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Abstract

The objectives of this experiment were to evaluate nutritive values and to compare digestibility,
kinetics of gas production, and the value of metabolizable energy between forages and non-forage fiber
sources using an in vitro gas production technique. The treatments were divided into two groups of feed
sources. The first group included nineteen forage fiber sources (FFS) into tree sub-group 1.1 Alternative
forage (ALT), sub-group 1.2 Grass forage (GRS) and sub-group 1.3 Legume forage (LEG). The second
group included thirteen non-forage fiber sources (NFFS). The experimental design was arranged into
a randomized complete block design with 4 replications. Three Holstein-Friesian bulls, with an average
body weight 200 kilograms, were the sources of stomach fluid, an inoculum. Crude protein of FSS and
NFFS was vary among 2.92-13.73% and 1.72-50.32%, respectively, EE was vary among 0.30-3.14%
and 0.38-27.11%, respectively and NDF was vary among 44.32-79.98% and 23.25-76.03%,
respectively. The value of in vitro organic matter digestibility (IVOMD), of the group NFFS was higher
than that of FFS and GRS (P<0.01), but did not differ from the ALT and LEG. The value of in vitro
neutral detergent fiber digestibility (IVNDFD) of the NFFS group was higher than that of FFS and ALT
(P<0.01), but did not differ from GRS and LEG. Kinetics of gas production; potential of gas production
(A+B) of NFFS was lower than FFS, ALT and GRS (P<0.01), but did not differ from LEG. Rate of gas
production (C) of NFFS did not differ from FFS and ALT, but higher than GRS (P<0.01) and LEG
(P<0.05). Metabolizable energy (ME) of NFFS was higher than FFS (P<0.05) and GRS (P<0.01), but
did not differ from ALT and LEG. These results indicated that some NFFS had a high potential to be
used as CP and energy sources.
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∫∑§—¥¬àÕ

°“√∑¥≈Õß„π§√—Èßπ’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ ª√–‡¡‘π§ÿ≥§à“∑“ß‚¿™π–«—µ∂ÿ¥‘∫Õ“À“√ —µ«å‡§’È¬«‡Õ◊ÈÕß‡ª√’¬∫‡∑’¬∫
„π¥â“π§«“¡ “¡“√∂„π°“√¬àÕ¬‰¥â¢Õß‡¬◊ËÕ„¬ ®≈»“ µ√å°“√º≈‘µ·°ä  ·≈–§à“æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â (ME) ¢Õß
·À≈àß«—µ∂ÿ¥‘∫Õ“À“√À¬“∫·≈–·À≈àß‡¬◊ËÕ„¬∑’Ë‰¡à„™àæ◊™Õ“À“√ —µ«å ‚¥¬„™â«‘∏’»÷°…“„πÀ≈Õ¥∑¥≈Õß°“√º≈‘µ·°ä  ‚¥¬
¡’™π‘¥«—µ∂ÿ¥‘∫‡ªìπªí®®—¬°“√∑¥≈Õß∑’Ë∂Ÿ°·∫àßÕÕ°‡ªìπ 2 °≈ÿà¡À≈—° §◊Õ °≈ÿà¡∑’Ë 1. ·À≈àßÕ“À“√À¬“∫ (Forage fiber
sources; FFS) 19 ™π‘¥ ª√–°Õ∫¥â«¬°≈ÿà¡¬àÕ¬ 1.1 °≈ÿà¡æ◊™Õ“À“√ —µ«å∑“ß‡≈◊Õ° (Alternative forage; ALT) 1.2
À≠â“æ◊™Õ“À“√ —µ«å (Grass forage; GRS) ·≈– 1.3 ∂—Ë«æ◊™Õ“À“√ —µ«å (Legume forage; LEG) ·≈–°≈ÿà¡∑’Ë 2.
·À≈àß‡¬◊ËÕ„¬∑’Ë‰¡à„™àæ◊™Õ“À“√ —µ«å (Non-forage fiber sources; NFFS) 13 ™π‘¥ µ“¡·ºπ°“√∑¥≈Õß·∫∫ ÿà¡„π
∫≈ÁÕ° ¡∫Ÿ√≥å (Randomized Completely Block Design: RCBD) ªí®®—¬°“√∑¥≈Õß≈– 4 È́” „™â‚§π¡≈Ÿ°
º ¡‚Œ≈ ‰µπåø√’‡™’Ë¬π‡æ»ºŸâ®”π«π 3 µ—« πÈ”Àπ—°‡©≈’Ë¬ 200 °‘‚≈°√—¡ ‡ªìπ·À≈àß¢Õß¢Õß‡À≈«®“°°√–‡æ“–À¡—°
º≈°“√«‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß‡§¡’ æ∫«à“ °≈ÿà¡ FSS ·≈–°≈ÿà¡ NFFS ¡’§à“ CP Õ¬Ÿà„π™à«ß 2.92-13.73 % ·≈–
1.72-50.32 % µ“¡≈”¥—∫ EE ¡’§à“Õ¬Ÿà„π™à«ß 0.30-3.14 % ·≈– 0.38-27.11 % µ“¡≈”¥—∫ ·≈– NDF ¡’§à“Õ¬Ÿà
„π™à«ß 44.32-79.98 % ·≈– 23.25-76.03 % µ“¡≈”¥—∫ §à“§«“¡ “¡“√∂„π°“√¬àÕ¬‰¥â æ∫«à“§à“ IVOMD ¢Õß
°≈ÿà¡ NFFS ¡’§à“ Ÿß°«à“ (P<0.01) °≈ÿà¡ FFS ·≈– GRS ·µà‰¡à·µ°µà“ß (P>0.05) ®“°°≈ÿà¡ ALT ·≈– LEG
 à«π§à“ IVNDFD æ∫«à“°≈ÿà¡ NFFS ¡’§à“ Ÿß°«à“ (P<0.01)  °≈ÿà¡ FFS ·≈– ALT ·µà‰¡à·µ°µà“ß (P>0.05) ®“°
°≈ÿà¡ GRS ·≈– LEG §à“®≈»“ µ√å°“√º≈‘µ·°ä  °≈ÿà¡ NFFS ¡’§à“»—°¬¿“æ¢Õß°“√º≈‘µ·°ä ∑’ËµË”°«à“ (P<0.01)
°≈ÿà¡ FFS, ALT ·≈– GRS ·µà‰¡à¡’§«“¡·µ°µà“ß (P>0.05) ®“°°≈ÿà¡ LEG §à“ C ¢Õß°≈ÿà¡ NFFS ‰¡à·µ°µà“ß
(P>0.05) ®“°°≈ÿà¡ FFS ·≈– ALT ·µà¡’§à“∑’Ë Ÿß°«à“°≈ÿà¡ GRS ·≈– LEG ·≈–§à“ ME æ∫«à“ «—µ∂ÿ¥‘∫°≈ÿà¡ NFFS
¡’§à“ ME Õ¬Ÿà„π√–¥—∫∑’Ë Ÿß°«à“ (P<0.05) °≈ÿà¡ FFS ·≈– GRS ·µà¡’§à“∑’Ë‰¡à·µ°µà“ß (P>0.05) ®“°°≈ÿà¡ ALT ·≈–
LEG ¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√»÷°…“„π§√—Èßπ’È ™’È„Àâ‡ÀÁπ«à“ NFFS ∫“ß™π‘¥¡’»—°¬¿“æ Ÿß ”À√—∫°“√„™â‡ªìπ·À≈àß‚ª√µ’π
·≈–æ≈—ßß“π„πÕ“À“√ —µ«å‡§’È¬«‡Õ◊ÈÕß

§” ”§—≠ : °“√¬àÕ¬‰¥â º≈º≈‘µ·°ä  æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â ·À≈àß‡¬◊ËÕ„¬∑’Ë‰¡à„™àæ◊™Õ“À“√ —µ«å

∫∑π”

ªí®®ÿ∫—π‰¥â¡’ª√‘¡“≥ ·≈–°“√π”„™âª√–‚¬™πå
«—µ∂ÿ¥‘∫Õ“À“√ —µ«å ®“°º≈æ≈Õ¬‰¥â∑“ßÕÿµ “À°√√¡
‡°…µ√‡æ‘Ë¡¢÷Èπ À“°¡’ª√‘¡“≥‡¬◊ËÕ„¬‡ªìπ à«πª√–°Õ∫Õ¬Ÿà
 Ÿß Õ“®‡√’¬°«à“·À≈àß‡¬◊ËÕ„¬∑’Ë‰¡à„™àæ◊™Õ“À“√ —µ«å  (non-
forage fiber source : NFFS) Pereira et al. (2001)
‰¥â„Àâ§”®”°—¥§«“¡¢Õß NFFS À¡“¬∂÷ß º≈æ≈Õ¬‰¥â®“°
æ◊™∑’Ë∑”°“√ °—¥‡Õ“·ªÑß πÈ”µ“≈ À√◊ÕÕß§åª√–°Õ∫Õ◊ËπÊ
∑’Ë ‰¡à „™à‡¬◊ËÕ„¬ÕÕ°‰ª ‚¥¬º≈æ≈Õ¬‰¥â¥—ß°≈à“« ¡’
Õß§åª√–°Õ∫∑’Ë‡ªìπ‡¬◊ËÕ„¬∑’Ë¡’≈—°…≥–·µ°µà“ßÕÕ°‰ª®“°

æ◊™Õ“À“√ —µ«å∑—Ë«‰ª «—µ∂ÿ¥‘∫∫“ß™π‘¥¡’Õß§åª√–°Õ∫
∑’Ë‡ªìπ‡¬◊ËÕ„¬∑’Ë‰¡à≈–≈“¬„π “√øÕ°∑’Ë‡ªìπ°≈“ß (neutral
detergent fiber; NDF) ‡À≈◊ÕÕ¬Ÿà„πª√‘¡“≥„°≈â‡§’¬ß
°—∫æ◊™Õ“À“√ —µ«å∑—Ë«‰ª ·µà¡’¢π“¥√Ÿª√à“ß (particle size)
¢π“¥‡≈Á°≈–‡Õ’¬¥ À“°¥Ÿ¥â«¬ “¬µ“®–¡’≈—°…≥–§≈â“¬
°—∫Õ“À“√¢âπº ¡ ”‡√Á®√Ÿª ‡π◊ËÕß®“°º≈æ≈Õ¬‰¥â®“°
Õÿµ “À°√√¡‡°…µ√¡’ª√‘¡“≥‡¬◊ËÕ„¬Õ¬Ÿà„πª√‘¡“≥„°≈â‡§’¬ß
°—∫æ◊™Õ“À“√ —µ«å ·µà¡’§ÿ≥ ¡∫—µ‘∫“ßª√–°“√∑’Ë·µ°µà“ß°—π
°“√®–π”¡“„™â‡ªìπÕ“À“√ —µ«å‡§’È¬«‡Õ◊ÈÕß ®÷ß¡’§«“¡®”‡ªìπ
∑’Ë®–µâÕß»÷°…“∂÷ß»—°¬¿“æ°“√„™âª√–‚¬™πå„π¥â“π§ÿ≥§à“
∑“ß‚¿™π–
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0.5 °√—¡‡ªìπÀπà«¬∑¥≈Õß ·≈–¡’ªí®®—¬°“√∑¥≈Õß≈–
4 ´È” ‚¥¬∑”°“√∫≈ÁÕ°Àπà«¬∑¥≈Õß µ“¡Àπà«¬ (unit)
°“√‡µ√’¬¡ “√≈–≈“¬¢Õß‡À≈«®“°°√–‡æ“–À¡—°º ¡
(rumen inoculum) ∑’Ë„™â ”À√—∫∫√√®ÿ„πÀπà«¬∑¥≈Õß
∑’Ë·µ°µà“ß°—π ®”π«π 4 Àπà«¬ ‡π◊ËÕß®“°¢âÕ®”°—¥¥â“π
ª√‘¡“µ√§«“¡®ÿ¢ÕßÕÿª°√≥å„π°“√‡µ√’¬¡ “√ ®÷ß¡’§«“¡
®”‡ªìπµâÕß‡µ√’¬¡ “√≈–≈“¬¢Õß‡À≈«®“°°√–‡æ“–
À¡—°º ¡·¬°°—π ́ ÷ËßÕ“®¡’§«“¡º—π·ª√√–À«à“ßÀπà«¬¢Õß
°“√‡µ√’¬¡ “√≈–≈“¬

™π‘¥/·À≈àß«—µ∂ÿ¥‘∫Õ“À“√∑’Ë‡ªìπªí®®—¬°“√
∑¥≈Õß (treatment) ‰¥â®“°°“√ ÿà¡®“°·À≈àß®”Àπà“¬∑’Ë
 À°√≥å‚§π¡πÈ”æÕß ®”°—¥ ‰√à∑¥≈Õß¿“§«‘™“ —µ«»“ µ√å
§≥–‡°…µ√»“ µ√å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ ·≈–µ—«Õ¬à“ß
æ◊™Õ“À“√ —µ«å ®“°ÀâÕßªØ‘∫—µ‘°“√«‘‡§√“–ÀåÕ“À“√ —µ«å
»Ÿπ¬å«‘®—¬·≈–æ—≤π“Õ“À“√ —µ«å¢Õπ·°àπ ‰¥â∂Ÿ°·∫àßÕÕ°
‡ªìπ 2 °≈ÿà¡ §◊Õ

°≈ÿà¡∑’Ë 1. ·À≈àßÕ“À“√À¬“∫ (Forage fiber
sources; FFS) 19 ™π‘¥ ∑’Ë·∫àß‡ªìπ°≈ÿà¡¬àÕ¬ ¥—ßπ’È

°≈ÿà¡∑’Ë 1.1 °≈ÿà¡æ◊™Õ“À“√ —µ«å∑“ß‡≈◊Õ°
(Alternative forage; ALT) ‰¥â·°à ÕâÕ¬∑—Èßµâπ
(Saccharum officinarum) ·≈– ¢â“«øÉ“ßÀ«“π
(Sorghum bicolor)

°≈ÿà¡∑’Ë 1.2 À≠â“æ◊™Õ“À“√ —µ«å (Grass
forage; GRS) ‰¥â·°à À≠â“Õ–µ√“µ—È¡ (Paspalum
atratum), À≠â“¢π (Panicum maximum), À≠â“°‘ππ’
(Brachiaria mutica), À≠â“‡π‡ªï¬√å·§√– (Pennisetum
purpureum cv. Mott), À≠â“‡π‡ªï¬√å¬—°…å (Pennisetum
purpureum cv. Kinggrass), À≠â“·æß‚°≈à“ (Digitaria
eriantha) (2 µ—«Õ¬à“ß), À≠â“æ≈‘·§∑Ÿ≈—¡ (Paspalum
plicatulum), À≠â“√Ÿ´’Ë (Brachiaria ruziziensis)
(2 µ—«Õ¬à“ß), À≠â“‚√ä¥ (Choris gayana) ·≈–À≠â“
´‘°·π≈‡≈◊ÈÕ¬ (Brachiaria humidicola)

°≈ÿà¡∑’Ë 1.3 ∂—Ë«æ◊™Õ“À“√ —µ«å (Legume
forage; LEG) ‰¥â·°à ∂—Ë«§“«“≈‡§¥ (Centrocema
pubescens cv. Cavalcade)(2 µ—«Õ¬à“ß), ∂—Ë«Œ“¡“µâ“
(Stylosanthes hamata cv.Verano), ∂—Ë«∑à“æ√– ‰µ‚≈

 —µ«å‡§’È¬«‡Õ◊ÈÕß ¡’§«“¡ “¡“√∂„π°“√„™âª√–‚¬™πå
‡¬◊ËÕ„¬∑’Ë¡’Õ¬Ÿà„πÕ“À“√∑’Ë·µ°µà“ß‰ª®“° —µ«å‰¡à‡§’È¬«‡Õ◊ÈÕß
¡’∫∑∫“∑‡æ◊ËÕ‡ªìπ·À≈àßæ≈—ßß“π·≈–¡’∫∑∫“∑∑’Ë ”§—≠µàÕ
°√–∫«π°“√‡§’È¬«‡Õ◊ÈÕß·≈–°“√À≈—ËßπÈ”≈“¬ ´÷Ëß®– àß
º≈°√–∑∫µàÕ°“√‡ª≈’Ë¬π·ª≈ßª√‘¡“≥°“√°‘π‰¥â
°√–∫«π°“√À¡—°„π°√–‡æ“–À¡—° §«“¡ “¡“√∂„π°“√
¬àÕ¬‰¥â·≈–°“√∑”ß“π¢Õß°√–‡æ“–À¡—° ¥—ßπ—Èπ‡¡◊ËÕ
®—¥°“√„ÀâÕ“À“√ ®÷ßµâÕß§”π÷ß∂÷ß√–¥—∫‡¬◊ËÕ„¬∑’Ë‡À¡“– ¡
„π —µ«å‡§’È¬«‡Õ◊ÈÕß NRC (2001) ‰¥â·π–π”√–¥—∫¢Õß
NDF ∑’Ë‡À¡“– ¡„π Ÿµ√Õ“À“√‚§π¡‰«â∑’Ë™à«ß§à“ 25-33
‡ªÕ√å‡´Áπµå ·≈–µâÕß‡ªìπ‡¬◊ËÕ„¬∑’Ë¡“®“°æ◊™Õ“À“√ —µ«å
‰¡àµË”°«à“ 15-19 ‡ªÕ√å‡´Áπµå  ®÷ß®–‰¡à àßº≈°√–∑∫µàÕ
°“√∑”ß“π¢Õß°√–‡æ“–À¡—°  à«π„π‚§‡π◊ÈÕ NRC (1996)
‰¥â·π–π”√–¥—∫¢Õß NDF  „π√Ÿª¢Õß‡¬◊ËÕ„¬∑’Ë¡’ª√– ‘∑∏‘¿“æ
(effective NDF; eNDF) „π°“√°√–µÿâπ°“√‡§’È¬«‡Õ◊ÈÕß
°“√À≈—ËßπÈ”≈“¬ °“√‡§’È¬«‡Õ◊ÈÕß·≈–°“√∫’∫‡§≈◊ËÕπµ—«¢Õß
°√–‡æ“–À¡—° ́ ÷Ëß eNDF ¡’§«“¡À¡“¬„π‡™‘ß∑’Ë·µ°µà“ß‰ª
·≈–¡’§«“¡®”‡æ“–¡“°°«à“ ·≈–‡ªìπ à«πÀπ÷Ëß„πª√‘¡“≥
NDF ∑—ÈßÀ¡¥∑’Ë¡’Õ¬Ÿà„πÕ“À“√ ‚¥¬ NRC (1996) ·π–π”
√–¥—∫§à“ eNDF ∑’Ë‡À¡“– ¡„π Ÿµ√Õ“À“√‰«â∑’Ë 20
‡ªÕ√å‡´Áπµå¢Õß«—µ∂ÿ·Àâß

°“√«‘®—¬„π§√—Èßπ’È®÷ß¡’«—µ∂ÿª√– ß§å ‡æ◊ËÕ
‡ª√’¬∫‡∑’¬∫§ÿ≥§à“∑“ß‚¿™π–„π¥â“π §«“¡ “¡“√∂„π
°“√¬àÕ¬‰¥â¢Õß‡¬◊ËÕ„¬ ®≈»“ µ√å°“√º≈‘µ·°ä  ·≈–§à“
æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â¢Õß·À≈àß«—µ∂ÿ¥‘∫Õ“À“√À¬“∫
·≈–·À≈àß‡¬◊ËÕ„¬∑’Ë‰¡à„™àæ◊™Õ“À“√ —µ«å∫“ß™π‘¥∑’Ë¡’»—°¬¿“æ
°“√„™âª√–‚¬™πå Ÿß

Õÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß

1. ·ºπ°“√∑¥≈Õß·≈–ªí®®—¬°“√∑¥≈Õß
ÕÕ°·∫∫·≈–«‘‡§√“–Àå§«“¡·ª√ª√«π¢âÕ¡Ÿ≈

µ “¡·ºπ°“√∑¥≈Õß·∫∫ ÿà ¡ „π∫≈Á Õ° ¡∫Ÿ √≥å
(Randomized Completely Block Design: RCBD)
‚¥¬¡’™π‘¥«—µ∂ÿ¥‘∫Õ“À“√‡ªìπªí®®—¬°“√∑¥≈Õß „™â¢«¥
∑¥≈Õß¢π“¥ 50 ¡‘≈≈‘≈‘µ√ ∑’Ë∫√√®ÿµ—«Õ¬à“ßÕ“À“√ª√–¡“≥
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(Stylosanthes guianensis CIAT 184) ·≈–µâπ∂—Ë«≈‘ ß
(Peanut straw)

°≈ÿà¡∑’Ë 2. ·À≈àß‡¬◊ËÕ„¬∑’Ë‰¡à„™àæ◊™Õ“À“√ —µ«å
(Non-forage fiber sources; NFFS) 13 ™π‘¥ ‰¥â·°à
°“°‡∫’¬√å·Àâß (Brewery waste dried) °“°‡∫’¬√å ¥
(Brewery waste wet) °“°¡–æ√â“« (Coconut meal)
°“°¡–æ√â“«§—ÈππÈ”°–∑‘ (Coconut milk residue) ‡ª≈◊Õ°
¡—π ”ª–À≈—ß (Cassava peel) °“°¡—π ”ª–À≈—ß
(Cassava pulp) °“°πÿàπ (Kapok seed meal) √”∂—Ë«‡¢’¬«
(Mung bean bran) °“°ª“≈å¡ (Palm kernel meal)
√”À¬“∫ (Rice pollard) º‘« (‡ª≈◊Õ°Àÿâ¡‡¡≈Á¥) ∂—Ë«‡À≈◊Õß
(Soybean husk) °“°¡–‡¢◊Õ‡∑» (Tomato pomace)
·≈–°“°∂—Ë«‡À≈◊Õß (Soybean meal) ´÷Ëßª°µ‘·≈â«
°“°∂—Ë«‡À≈◊Õß®—¥‡ªìπ·À≈àß«—µ∂ÿ¥‘∫Õ“À“√¢âπ ·µà‡π◊ËÕß®“°
°“√»÷°…“„π§√—Èßπ’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ ª√–‡¡‘π§«“¡ “¡“√∂
„π°“√¬àÕ¬‰¥â¢Õß‡¬◊ËÕ„¬¢Õß«—µ∂ÿ¥‘∫ ®÷ß‰¥â®—¥√«¡‰«â„π°≈ÿà¡
NFFS ́ ÷Ëß¡—°®–∂Ÿ°π”‰ªª√–°Õ∫‡ªìπ Ÿµ√Õ“À“√¢âπ ‡™àπ
‡¥’¬«°—π°—∫°“°∂—Ë«‡À≈◊Õß
2. ¢—ÈπµÕπ°“√∑¥≈Õß·≈–‡°Á∫¢âÕ¡Ÿ≈

2.1 °“√‡µ√’¬¡«—µ∂ÿ¥‘∫Õ“À“√∑¥≈Õß π”
«—µ∂ÿ¥‘∫Õ“À“√ —µ«å∑’Ë‰¥â®“°°“√ ÿà¡‡°Á∫ ¡“∑”°“√Õ∫√âÕπ
·∫∫·Àâß∑’Ë 60 Õß»“‡´≈‡´’¬ ‡ªìπ‡«≈“ 48 ™—Ë«‚¡ß ·≈â«
∫¥ºà“πµ–·°√ß¢π“¥ 1 ¡‘≈≈‘‡¡µ√ ·≈–∑”°“√™—Ëß·≈–
®¥∫—π∑÷°πÈ”Àπ—°∑’Ë·πàπÕπ ·≈â«∫√√®ÿµ—«Õ¬à“ßª√–¡“≥
0.5 °√—¡ „π¢«¥¢π“¥ 50 ¡‘≈≈‘≈‘µ√ æ√âÕ¡∑”°“√ªî¥Ω“
„Àâ π‘∑¥â«¬®ÿ°¬“ß·≈–§√Õ∫·πàπ¥â«¬Ω“Õ≈Ÿ¡‘‡π’¬¡ ·≈â«
∑”°“√∫à¡„πµŸâÕ∫√âÕπ·Àâß∑’Ë 39 Õß»“‡´≈‡´’¬  ‡æ◊ËÕ√Õ
°“√∫√√®ÿ “√≈–≈“¬¢Õß‡À≈«®“°°√–‡æ“–À¡—°º ¡
π”µ—«Õ¬à“ß‰ª∑”°“√«‘‡§√“–ÀåÀ“ ‡¬◊ËÕ„¬∑’Ë‰¡à≈–≈“¬„π
 “√øÕ°∑’Ë‡ªìπ°≈“ß ‡¬◊ËÕ„¬∑’Ë‰¡à≈–≈“¬„π “√øÕ°∑’Ë‡ªìπ
°√¥ (Acid detergent fiber; ADF) ·≈– ≈‘°π‘π (Acid
detergent lignin; ADL) µ“¡«‘∏’¢Õß Van Soest et al.
(1991) ·≈– ‡∂â“ (Ash), «—µ∂ÿ·Àâß (Dry matter; DM),
‚ª√µ’πÀ¬“∫ (Crude protein; CP) ·≈– ‰¢¡—π (Ether
extract; EE) µ“¡«‘∏’¢Õß AOAC (1984)

2.2 °“√‡µ√’¬¡ “√≈–≈“¬¢Õß‡À≈«®“°
°√–‡æ“–À¡—°º ¡ (rumen inoculum) ·À≈àß®ÿ≈‘π∑√’¬å
·≈–¢Õß‡À≈«®“°°√–‡æ“–À¡—° —µ«å∑¥≈Õß (inoculum)
„™â‚§π¡≈Ÿ°º ¡‚Œ≈ ‰µπåø√’‡™’Ë¬π‡æ»ºŸâ 3 µ—« πÈ”Àπ—°
‡©≈’Ë¬ª√–¡“≥ 200 °‘‚≈°√—¡ ∑’Ë‰¥â√—∫µâπ¢â“«øÉ“ßÀ«“π
 —∫·Àâß‡ªìπÕ“À“√À¬“∫ ‡ªìπ·À≈àß¢Õß¢Õß‡À≈«®“°
°√–‡æ“–À¡—° ‡æ◊ËÕ‡µ√’¬¡ “√≈–≈“¬º ¡¢Õß‡À≈«®“°
°√–‡æ“–À¡—° ‡æ◊ËÕ∫√√®ÿ≈ß„π¢«¥¬àÕ¬µ—«Õ¬à“ß«—µ∂ÿ¥‘∫
Õ“À“√ —µ«å ∑”°“√‡µ√’¬¡‚¥¬„™â¢Õß‡À≈«„π°√–‡æ“–
À¡—°·≈– “√≈–≈“¬µ“¡«‘∏’°“√¢Õß Markkar et al.
(1995) Õâ“ß‚¥¬ Sommart et al. (2000) ·≈â«∑”°“√
∫√√®ÿ “√≈–≈“¬¢Õß‡À≈«®“°°√–‡æ“–À¡—°º ¡„π¢«¥
∑’Ë∫√√®ÿ«—µ∂ÿ¥‘∫µ—«Õ¬à “ß·≈–∫à¡√Õ‰«â·≈â«¢«¥≈–
40 ¡‘≈≈‘≈‘µ√ ·≈â«π”‡¢â“∫à¡„πµŸâÕ∫√âÕπ·Àâß∑’Ë 39 Õß»“
‡´≈‡ ’́¬  ‡æ◊ËÕ∑”°“√«—¥ª√‘¡“≥·°ä µàÕ‰ª

2.3 °“√‡°Á∫·≈–ª√–¡«≈º≈¢âÕ¡Ÿ≈
2.3.1 º≈º≈‘µ·°ä  ∑”°“√®¥∫—π∑÷°

ª√‘¡“µ√¢Õß·°ä ∑’Ë‡°‘¥¢÷Èπ ‚¥¬∫—π∑÷°º≈∑ÿ°Ê 1 ™—Ë«‚¡ß
„π 12 ™—Ë«‚¡ß·√° µàÕ¡“∫—π∑÷°∑ÿ°Ê 3 ™—Ë«‚¡ß ®π∂÷ß
™—Ë«‚¡ß∑’Ë 24 ®“°π—Èπ∫—π∑÷°∑ÿ°Ê 6 ™—Ë«‚¡ß®π∂÷ß™—Ë«‚¡ß∑’Ë
78 ·≈– ÿ¥∑â“¬∑”°“√∫—π∑÷°™—Ë«‚¡ß∑’Ë 96 π”¢âÕ¡Ÿ≈∑’Ë‰¥â
¡“ª√–¡«≈ ·≈–«‘‡§√“–Àå§à“®≈»“ µ√å°“√º≈º≈‘µ·°ä 
‰¥â·°à §à“§ß∑’Ë a, b ·≈– c  ‚¥¬°“√„™â·°√¡  SAS  6.12
(1996) ‡æ◊ËÕ°“√Õ∏‘∫“¬®≈»“ µ√å¢Õß°“√º≈‘µ·°ä ®“°
 ¡°“√¢Õß Oskov and McDonald (1979) ¥—ß ¡°“√
y = a + b (1-e-ct) ‡¡◊ËÕ y = º≈º≈‘µ·°ä ∑’Ë‡°‘¥¢÷Èπ ≥
‡«≈“ t, a = ®ÿ¥µ—¥·°π y, b = §à“ª√‘¡“≥·°ä  ≥ ®ÿ¥∑’Ë
‡ âπ°√“ø√“∫‡√’¬∫ (asymtote) ·≈– c = §à“Õ—µ√“
°“√º≈‘µ·°ä 

2.3.2 §«“¡ “¡“√∂„π°“√¬àÕ¬‰¥â¢Õß
«—µ∂ÿ·Àâß (in vitro dry matter digestibility:  IVDMD),
§«“¡ “¡“√∂„π°“√¬àÕ¬‰¥â¢ÕßÕ‘π∑√’¬å«—µ∂ÿ (In vitro
organic matter digestibility: IVOMD) ·≈–§«“¡
 “¡“√∂„π°“√¬àÕ¬‰¥â¢Õß‡¬◊ËÕ„¬ (In vitro neutral
detergent fiber digestibility: IVNDFD) ¿“¬À≈—ß
°“√∫à¡™—Ë«‚¡ß∑’Ë 48 ∑”°“√ ÿà¡¢«¥¬àÕ¬®“°∑ÿ°ªí®®—¬
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°“√∑¥≈Õß ªí®®—¬≈– 4 ¢«¥ ( È́”) ·≈â«π”‡¢â“·™à·¢Áß∑—π∑’
‡æ◊ËÕÀ¬ÿ¥°‘®°√√¡¢Õß®ÿ≈≈‘π∑√’¬å ·≈–∑”°“√«‘‡§√“–ÀåÀ“
§«“¡ “¡“√∂„π°“√¬àÕ¬‰¥â„π¿“¬À≈—ß ‚¥¬°“√π”¢«¥
¬àÕ¬∑’Ë·™à·¢Áß¡“≈–≈“¬µ—« °àÕπ∑”°“√°√Õß‡Õ“¢Õß·¢Áß
∑’Ë‡À≈◊Õ®“°°“√¬àÕ¬π”‰ªÕ∫∑’Ë 105 Õß»“‡´≈‡´’¬  ‡ªìπ
‡«≈“ 12 ™—Ë«‚¡ß ‡æ◊ËÕ„Àâ‰¥â§à“«—µ∂ÿ·Àâß À≈—ß®“°π—Èπ
π”°“°∑’Ë‡À≈◊Õ‰ª∑”°“√«‘‡§√“–ÀåÀ“§à“ NDF ·≈–‡¡◊ËÕ‰¥â§à“
NDF ·≈â«π”‰ª‡º“∑’Ë 550 Õß»“‡´≈‡ ’́¬  3 ™—Ë«‚¡ß
‡æ◊ËÕ„Àâ‰¥â§à“‡∂â“∑’Ë‡À≈◊Õ®“°°“√¬àÕ¬‰ª∑”°“√§”π«≥
¥—ß ¡°“√
IVDMD (%) = [DM‡√‘Ë¡µâπ (g)-DMÀ≈—ß°“√∫à¡¬àÕ¬ (g)]x100

DM‡√‘Ë¡µâπ (g)

IVOMD (%) = [OM‡√‘Ë¡µâπ (g)-OMÀ≈—ß°“√∫à¡¬àÕ¬ (g)]x100

OM‡√‘Ë¡µâπ (g)

IVNDFD (%) =[NDF ‡√‘Ë¡µâπ(g)-NDF À≈—ß°“√∫à¡¬àÕ¬(g)]x100

NDF‡√‘Ë¡µâπ (g)

2.3.3 §à“æ≈—ßß“π∑’Ë “¡“√∂„™âª√–‚¬™πå
‰¥â„πµ—« —µ«å (ME)

°“√§”π«≥§à“æ≈—ßß“π ME ®“° ¡°“√∑”π“¬
¢Õß Menke et al. (1979) ME (MJ/kg DM)
= 2.20+(0.136xGv)+(0.057xCP) ( ¡°“√ 1; Eq1)
·≈– Menke and Steingass (1988) ME (MJ/kg DM)
=2.20+(0.1357xGv) + (0.0057xCP) + (0.0002859x
EE2) ( ¡°“√ 1; Eq2) ‚¥¬Õ“»—¬ª√‘¡“≥·°ä ∑’Ë 24 ™—Ë«‚¡ß
(Gv, ml) §à“‚ª√µ’πÀ¬“∫¢Õß«—µ∂ÿ¥‘∫ (CP, %) ·≈–
§à“‰¢¡—π (ether extract; EE) ‡ªìπµ—«·ª√„π°“√∑”π“¬

 ”À√—∫ª√‘¡“≥·°ä ∑’Ë 24 ™—Ë«‚¡ß ∑’Ë‰¥â®“°°“√
»÷°…“„π§√—Èßπ’È ‡ªìπª√‘¡“≥·°ä ∑’Ë‡°‘¥®“°µ—«Õ¬à“ß ª√‘¡“≥
0.5 °√—¡¢Õß«—µ∂ÿ·Àâß ‰¥â∂Ÿ°ª√—∫„Àâ‡ªìπª√‘¡“≥·°ä ®“°
µ—«Õ¬à“ßª√‘¡“≥ 0.2 °√—¡¢Õß«—µ∂ÿ·Àâß ‡æ◊ËÕπ”‰ª§”π«≥
§à“æ≈—ßß“π ME µ“¡ ¡°“√¢â“ßµâπ ‚¥¬°“√§”π«≥µ“¡
 —¥ à«π ¥—ßπ’È

Gv ®“° 0.2 g DM = 0.2xGv ®“° 0.5 g DM
0.5

3. °“√ª√–¡«≈º≈·≈–°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈∑“ß ∂‘µ‘
∑”°“√«‘‡§√“–Àå§«“¡·ª√ª√«π·∫∫ Analysis

of variance (ANOVA) ‡ª√’¬∫‡∑’¬∫§«“¡·µ°µà“ß
√–À«à“ß§à“‡©≈’Ë¬¢Õßªí®®—¬°“√∑¥≈Õß‚¥¬«‘∏’ Duncanûs
Multiple Range Test ∑’Ë√–¥—∫§«“¡¡—Ëπ„® 95 ‡ªÕ√å‡´Áπµå
(P<0.05) ·≈–‡ª√’¬∫‡∑’¬∫§«“¡·µ°µà“ß√–À«à“ß§à“‡©≈’Ë¬
¢Õß°≈ÿà¡°“√∑¥≈Õß‚¥¬«‘∏’ Orthogonal contrast ‚¥¬
°“√„™â Proc GLM ¢Õß‚ª√·°√¡ SAS 6.12 (1996)

º≈°“√∑¥≈Õß·≈–«‘®“√≥å

Õß§åª√–°Õ∫∑“ß‡§¡’
Õß§åª√–°Õ∫∑“ß‡§¡’¢Õß«—µ∂ÿ¥‘∫Õ“À“√ —µ«å

‡ªìπ¢âÕ¡Ÿ≈‡∫◊ÈÕßµâπ∑’Ë¡’§«“¡ ”§—≠ ∑’Ë∫àß™’È∂÷ß»—°¬¿“æ„π
°“√„™âª√–‚¬™πå‰¥â¢Õß«—µ∂ÿ¥‘∫Õ“À“√ —µ«å ®“°°“√»÷°…“
§√—Èßπ’È æ∫«à“ Õß§åª√–°Õ∫∑“ß‡§¡’¢Õß«—µ∂ÿ¥‘∫Õ“À“√ —µ«å
¡’§«“¡·ª√º—πµ“¡°≈ÿà¡«—µ∂ÿ¥‘∫·≈–™π‘¥¢Õß«—µ∂ÿ¥‘∫ ‡¡◊ËÕ
æ‘®“√≥“‡ª√’¬∫‡∑’¬∫√–À«à“ß°≈ÿà¡æ◊™Õ“À“√ —µ«å (FFS)
°—∫°≈ÿà¡·À≈àß‡¬◊ËÕ„¬∑’Ë‰¡à„™àæ◊™Õ“À“√ —µ«å (NFFS) ·≈â«
æ∫«à“ ¡’ NFFS À≈“¬™π‘¥∑’Ë¡’ª√‘¡“≥‚ª√µ’πÀ¬“∫Õ¬Ÿà Ÿß
°«à“°≈ÿà¡ FSS ·≈–‡¡◊ËÕæ‘®“√≥“∂÷ßÕß§åª√–°Õ∫∑’Ë‡ªìπ
‡¬◊ËÕ„¬ æ∫«à“ °≈ÿà¡ FSS ¡’ª√‘¡“≥‡¬◊ËÕ„¬Õ¬Ÿà Ÿß„°≈â‡§’¬ß°—π
„π¢≥–∑’Ë°≈ÿà¡ NFFS ¡’ª√‘¡“≥‡¬◊ËÕ„¬∑’Ëº—π·ª√µ“¡™π‘¥
¢Õß«—µ∂ÿ¥‘∫ Ÿß°«à“  à«πª√‘¡“≥‰¢¡—π (EE) „π°≈ÿà¡ FFS
¡’§à“∑’Ë¡’§«“¡º—π·ª√µË”°«à“ ·µ°µà“ß®“°°≈ÿà¡ NFFS
∑’Ë¡’§à“∑’Ë¡’§«“¡º—π·ª√ Ÿßµ“¡™π‘¥¢Õß«—µ∂ÿ¥‘∫ §«“¡º—π·ª√
¢ÕßÕß§åª√–°Õ∫∑“ß‡§¡’¥—ß°≈à“« Õ“®¡’ “‡Àµÿ®“°§«“¡
·µ°µà“ß∑“ß¥â“πæ—π∏ÿå Õ“¬ÿ°“√µ—¥ °“√®—¥°“√‡æ“–ª≈Ÿ°
°√–∫«π°“√º≈‘µ¢Õß·µà≈–‚√ßß“π·ª√√Ÿª

º≈°“√µ√«®«‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß‡§¡’¢Õß
°≈ÿà¡æ◊™Õ“À“√ —µ«å·µà≈–™π‘¥ ‰¥âº≈¥—ß· ¥ß√“¬≈–‡Õ’¬¥
„π Table∑’Ë 1 æ∫«à“ §à“«—µ∂ÿ·Àâß (dry matter; DM)
¢Õß«—µ∂ÿ¥‘∫Õ“À“√ —µ«å∑’Ë‰¥â„π§√—Èßπ’È ¡’§à“∑’Ë§àÕπ¢â“ß Ÿß
‡π◊ËÕß®“°‡ªìπ§à“ DM ∑’Ë‰¥â®“°°“√π”µ—«Õ¬à“ß∑’Ë∂Ÿ°∫¥
‡µ√’¬¡·≈â«®“°ÀâÕßªØ‘∫—µ‘°“√·≈â« ¡“∑”°“√ª√–‡¡‘π
‡æ◊ËÕ‡ªìπ∞“π„π °“√§”π«≥ª√‘¡“≥«—µ∂ÿ·Àâß ”À√—∫°“√
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∑¥≈Õß ‰¡à‰¥â‡ªìπ §à“∑’Ë‰¥â®“°°“√π”µ—«Õ¬à“ß ¥¡“∑”°“√
ª√–‡¡‘π ®÷ß∑”„Àâ§à“ DM ¢Õßæ◊™Õ“À“√ —µ«å∑’ËÕ“¬ÿ
·µ°µà“ß°—π¡’§à“∑’Ë·µ°µà“ß°—π ‰¡à¡“° ·≈–Õ¬Ÿà„π√–¥—∫∑’Ë Ÿß

º≈°“√µ√«®«‘‡§√“–Àå§à“ CP ¢ÕßµâπÕâÕ¬¡’§à“
µË”∑’Ë ÿ¥‡∑à“°—∫ 2.92 % À“°‡ª√’¬∫‡∑’¬∫°—∫ß“π∑¥≈Õß
∑’Ëºà“π¡“¡’§à“∑’ËµË”°«à“ÕâÕ¬∑’Ë¡’Õ“¬ÿ 3 ·≈– 6 ‡¥◊Õπ ∑’Ë¡’§à“
Õ¬Ÿà„π™à«ß 4.02-7.09 % (Sommart et al., 2005) ‡¡◊ËÕ
‡ª√’¬∫‡∑’¬∫°—∫æ◊™Õ“À“√ —µ«å™π‘¥Õ◊ËπÊ ‰¥â·°à ¢â“«øÉ“ß
À«“π∑’Ë¡’§à“‡∑à“°—∫ 8.88 % æ◊™Õ“À“√ —µ«å„π°≈ÿà¡À≠â“
·≈–°≈ÿà¡∂—Ë« ∑’Ë¡’§à“Õ¬Ÿà„π™à«ß 4.32-13.73 % ·≈–
9.94-17.76 % µ“¡≈”¥—∫ ́ ÷Ëß¡’§à“Õ¬Ÿà„π√–¥—∫∑’Ë„°≈â‡§’¬ß
°—∫√“¬ß“¬¢Õß °√¡ª»ÿ —µ«å (2547) ·≈–«√√≥“ ·≈–
§≥– (2548)

 ”À√—∫«—µ∂ÿ¥‘∫Õ“À“√ª√–‡¿∑ NFFS ®”·π°
‰¥â‡ªìπ “¡°≈ÿà¡ §◊Õ °≈ÿà¡∑’Ë 1 ¡’ CP √–¥—∫ Ÿß (CP>
20 %) °≈ÿà¡∑’Ë 2 ¡’ CP Õ¬Ÿà„π√–¥—∫ª“π°≈“ß (11.38-
16.49 % CP) ·≈– °≈ÿà¡∑’Ë 3 ∑’Ë¡’ CP Õ¬Ÿà„π√–¥—∫µË”
(1.72-7.43 % CP) ‚¥¬æ∫«à“ °≈ÿà¡∑’Ë 1 °“°∂—Ë«‡À≈◊Õß
¡’√–¥—∫¢Õß CP  Ÿß∑’Ë ÿ¥ ‡∑à“°—∫ 50.32 % ·≈–§à“∑’Ë Ÿß
√Õß≈ß¡“ ‰¥â·°à °“°‡∫’¬√å ¥ °“°‡∫’¬√å·Àâß °“°‡¡≈Á¥
πÿàπ ·≈–°“°¡–‡¢◊Õ‡∑» (32.58, 31.95, 30.73 ·≈–
21.03 % µ“¡≈”¥—∫) °≈ÿà¡∑’Ë 2 ¡’ CP Õ¬Ÿà„π√–¥—∫
ª“π°≈“ß ‰¥â·°à °“°¡–æ√â“« °“°ª“≈å¡√”∂—Ë«‡¢’¬« ·≈–
º‘«Àÿâ¡‡¡≈Á¥∂—Ë«‡À≈◊Õß ¡’ CP ‡∑à“°—∫ 16.49, 15.21,
13.07 ·≈– 11.38 % µ“¡≈”¥—∫ ‚¥¬§à“∑’Ë‰¥â‡À≈à“π’È¡’
§«“¡„°≈â‡§’¬ß°—∫º≈°“√»÷°…“¢Õß Songsak (2006)
·≈– “¡“√∂ —ß‡°µ‡ÀÁπ‰¥â«à“§à“ CP „π°≈ÿà¡∑’Ë 2 ¡’§à“
„°≈â‡§’¬ß°—∫°≈ÿà¡æ◊™Õ“À“√ —µ«å∑’Ë¡’§ÿ≥¿“æ¥’ ´÷Ëß§«“¡
·µ°µà“ß®“°°≈ÿà¡∑’Ë 3 ∑’Ë¡’ CP Õ¬ŸàµË” ‰¥â·°à √”À¬“∫ °“°
¡–æ√â“«§—Èπ°–∑‘ ‡ª≈◊Õ°¡—π ”ª–À≈—ß ·≈–°“°¡—π ”ª–À≈—ß
(7.43, 6.59, 4.15 ·≈– 1.72 % µ“¡≈”¥—∫)  ”À√—∫
‡ª≈◊Õ°¡—π ”ª–À≈—ß ·≈–°“°¡—π ”ª–À≈—ß¡’§à“∑’Ë„°≈â‡§’¬ß
°—∫°“√»÷°…“¢Õß æ’√æ®πå ·≈–°ƒµæ≈ (2546) ®“°¢âÕ¡Ÿ≈
¥—ß°≈à“«™’È„Àâ‡ÀÁπ«à“«—µ∂ÿ¥‘∫Õ“À“√ —µ«å∫“ß™π‘¥„π°≈ÿà¡
NFFS ∑’Ë¡’ CP  Ÿß “¡“√∂∑’Ë®–„™â‡ªìπ·À≈àß CP ‰¥âæ√âÕ¡
°—∫°“√‡ªìπ·À≈àß¢Õß‡¬◊ËÕ„¬ Õ“®„™âª√–‚¬™πå‡æ◊ËÕ∑¥·∑π

·À≈àß CP √“§“·æß·≈–¢“¥·§≈π¿“¬„πª√–‡∑» ‡™àπ
°“°∂—Ë«‡À≈◊Õß Õ¬à“ß‰√°Áµ“¡ ”À√—∫°≈ÿà¡ NFFS ∑’Ë¡’ CP
µË”¬—ß¡’§«“¡®”‡ªìπ„π°“√∑’ËµâÕß„™â·À≈àß CP Õ◊Ëπ‡¢â“¡“
™à«¬‡ √‘¡„π°“√„™â‡ªìπÕ“À“√ —µ«å‡§’È¬«‡Õ◊ÈÕß

º≈°“√µ√«®«‘‡§√“–Àå§à“‰¢¡—π¢Õßæ◊™Õ“À“√
 —µ«å¡’§à“§àÕπ¢â“ßµË” ‚¥¬¡’§à“Õ¬Ÿà„π™à«ß 0.30-3.14 %
µ√ß°—π¢â“¡°—∫°≈ÿà¡ NFFS ∑’Ë¡’§à“ª√‘¡“≥‰¢¡—π§àÕπ¢â“ß
º—π·ª√ µ—Èß·µà√–¥—∫∑’ËµË” ‰¥â·°à °“°¡—π ”ª–À≈—ß º‘«‡¡≈Á¥
∂—Ë«‡À≈◊Õß °“°¡–‡¢◊Õ‡∑» °“°∂—Ë«‡À≈◊Õß ‡ª≈◊Õ°¡—π
 ”ª–À≈—ß √”À¬“∫ ·≈– √”∂—Ë«‡¢’¬« (0.38, 0.47, 0.97,
1.13, 1.40, 1.79 ·≈– 1.84 % µ“¡≈”¥—∫) ·≈–°≈ÿà¡
∑’Ë¡’§à“‰¢¡—π§àÕπ¢â“ß Ÿß∂÷ß√–¥—∫ Ÿß ‰¥â·°à °“°ª“≈å¡
°“°‡¡≈Á¥πÿàπ °“°‡∫’¬√å·Àâß °“°¡–æ√â“« °“°‡∫’¬√å ¥
·≈–°“°¡–æ√â“«§—Èπ°–∑‘ (6.26, 7.36, 7.70, 9.28,
12.29 ·≈– 27.11% µ“¡≈”¥—∫)

 ”À√—∫§à“Õß§åª√–°Õ∫‡¬◊ËÕ„¬ „π°≈ÿà¡æ◊™Õ“À“√
 —µ«å æ∫«à“ §à“ NDF ¢ÕßÕâÕ¬¡’§à“µË”∑’Ë ÿ¥ ‡∑à“°—∫
44.32 % ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫¢â“«øÉ“ßÀ«“π∑’Ë¡’§à“‡∑à“°—∫
59.56 % æ◊™Õ“À“√ —µ«å„π°≈ÿà¡À≠â“·≈–°≈ÿà¡∂—Ë« ∑’Ë¡’§à“
Õ¬Ÿà„π™à«ß 57.34-79.98 % ·≈– 46.66-69.24 %
µ“¡≈”¥—∫ ·≈–‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°≈ÿà¡æ◊™Õ“À“√ —µ«å°—∫
°≈ÿà¡ NFFS æ∫«à“ NFFS  à«π¡“°¡’§à“ NDF Õ¬Ÿà„π√–¥—∫
§àÕπ¢â“ß„°≈â‡§’¬ß°—πÀ√◊Õ Ÿß°«à“°≈ÿà¡ FFS ‰¥â·°à
°“°¡–æ√â“« °“°¡–‡¢◊Õ‡∑»°“°‡∫’¬√å·Àâß °“°¡–æ√â“«
§—Èπ°–∑‘ √”À¬“∫ °“°‡∫’¬√å ¥ °“°ª“≈å¡ ·≈–º‘«Àÿâ¡‡¡≈Á¥
∂—Ë«‡À≈◊Õß ‚¥¬¡’§à“Õ¬Ÿà√–À«à“ß 61.90-76.03% ·≈–
«—µ∂ÿ¥‘∫∫“ß™π‘¥¡’§à“Õ¬Ÿà„π√–¥—∫∑’ËµË”°«à“°≈ÿà¡ FFS ‰¥â·°à
°“°¡—π ”ª–À≈—ß ‡ª≈◊Õ°¡—π ”ª–À≈—ß √”∂—Ë«‡¢’¬« ·≈–
°“°‡¡≈Á¥πÿàπ ‚¥¬¡’§à“Õ¬Ÿà√–À«à“ß 23.25-39.97% ·≈–
¡’§à“µË”∑’Ë ÿ¥ ”À√—∫°“°∂—Ë«‡À≈◊Õß ‡∑à“°—∫ 13.51%

 à«π§à“ ADF æ∫«à“ ∂—Ë«§“«“≈‡§¥∑’ËÕ“¬ÿ°“√
µ—¥ 30 «—π¡’§à“µË”∑’Ë ÿ¥‡∑à“°—∫ 28.16 % ´÷ËßµË”°«à“ÕâÕ¬
∑’Ë¡’§à“‡∑à“°—∫ 32.20 % ‚¥¬§à“ ADF Õ¬Ÿà„π√–¥—∫∑’ËµË”
°«à“¢â“«øÉ“ßÀ«“π∑’Ë¡’§à“‡∑à“°—∫ 38.07 % ·≈–æ◊™Õ“À“√
 —µ«å„π°≈ÿà¡À≠â“·≈–°≈ÿà¡∂—Ë«™π‘¥Õ◊ËπÊ ∑’Ë¡’§à“Õ¬Ÿà„π™à«ß
39.74-46.10 % ·≈– 39.08-49.44 % µ“¡≈”¥—∫
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Table1 Chemical composition of forage fiber sources (FFS) and agro-industrial by-products.

1DM = dry matter, CP = crude protein, EE = ether extract, NDF = neutral detergent fiber, ADF = acid detergent fiber,
ADL = acid detergent lignin

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°≈ÿà¡æ◊™Õ“À“√ —µ«å∑—ÈßÀ¡¥
°—∫°≈ÿà¡ NFFS  à«π„À≠à·≈â« æ∫«à“¡’§à“ ADF Õ¬Ÿà„π
™à«ß∑’Ë„°≈â‡§’¬ß°—π (29.50-59.44%) ¬°‡«âπ°“°∂—Ë«‡À≈◊Õß

°“°¡—π ”ª–À≈—ß °“°‡∫’¬√å ¥ °“°‡∫’¬√å·Àâß ·≈– ‡ª≈◊Õ°
¡—π ”ª–À≈—ß ∑’Ë¡’§à“§àÕπ¢â“ßµË”°«à“ ‚¥¬¡’§à“Õ¬Ÿà√–À«à“ß
10.50-18.94% ·≈–„π à«π¢Õß§à“ ADL æ∫«à“ÕâÕ¬
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¢â“«øÉ“ßÀ«“π ·≈–æ◊™Õ“À“√ —µ«å°≈ÿà¡À≠â“ ¡’§à“∑’Ë§àÕπ¢â“ß
„°≈â‡§’¬ß°—π ‚¥¬¡’§à“Õ¬Ÿà„π™à«ß 2.99 - 5.99% ¬°‡«âπ
À≠â“√Ÿ´’ËÀ¡“¬‡≈¢ (2) ∑’Ë¡’§à“∑’Ë Ÿß°«à“ ‡∑à“°—∫ 6.96% ́ ÷Ëß
‡ªìπ§à“∑’Ë„°≈â‡§’¬ß°—∫æ◊™Õ“À“√ —µ«å„π°≈ÿà¡°≈ÿà¡∂—Ë« ∑’Ë¡’§à“
Õ¬Ÿà„π™à«ß 6.70-10.97% ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡ NFFS
 à«π„À≠à·≈â« æ∫«à“¡’§à“Õ¬Ÿà„π™à«ß∑’Ë„°≈â‡§’¬ß°—π (3.49-
13.74%) ¬°‡«âπ°“°∂—Ë«‡À≈◊Õß ·≈–º‘«Àÿâ¡‡¡≈Á¥∂—Ë«‡À≈◊Õß
¡’§à“∑’ËµË”°«à“ (0.06 ·≈– 1.46 % µ“¡≈”¥—∫) ·≈–
¡’∫“ß à«π∑’Ë¡’§à“§àÕπ¢â“ß Ÿß°«à“‡ªìπÕ¬à“ß¡“° §◊Õ °“°
‡¡≈Á¥πÿàπ °“°¡–‡¢◊Õ‡∑» ·≈– √”À¬“∫ (20.89, 21.11
·≈– 23.25 µ“¡≈”¥—∫)

®“°Õß§åª√–°Õ∫∑“ß‡§¡’ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫
§à“„πµ“√“ß§ÿ≥§à“∑“ß‚¿™π–¢Õß«—µ∂ÿ¥‘∫Õ“À“√ —µ«å
°√¡ª»ÿ —µ«å (2547) æ∫«à“¡’∑—Èß§à“∑’Ë„°≈â‡§’¬ß°—π ·≈–
§àÕπ¢â“ß·µ°µà“ß°—π„π∫“ß«—µ∂ÿ¥‘∫ Õ“®‡π◊ËÕß¡“®“°°“√
®—¥°“√·ª≈ßæ◊™Õ“À“√ —µ«å·≈–·À≈àß∑’Ë·µ°µà“ß°—πÀ√◊Õ
·À≈àßº≈‘µ∑’Ëµà“ß°—π„π°√≥’¢Õßº≈æ≈Õ¬‰¥â®“°‚√ßß“π
Õÿµ “À°√√¡

§«“¡ “¡“√∂„π°“√¬àÕ¬‰¥â„πÀ≈Õ¥∑¥≈Õß (In vitro
digestibility)

°“√ª√–‡¡‘π§ÿ≥§à“∑“ß‚¿™π–¢Õß«—µ∂ÿ¥‘∫Õ“À“√
 —µ«å πÕ°‡Àπ◊Õ®“°°“√æ‘®“√≥“Õß§åª√–°Õ∫∑“ß‡§¡’„π
‡∫◊ÈÕßµâπ·≈â« °“√ª√–‡¡‘π§«“¡ “¡“√∂„π°“√¬àÕ¬‰¥â
‡ªìπµ—«™’È«—¥Àπ÷Ëß∑’Ë∫Õ°∂÷ß°“√„™âª√–‚¬™πå‰¥â®√‘ß¢Õß«—µ∂ÿ¥‘∫
Õ“À“√ —µ«å‡¡◊ËÕ —µ«å‰¥â°‘πÕ“À“√‡À≈à“π—Èπ‡¢â“‰ª °“√»÷°…“
§√—Èßπ’È‰¥â∑”°“√ª√–‡¡‘π„πÀ≈Õ¥∑¥≈Õß ®”≈Õß ¿“«–
°“√¬àÕ¬¢ÕßÕ“À“√„π°√–‡æ“–À¡—° æ∫«à“§à“µ—«™’È«—¥
IVDMD °—∫ IVOMD À≈—ß°“√À¡—°¬àÕ¬∑’Ë 48 ™—Ë«‚¡ß
¡’§à“∑’Ë„°≈â‡§’¬ß°—π ‚¥¬∫“ß«—µ∂ÿ¥‘∫„π°≈ÿà¡ NFFS ¡’§à“
IVDMD ·≈– IVOMD ¡’§à“ Ÿß∑’Ë ÿ¥ ·µàÕ¬à“ß‰√°Áµ“¡
æ∫«à“ §à“∑’Ë‰¥â¡’§«“¡º—π·ª√µ“¡°≈ÿà¡·≈–™π‘¥¢Õß«—µ∂ÿ¥‘∫
¿“¬„π°≈ÿà¡ ·≈–§à“ IVNDFD °Á¡’§«“¡º—π·ª√„π
≈—°…≥–‡™àπ‡¥’¬«°—π ·≈–æ∫¢âÕ —ß‡°µ«à“ ·¡â«à“«—µ∂ÿ¥‘∫
·µà≈–™π‘¥∑’Ë¡’ª√‘¡“≥ NDF „°≈â‡§’¬ß°—π ·µà°≈—∫¡’§à“
IVNDFD ∑’Ë·µ°µà“ß°—πÕÕ°‰ª ́ ÷Ëß™’È„Àâ‡ÀÁπ∂÷ß§ÿ≥ ¡∫—µ‘

∑’Ë·µ°µà“ß°—π¢Õß‡¬◊ËÕ„¬„π·µà≈–«—µ∂ÿ¥‘∫Õ“À“√ —µ«å
∑—Èß„π°≈ÿà¡ FFS ·≈– NFFS

º≈®“°°“√∑¥≈Õß§√—Èßπ’È (Table 2) ‡¡◊ËÕ
‡ª√’¬∫‡∑’¬∫ √–À«à“ß§à“µ—«™’È«—¥ IVDMD °—∫ IVOMD
À≈—ß°“√À¡—°¬àÕ¬∑’Ë 48 ™—Ë«‚¡ß æ∫«à“¡’∑’Ë„°≈â‡§’¬ß°—π ·≈–
‡¡◊ËÕæ‘®“√≥“‡©æ“–§à“ IVOMD ‡ª√’¬∫‡∑’¬∫√“¬µ—«
√–À«à“ß™π‘¥«—µ∂ÿ¥‘∫¿“¬„π·µà≈–°≈ÿà¡  ”À√—∫°≈ÿà¡æ◊™
Õ“À“√ —µ«å æ∫«à“∂—Ë«§“«“≈‡§¥∑’ËÕ“¬ÿ°“√µ—¥ 30 «—π
¡’§à“ IVOMD  Ÿß∑’Ë ÿ¥‡∑à“°—∫ 63.25 % ·≈–¡’§«“¡
·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘®“°∑’ËÕâÕ¬·≈–∂—Ë«∑à“æ√–
 ‰µ‚≈ ·µà√–À«à“ßÕâÕ¬·≈–∂—Ë«∑à“æ√– ‰µ‚≈‰¡à¡’§«“¡
·µ°µà“ß°—π„π∑“ß ∂‘µ‘ ∑’Ë¡’§à“ IVOMD ‡∑à“°—∫ 50.49
·≈– 48.93 % µ“¡≈”¥—∫ ∑’Ë¡’§à“ Ÿß√Õß≈ß¡“‡ªìπæ◊™Õ“À“√
 —µ«å°≈ÿà¡∂—Ë«·≈–æ◊™Õ“À“√ —µ«å°≈ÿà¡À≠â“ Õß™π‘¥ ‰¥â·°à
µâπ∂—Ë«≈‘ ß À≠â“‡π‡ªï¬√å·§√– ∂—Ë«§“«“‡§¥À¡“¬‡≈¢
(2) À≠â“√Ÿ́ ’ËÀ¡“¬‡≈¢ (2) ·≈– ∂—Ë«Œ“¡“µâ“ ¡’§à“ IVOMD
‡∑à“°—∫ 46.23, 45.87, 45.33, 45.29 ·≈– 44.35%
µ“¡≈”¥—∫ „π°≈ÿà¡¥—ß°≈à“«π’È‰¡à¡’§«“¡·µ°µà“ß°—π

 à«πÀ≠â“™π‘¥Õ◊Ëπ∑’Ë‡À≈◊Õ ¡’§à“µË”≈ß¡“Õ¬Ÿà„π™à«ß
25.72-40.64 % ‚¥¬∑’ËÀ≠â“æ≈‘·§∑Ÿ≈—¡¡’§à“ IVOMD
µË”∑’Ë ÿ¥ ∑—Èßπ’ÈÕ“®¡’ “‡Àµÿ¡“®“°°“√∑’Ë¡’ª√‘¡“≥¢Õß ADF
·≈– ADL Õ¬Ÿà„π√–¥—∫∑’Ë§àÕπ¢â“ß Ÿß  ”À√—∫°≈ÿà¡ NFFS
æ∫«à“ §à“ IVOMD ¢Õß °“°∂—Ë«‡À≈◊Õß¡’§à“ Ÿß∑’Ë ÿ¥
√Õß≈ß¡“§◊Õ °“°¡—π ”ª–À≈—ß ·≈– ‡ª≈◊Õ°¡—π ”ª–À≈—ß
´÷Ëß‰¡à¡’§«“¡·µ°µà“ß°—π°—∫°“°¡–æ√â“« (83.30, 79.01,
68.49 ·≈– 67.03% µ“¡≈”¥—∫) ·≈–æ∫«à“√”À¬“∫¡’
§à“ IVOMD ∑’ËµË”∑’Ë ÿ¥‡∑à“°—∫ 15.74 % ·≈–‡¡◊ËÕ
æ‘®“√≥“‡ª√’¬∫‡∑’¬∫√–À«à“ß°≈ÿà¡«—µ∂ÿ¥‘∫·≈â« æ∫«à“§à“
IVOMD ¢Õß°≈ÿà¡ NFFS ¡’§à“∑’Ë Ÿß°«à“ °≈ÿà¡ FFS ·≈–
GRS Õ¬à“ß¡’π—¬ ”§—≠¬‘Ëß∑“ß ∂‘µ‘ (P<0.01) „π¢≥–∑’Ë
‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡ ALT ·≈– LEG ·≈â«‰¡à¡’§«“¡
·µ°µà“ß°—π

§à“§«“¡ “¡“√∂„π°“√¬àÕ¬‰¥â ¢Õß‡¬◊ËÕ„¬∑’Ë‰¡à
≈–≈“¬„π “√øÕ°∑’Ë‡ªìπ°≈“ß (IVNDFD) ¢Õßæ◊™Õ“À“√
 —µ«å∑’Ëπ”¡“ª√–‡¡‘π§√—Èßπ’È æ∫«à“ §à“ IVNDFD ¢Õß
¢â“«øÉ“ßÀ«“π¡’§à“∑’ËµË”∑’Ë ÿ¥·≈–‰¡à·µ°µà“ß®“°ÕâÕ¬
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¡’§à“‡∑à“°—∫ 4.66 ·≈– 6.28 % µ“¡≈”¥—∫ „π∑“ß
µ√ß°—π¢â“¡æ∫«à“æ∫«à“ IVNDFD ¢Õß∂—Ë«§“«“≈‡§¥∑’ËÕ“¬ÿ
°“√µ—¥ 30 «—π ¡’§à“ Ÿß∑’Ë ÿ¥ ‡∑à“°—∫ 41.14 % §«“¡·µ°µà“ß
¥—ß°≈à“«Õ“®‡π◊ËÕß¡“®“°ª√‘¡“≥‡´≈≈Ÿ‚≈ ·≈–‚ª√µ’π∑’Ë
·µ°µà“ß°—π ‚¥¬‡´≈≈Ÿ‚≈  (§”π«≥‰¥â®“°º≈µà“ß√–À«à“ß
§à“ NDF °—∫ ADF) ‡ªìπ§“√å‚∫‰Œ‡¥√µ∑’Ë‡ªìπ‚§√ß √â“ß
∑’Ë®—∫¬÷¥°—π°—∫‡Œ‰¡‡´≈≈Ÿ‚≈ ·≈–≈‘°π‘π √«¡°—π‡ªìπ à«π
¢Õßºπ—ß‡´≈≈åæ◊™ (Hall, 2000) ‚¥¬‡´≈≈Ÿ‚≈ ‡ªìπ
‡¬◊ËÕ„¬∑’Ë®ÿ≈‘π∑√’¬å “¡“√∂„™âª√–‚¬™πå‰¥âßà“¬°«à“‡¡◊ËÕ
‡ª√’¬∫‡∑’¬∫°—∫‡Œ‰¡‡´≈≈Ÿ‚≈ ·≈–≈‘°π‘π „π à«π¢Õß
‚ª√µ’π∑’Ë‡ªìπ·À≈àß¢Õß‰π‚µ√‡®π´÷Ëß¡’∫∑∫“∑µàÕ°“√„™â
ª√–‚¬™πå „π°“√‡æ‘Ë¡ª√–™“°√®ÿ≈‘π∑√’¬å ®“°°“√∑’Ë
¢â“«øÉ“ßÀ«“π·≈–ÕâÕ¬¡’ —¥ à«π‡´≈≈Ÿ‚≈ Õ¬Ÿà„πª√‘¡“≥∑’Ë
µË”°«à“ ́ ÷ËßÕ“®‡ªìπ à«π∑’Ë¬÷¥®—∫·πàπÕ¬Ÿà°—∫‡Œ‰¡‡´≈≈Ÿ‚≈ 
·≈–≈‘°π‘π √«¡∑—Èß°“√¡’ª√‘¡“≥¢Õß‚ª√µ’π∑’Ë§àÕπ¢â“ß
µË”°«à“  Õßªí®®—¬¥—ß°≈à“«π’È®÷ßÕ“® àßº≈∑”„Àâ§à“ IVNDFD
¢Õß¢â“«øÉ“ßÀ«“π·≈–ÕâÕ¬¡’§à“∑’ËµË”°«à“

·µàÕ¬à“ß‰√°Áµ“¡ ‡¡◊ËÕæ‘®“√≥“®“°°“√
‡ª√’¬∫‡∑’¬∫§à“ IVNDFD æ∫«à“¡’§«“¡º—π·ª√∑’Ë§àÕπ¢â“ß
 Ÿß ‚¥¬¡’§à“Õ¬Ÿà„π™à«ß 11.09-45.87 % ·≈– 16.61-
41.14 %  ”À√—∫æ◊™Õ“À“√ —µ«å°≈ÿà¡À≠â“·≈–∂—Ë«
µ“¡≈”¥—∫ ·¡â«à“æ◊™Õ“À“√ —µ«å∫“ß™π‘¥®“°∑—Èß Õß°≈ÿà¡
®–¡’ª√‘¡“≥¢Õß‡´≈≈Ÿ‚≈ ·≈–‚ª√µ’π„°≈â‡§’¬ß°—π°Áµ“¡
®÷ß§«√∑’Ë®–‰¥â¡’°“√»÷°…“∂÷ßªí®®—¬∑’Ë¡’º≈µàÕ§à“ IVNDFD
‡æ‘Ë¡‡µ‘¡µàÕ‰ª

§à“ IVNDFD ¢Õß°≈ÿà¡ NFFS ‡¡◊ËÕæ‘®“√≥“
‡ªìπ√“¬«—µ∂ÿ¥‘∫¿“¬„π°≈ÿà¡ æ∫«à“ °“°¡–æ√â“«¡’§à“ Ÿß∑’Ë ÿ¥
√Õß≈ß¡“§◊Õ °“°∂—Ë«‡À≈◊Õß ‚¥¬¡’§à“‡∑à“°—∫ 64.99 ·≈–
59.45 % µ“¡≈”¥—∫ ·≈–æ∫«à“ °“°¡–æ√â“«§—Èπ°–∑‘
°“°‡¡≈Á¥πÿàπ ·≈– √”∂—Ë«‡¢’¬«¡’§à“µË”∑’Ë ÿ¥  à«π∑’Ë‡À≈◊Õ¡’
§«“¡º—π·ª√Õ¬Ÿà√–À«à“ß 13.45-47.29 % ·≈–‡¡◊ËÕæ‘®“√≥“
√–À«à“ß°≈ÿà¡«—µ∂ÿ¥‘∫·≈â« æ∫«à“ §à“ IVNDFD ¢Õß°≈ÿà¡
NFFS ¡’§à“∑’Ë Ÿß°«à“ °≈ÿà¡ FFS ·≈– ALT Õ¬à“ß¡’
π—¬ ”§—≠¬‘Ëß∑“ß ∂‘µ‘ (P<0.01) „π¢≥–∑’Ë‰¡à¡’§«“¡
·µ°µà“ß°—π ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡ GRS ·≈– LEG

§à“®≈»“ µ√å°“√º≈‘µ·°ä 
(Kinetics of gas production)

§à“®≈»“ µ√å°“√º≈‘µ·°ä ‡ªìπµ—«™’È«—¥∑’Ë “¡“√∂
ª√–‡¡‘π°“√„™âª√–‚¬™πå¢Õß·À≈àß«—µ∂ÿ¥‘∫Õ“À“√ —µ«å
‡§’È¬«‡Õ◊ÈÕß‰¥â (Menke et al., 1979, Menke and
Steingass, 1988 ·≈– Sommart et al., 2000) ‚¥¬
º≈°“√»÷°…“„π§√—Èßπ’È æ∫«à“ §à“»—°¬¿“æ°“√º≈‘µ·°ä 
·≈–§à“Õ—µ√“°“√º≈‘µ·°ä ¡’§«“¡º—π·ª√µ“¡°≈ÿà¡·≈–
™π‘¥¢Õß«—µ∂ÿ¥‘∫Õ“À“√ —µ«å ‚¥¬°≈ÿà¡À≠â“æ◊™Õ“À“√
 —µ«å à«π¡“°¡’§à“»—°¬¿“æ°“√º≈‘µ·°ä ∑’Ë Ÿß°«à“°≈ÿà¡∂—Ë«
æ◊™Õ“À“√ —µ«å ·≈–‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫ √–À«à“ß°≈ÿà¡ FFS
°—∫ NFFS ·≈â« æ∫«à“ «—µ∂ÿ¥‘∫∫“ß™π‘¥„π°≈ÿà¡ NFFS
¡’»—°¬¿“æ°“√º≈‘µ·°ä ·≈–§à“Õ—µ√“°“√º≈‘µ·°ä ∑’Ë Ÿß°«à“
°≈ÿà¡ FFS ™’È„Àâ‡ÀÁπ∂÷ß»—°¬¿“æ„π°“√∑’Ë®–π”¡“‡ªìπ·À≈àß
Õ“À“√ —µ«å‡§’È¬«‡Õ◊ÈÕß∑¥·∑π·À≈àßæ◊™Õ“À“√ —µ«å‰¥â

®“°º≈°“√∑¥≈Õß (Table 2) ‡¡◊ËÕæ‘®“√≥“ §à“
A+B ´÷Ëß‡ªìπµ—«™’È«—¥∂÷ß»—°¬¿“æ§«“¡ “¡“√∂¢Õß°“√
À¡—°¬àÕ¬Õ“À“√¢Õß®ÿ≈‘π∑√’¬å‚¥¬°“√«—¥®“°ª√‘¡“≥°“√
º≈‘µ·°ä  ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫¿“¬„π°≈ÿà¡æ◊™Õ“À“√ —µ«å
æ∫«à“ À≠â“√Ÿ́ ’Ë∑’ËÕ“¬ÿ 30 «—π À≠â“‡π‡ªï¬√å·§√– ·≈–À≠â“
Õ–µ√“µ—È¡ ¡’§à“ Ÿß‡ªìπ 3 Õ—π¥—∫·√° (192.40, 179.83
·≈– 170.70 ml µ“¡≈”¥—∫)

 à«π°≈ÿà¡∂—Ë«æ◊™Õ“À“√ —µ«å¡’§à“∑’ËµË”°«à“ ‡¡◊ËÕ
‡ª√’¬∫‡∑’¬∫°—∫À≠â“°≈ÿà¡æ◊™Õ“À“√ —µ«å·≈–°≈ÿà¡æ◊™
Õ“À“√  —µ«å∑“ß‡≈◊Õ° „π à«π¢Õß°≈ÿà¡ NFFS æ∫«à“
º‘«Àÿâ¡‡¡≈Á¥∂—Ë«‡À≈◊Õß °“°¡—π ”ª–À≈—ß ·≈–‡ª≈◊Õ°
¡—π ”ª–À≈—ß ¡’§à“ Ÿß‡ªìπ 3 Õ—π¥—∫·√° (233.56, 189.44
·≈– 168.31 ml µ“¡≈”¥—∫) ®–‡ÀÁπ‰¥â«à“¡’§à“Õ¬Ÿà„π
√–¥—∫∑’Ë Ÿß°«à“À√◊Õ„°≈â‡§’¬ß°—∫°≈ÿà¡æ◊™Õ“À“√ —µ«å ·µà
À“°‡ª√’¬∫‡∑’¬∫°—π√–À«à“ß°≈ÿà¡¢Õß«—µ∂ÿ¥‘∫·≈â« æ∫«à“
°≈ÿà¡ NFFS ¡’§à“»—°¬¿“æ¢Õß°“√º≈‘µ·°ä ∑’ËµË”°«à“
°≈ÿà¡ FFS, ALT ·≈– GRS ·µà‰¡à¡’§«“¡·µ°µà“ß
(P>0.05) ®“°°≈ÿà¡ LEG

„π à«π¢Õß§à“Õ—µ√“°“√º≈‘µ·°ä  (C) ́ ÷ËßÕ∏‘∫“¬
Õ—µ√“‡√Á«„π°“√¬àÕ¬ ≈“¬¢Õß«—µ∂ÿ¥‘∫ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫
¿“¬„π°≈ÿà¡æ◊™Õ“À“√ —µ«å æ∫«à“ ÕâÕ¬ ∂—Ë«§“«“≈‡§¥∑’ËÕ“¬ÿ
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30 «—π ·≈– ∂—Ë«§“«“≈‡§¥∑’ËÀ¡“¬‡≈¢ (2)·≈–µâπ∂—Ë«
≈‘ ß‰¡à¡’§«“¡·µ°µà“ß°—π ¡’§à“ Ÿß‡ªìπ 3 Õ—π¥—∫·√°
(0.077, 0.057, 0.046 ·≈– 0.045 %/hr µ“¡≈”¥—∫)
 à«π°≈ÿà¡æ◊™Õ“À“√ —µ«å∑’Ë‡À≈◊Õ ¡’§à“Õ¬Ÿà√–À«à“ß 0.014-
0.040 %/hr ‡¡◊ËÕæ‘®“√≥“‡ª√’¬∫‡∑’¬∫„π°≈ÿà¡ NFFS
æ∫«à“ °“°¡–æ√â“«¡’§à“ C  Ÿß∑’Ë ÿ¥ ‡∑à“°—∫ 0.112 %/hr
√Õß≈ß¡“ §◊Õ ‡ª≈◊Õ°¡—π ”ª–À≈—ß ‡∑à“°—∫ 0.082 %/hr
·≈–æ∫«à“ √”À¬“∫·≈– º‘«Àÿâ¡‡¡≈Á¥∂—Ë«‡À≈◊Õß¡’§à“∑’ËµË”
∑’Ë ÿ¥ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫√–À«à“ß°≈ÿà¡«—µ∂ÿ¥‘∫·≈â« æ∫«à“
§à“ C ¢Õß°≈ÿà¡ NFFS ‰¡à·µ°µà“ß®“°°≈ÿà¡ FFS ·≈–
ALT ·µà¡’§à“∑’Ë Ÿß°«à“°≈ÿà¡ GRS ·≈– LEG

§à“æ≈—ßß“π∑’Ë “¡“√∂„™âª√–‚¬™πå‰¥â„πµ—« —µ«å
(Metabolizable energy; ME)

§à“æ≈—ßß“π∑’Ë “¡“√∂„™âª√–‚¬™πå‰¥â„πµ—« —µ«å
(ME) ¢Õß«—µ∂ÿ¥‘∫Õ“À“√ —µ«å ‚¥¬ª°µ‘ “¡“√∂ª√–‡¡‘π
§à“∑’Ë·∑â®√‘ß‰¥â®“°°“√∑¥≈Õß„πµ—« —µ«å ·µà¡’¢âÕ®”°—¥
∑’ËµâÕß„™â‡§√◊ËÕß¡◊Õ·≈–«‘∏’°“√∑’Ë´—∫´âÕπ (McLaen and
Tobin, 1987) ·≈–¡’§à“„™â®à“¬∑’Ë Ÿß Õ¬à“ß‰√°Áµ“¡ §à“ ME
 “¡“√∂∑”°“√ª√–‡¡‘π‰¥â‚¥¬°“√„™â ¡°“√∑”π“¬®“°
Õß§åª√–°Õ∫∑“ß‡§¡’ ·≈–§à“º≈º≈‘µ·°ä ®“°‡∑§π‘§
À≈Õ¥∑¥≈Õß ́ ÷Ëß®“°°“√∑¥≈Õßπ’È “¡“√∂∑”°“√ª√–‡¡‘π
§à“ ME ¢Õß«—µ∂ÿ¥‘∫Õ“À“√ —µ«å‰¥â ´÷Ëßæ∫«à“ §à“ ME
¡’§«“¡º—π·ª√‰ªµ“¡°≈ÿà¡·≈–™π‘¥¢Õß«—µ∂ÿ¥‘∫ ·µà°Á¡’
¢âÕ —ß‡°µ«à“ «—µ∂ÿ¥‘∫„π°≈ÿà¡ NFFS ∫“ß™π‘¥ ∑’Ë¡’§ÿ≥ ¡∫—µ‘
‡ªìπ·À≈àß¢Õß‡¬◊ËÕ„¬‡™àπ‡¥’¬«°—π°—∫æ◊™Õ“À“√ —µ«å ·µà
 “¡“√∂„Àâæ≈—ßß“π„π√–¥—∫∑’Ë‡∑à“°—πÀ√◊Õ Ÿß°«à“æ◊™Õ“À“√
 —µ«å

„π°“√∑¥≈Õßπ’È‰¥â∑”°“√ª√–‡¡‘π®“° ¡°“√
∑”π“¬®”π«π 2  ¡°“√ (Menke et al., 1979; Eq1
·≈– Menke and Steingass,1988; Eq2) º≈®“°°“√
∑¥≈Õß ¥—ß· ¥ß„πµ“√“ß∑’Ë 2 æ∫«à“ ‡¡◊ËÕ„™âµ—«·ª√∑’Ë‡ªìπ
§à“Õß§åª√–°Õ∫∑’Ë‡ªìπ‰¢¡—π‡¢â“¡“√à«¡„π°“√§”π«≥µ“¡
 ¡°“√ Eq 2 ∑”„Àâ‰¥â§à“ ME ∑’Ë§”π«≥‰¥âµË”°«à“§à“∑’Ë‰¥â
®“° Eq 1 ∑’Ë¡’°“√„™âµ—«·ª√∑’Ë‡ªìπ§à“º≈º≈‘µ·°ä ∑’Ë
24 ™—Ë«‚¡ß ·≈–Õß§åª√–°Õ∫∑’Ë‡ªìπ‚ª√µ’πÀ¬“∫ ·µàÕ¬à“ß‰√

°Áµ“¡ §à“∑’Ë‰¥â¡’§à“„°≈â‡§’¬ß°—π ‡¡◊ËÕæ‘®“√≥“§à“ ME ®“°
°“√§”π«≥‚¥¬„™â ¡°“√ Eq 1 ‡ª√’¬∫‡∑’¬∫°—π¿“¬„π
°≈ÿà¡ FFS ·≈â« æ∫«à“ ÕâÕ¬·≈–∂—Ë«§“«“‡§¥∑’ËÕ“¬ÿ
30 «—π ¡’§à“ ME  Ÿß∑’Ë ÿ¥·µà‰¡à¡’§«“¡·µ°µà“ß°—π„π∑“ß
 ∂‘µ‘ (7.73 ·≈– 7.66 MJ/kg DM µ“¡≈”¥—∫) §à“∑’Ë Ÿß
„π≈”¥—∫√Õß≈ß¡“§◊Õ°≈ÿà¡ LEG ∑’Ë‡À≈◊Õ §◊Õ ∂—Ë«§“«“‡§¥
∑’Ë‰¡à√–∫ÿÕ“¬ÿ ∂—Ë«Œ“¡“µâ“ ∂—Ë«∑à“æ√– ‰µ‚≈ ·≈–µâπ∂—Ë«≈‘ ß
¡’§à“Õ¬Ÿà√–À«à“ß 6.35-6.69 MJ/kg DM ‚¥¬„π°≈ÿà¡
¥—ß°≈à“«π’È‰¡à¡’§«“¡·µ°µà“ß°—π À≠â“ 4 ™π‘¥ ‰¥â·°à
À≠â “ √Ÿ ´’Ë ∑’Ë ‰¡à√–∫ÿÕ“¬ÿ À≠â“·æß‚°≈à“Õ“¬ÿ 45 «—π
À≠â“‡π‡ªï¬√å·§√– ·≈–À≠â“´‘°·π≈‡≈◊ÈÕ¬ ¡’§à“ ME
(6.40, 6.19, 6.10 ·≈– 5.95 MJ/kg DM µ“¡≈”¥—∫)
Õ¬Ÿà„π√–¥—∫∑’Ë„°≈â‡§’¬ß°—∫°≈ÿà¡ LEG  à«πÀ≠â“™π‘¥Õ◊Ëπ
∑’Ë‡À≈◊Õ·≈–¢â“«øÉ“ßÀ«“π¡’§à“ ME Õ¬Ÿà„π√–¥—∫∑’ËµË”°«à“
‚¥¬¡’§à“Õ¬Ÿà„π™à«ß 4.65-5.42 MJ/kg DM  à«π°≈ÿà¡
NFFS ‡¡◊ËÕæ‘®“√≥“‡ª√’¬∫‡∑’¬∫¿“¬„π°≈ÿà¡ æ∫«à“
°“°∂—Ë«‡À≈◊Õß ‡ª≈◊Õ°¡—π ”ª–À≈—ß ·≈–°“°¡—π ”ª–À≈—ß
¡’§à“ ME ‰¡à·µ°µà“ß°—π ·≈– Ÿß∑’Ë ÿ¥„π°≈ÿà¡ NFFS
‚¥¬¡’§à“‡∑à“°—∫ 9.18, 9.10 ·≈– 9.29 MJ/kg DM
µ“¡≈”¥—∫ Õ—π¥—∫√Õß≈ß¡“‰¥â·°à °“°¡–æ√â“« ·≈–
°“°ª“≈å¡ (8.09 ·≈– 7.81 MJ/kg DM µ“¡≈”¥—∫)
 à«π«—µ∂ÿ¥‘∫∑’Ë¡’§à“ ME ∑’ËµË”∑’Ë ÿ¥ 2 ™π‘¥ §◊Õ °“°¡–æ√â“«
§—Èπ°–∑‘ ·≈–√”À¬“∫ (3.50 ·≈– 3.13 MJ/kg DM
µ“¡≈”¥—∫) ·≈–‡¡◊ËÕæ‘®“√≥“‡ª√’¬∫‡∑’¬∫√–À«à“ß°≈ÿà¡
«—µ∂ÿ¥‘∫·≈â« æ∫«à“ «—µ∂ÿ¥‘∫°≈ÿà¡ NFFS ¡’§à“ ME Õ¬Ÿà
 Ÿß°«à“ °≈ÿà¡ FFS ·≈– GRS ·µà¡’§à“∑’Ë‰¡à·µ°µà“ß®“°
°≈ÿà¡ ALT ·≈– LEG ÷́Ëß™’È„Àâ‡ÀÁπ‰¥â«à“ «—µ∂ÿ¥‘∫°≈ÿà¡
NFFS ∑’Ë¡’§ÿ≥ ¡∫—µ‘‡ªìπ·À≈àß¢Õß‡¬◊ËÕ„¬‡™àπ‡¥’¬«°—π°—∫
æ◊™Õ“À“√ —µ«å ·µà “¡“√∂„Àâæ≈—ßß“π„π√–¥—∫∑’Ë‡∑à“°—πÀ√◊Õ
 Ÿß°«à“æ◊™Õ“À“√ —µ«å

 √ÿª

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫√–À«à“ß°≈ÿà¡ FFS °—∫°≈ÿà¡
NFFS æ∫«à“ §à“Õß§åª√–°Õ∫∑“ß‡§¡’„π à«π¢Õß CP ·≈–
NDF ¢Õß°≈ÿà¡ NFFS  à«π¡“°Õ¬Ÿà„π√–¥—∫∑’Ë Ÿß°«à“°≈ÿà¡
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Table 2 In vitro digestibility, gas production kinetics and calculated ME of forage fiber sources
(FFS) and agro-industrial by-products.

2IVDMD, IVOMD and IVNDFD= in vitro DM, organic matter (OM) and NDF digestibility, respectively, 3calculated ME
follow equation of Menke et al. (1979) (Eq1) and Menke and Steingass (1988) (Eq2), a, b, c, d, e, f, g, h, I, j, k, l  means within column
with different superscripts differ significantly (P<0.05).
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FFS §à“§«“¡ “¡“√∂„π°“√¬àÕ¬‰¥â∑—Èß IVDMD,
IVOMD ·≈– IVNDFD ¢Õß°≈ÿà¡ NFFS Õ¬Ÿà„π√–¥—∫
 Ÿß°«à“°≈ÿà¡ FFS §à“®≈»“ µ√å°“√º≈‘µ·°ä ¢Õß°≈ÿà¡
NFFS ¡’§à“»—°¬¿“æ¢Õß°“√º≈‘µ·°ä ∑’ËµË”°«à“°≈ÿà¡ FFS
§à“Õ—µ√“°“√º≈‘µ·°ä  (C) ¢Õß°≈ÿà¡ NFFS ‰¡à·µ°µà“ß
®“°°≈ÿà¡ FFS æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â„πµ—« —µ«å (ME)
¢Õß«—µ∂ÿ¥‘∫°≈ÿà¡ NFFS ¡’§à“Õ¬Ÿà„π√–¥—∫∑’Ë Ÿß°«à“°≈ÿà¡ FFS
®“°¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√»÷°…“„π§√—Èßπ’È · ¥ß„Àâ‡ÀÁπ«à“
 “¡“√∂π”«—µ∂ÿ¥‘∫Õ“À“√ª√–‡¿∑ NFFS „™â‡ªìπÕ“À“√
 —µ«å‡§’È¬«‡Õ◊ÈÕß‰¥â∑—Èß‡æ◊ËÕ‡ªìπ·À≈àß CP ·≈– NDF ‰¥â
‚¥¬∑’Ë«—µ∂ÿ¥‘∫∫“ß™π‘¥¡’§à“§«“¡ “¡“√∂„π°“√¬àÕ¬‰¥â
·≈–æ≈—ßß“π∑’Ë„™âª√–‚¬™πå‰¥â∑’Ë Ÿß°«à“ FFS «—µ∂ÿ¥‘∫
·µà≈–™π‘¥¡’§«“¡º—π·ª√ Ÿß·µ°µà“ß°—π °“√π”„™â‡≈’È¬ß
 —µ«å§«√æ‘®“√≥“√“¬≈–‡Õ’¬¥‡ªìπ√“¬«—µ∂ÿ¥‘∫

‡π◊ËÕß®“°°“√»÷°…“„π§√—Èßπ’È‡ªìπ°“√»÷°…“‡∫◊ÈÕßµâπ
„πÀ≈Õ¥∑¥≈Õß ®÷ß§«√¡’°“√»÷°…“‡æ‘Ë¡‡µ‘¡„πµ—« —µ«å
‡§’È¬«‡Õ◊ÈÕß

°‘µµ‘°√√¡ª√–°“»

§≥–ºŸâ«‘®—¬„§√à¢Õ¢Õ∫§ÿ≥ »Ÿπ¬å«‘®—¬·≈–æ—≤π“
Õ“À“√ —µ«å¢Õπ·°àπ ·≈–‚§√ß°“√«‘®—¬·≈–æ—≤π“ ‡æ◊ËÕ
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