand.

Kawashima, T., W. Sumamal, P. Pholsen, R.
Chaithiang, W. Boonpakdee, and F.
Tereda. 2000b. Comparative study on
energy and nitrogen metabolism of
Brahman cattle and sheep given Ruzi hay
with different levels of soybean meal. Final
Report of Collaborative Research Project
between Japan International Research
Center for Agriculture Sciences. Japan and
Department  of  Livestock  Development,
Thailand.

Kawashima, T., W. Sumamal, P. Pholsen, R.
Chaithiang, W. Boonpakdee, and F.
Tereda. 2000c. Energy and nitrogen
metabolism of Thai native cattle given
Ruzi hay with different levels of soybean
meal. Final Report of Collaborative
Research Project between Japan Inter-
national Research Center for Agriculture
Sciences. Japan and Department of
Livestock Development, Thailand.

Klinedinst, P. L., D. A. Wilhite, G. L. Hahn, and
K. G. Hubbard. 1993. The potential
effects of climate change on summer
season dairy cattle milk production and
reproduction. Climatic Change 23 : 21.

Krehbiel, C. R., K. K. Kreikemeier, and C. L.
Ferrell. 2000. Influence of Bos indicus
crossbreeding and cattle age on apparent
utilization of a high grain diet. J. Anim.
Sci. 78 : 1641.

Kurihara, M. 1996. Energy requirement and feed
of dairy cows under high temperature
conditions. JARQ. 30 : 107.

Lofgreen, G.P. and W. N. Garrett. 1968. A system
of expressing net energy requirement and
feed values for growing and finishing
cattle. J. Anim. Sci. 27 : 793.

Lue, J., A. L. Goetsch, T. Sahlu, I. V. Nsahlai, J.
E. Moore, F. N. Owens, M. L. Galyean,
and C. L. Ferrell. 2004. Prediction of
metabolizable energy requirements for
maintenance and gain of preweaning,
growing and mature goats. Small
Ruminant Research. 53 : 231.

Minson, D. J. 1980. Grazing Animals. Elsevier
Publishing Company. Amsterdam.
Netherlands.

McDonald, P., R. A. Edwards, J. F. D. Greenhalgh,
and C. A. Morgan. 1995. Animal
Nutrition. 5th Longman Scientific and
Technical. New York.

McDonald, P., R. A. Edwards, J. F. D. Greenhalgh,
and C. A. Morgan. 2002. Animal
Nutrition. 6th Longman Scientific and
Technical. New York.

Montano M. and M. Bermudez. 1990. Energy
çrequirement for maintenance of crossbred
beef  cattle with different genetic
potential for milk. J. Anim. Sci. 68 : 2279.

Montgomery, D. C. and E. A. Peck. 1982.
Introduction to Linear Regression
Analysis. John Wiley and Sons Inc., New
York, N.Y.

National Research Council. 1996. Nutrient Require-
ment of Beef Cattle. 7th Ed. National
Academic Press. Washington D. C.



·°àπ‡°…µ√300 ªï∑’Ë 35 ©∫—∫∑’Ë 3 °√°Æ“§¡-°—π¬“¬π 2550

National Research Council. 2000. Nutrient Require-
ment of Beef Cattle. 8th Ed. National
Academic Press. Washington D. C.

Nishida, T., T. Suzuki, M. Odai, I. Phaphaisal, W.
Sumamal, P. Pholsen, R. Narmsilee, and
S. Oshio. 2005. Studies on energy
metabolism of cattle in Thailand.
Proceedings Integrating Livestock-Crop
Systems to Meet the Challenges of
Globalisation. Vol 1. AHAT/BSAS
International Conference, November
14-18, Khon Kaen, Thailand.

Orskov, E. R. 1992. Host Animal Protein
requirement and Protein Utilization.
Protein Nutrition in Ruminants. 2nd

Academic Press. London.
Ravagnolo, O., I. Misztal, and G. Hoogenboomt.

2000. Genetic component of heat stress
in dairy cattle, development of heat index
function. J. Dairy. Sci. 83 : 2120.

Reid, C.R., C. M. Bailey, and M.B. Judkins. 1991.
Metabolizable energy for maintenance of
beef type Bos tausus and Bos indicus
crossbred in dry temperate climate. J.
Anim. Sci. 69 : 2779.

SAS, 1990. SAS Userûs Guide : Statistics. 6ed SAS
Inst. Inc., Cary. NC.

Sindt, M., R. Stock, and T. Klopfenstein. 1991.
Calf versus yearing finishing. Beef Cattle
Report. 56 : 42.

Solis, J. C., F. M. Byer, and L.W. Greene. 1988.
Maintenance requirement and energetic
efficiency of cow of different breed type.
J. Anim. Sci. 66 : 764.

Taylor, C. S., R. B. Theissen, and J. Murray. 1986.
Inter-breed relationship of maintenance
efficiency to milk yield in cattle. Anim.
Prod. 43 : 37.

Unsworth, E. F., K. J. McCrachen, K. J. Moore,
C. A. Steen, and D. J. Kilpatrick. 1991.
Energy retention in steer as measured by
respiration calorimetry and carcass
composition. Energy Metabolism in Farm.
58 : 190.

Webster, A. J. F., J. S. Smith, and G. S. Mollison.
1982. Energy requirements of growing
cattle : Effects of sire breed, plane of
nutrition, sex and season on predicted basal
metabolism. Energy  Metab. Proc. Symp.
29 : 84.

West, J. W. 1994. Interaction of energy and
bovine somatotropin with heat stress. J.
Dairy. Sci. 77 : 2091.

West, J. W., G. M. Hill, J. M. Fernadez, and B. G.
Mullinix. 1999. Effects of dietary fiber
on intake, milk yield, and digestion by
lactating dairy cow during cool or hot,
humid weather. J. Dairy. Sci. 82 : 2455.

Yan, T., F. J. Gordon, C. P. Ferris, R. E. Agnew,
and D. C. Petterson. 1997. The fasting
heat production and effect of lactation on
energy utilization by dairy cows offered
forage-based diets. Livest. Prod. Sci. 52 :
177.

Yan, T., R. E. Agnew, F. J. Gordon, and M. G.
Porter. 2000. Prediction of methane
energy output in dairy and beef cattle
offered grass silage-based diets. Livest.
Prod. Sci. 64 : 253.

Yousef, K. 2000. Stress Physiology in Livestock
Volume II : Ungulates. CRC. Press. Inc.,
Florida, U.S.A.

Zemmelink, G., B. J. Tolkamp, and N. M. W.
Ogink. 1991. Energy requirements for
maintenance and gain of West African
Dwarf goats. Small Ruminant Research.
5 : 205.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts false
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


