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º≈¢Õß°“°‡π◊ÈÕ„π‡¡≈Á¥ª“≈å¡πÈ”¡—π„π Ÿµ√Õ“À“√

¢âπ√–¥—∫µà“ßÊ µàÕ§à“‰π‚µ√‡®π∑’Ë∂Ÿ°¥Ÿ¥´÷¡ (Absorbed

N) ·≈–ª√‘¡“≥°“√°—°‡°Á∫‰π‚µ√‡®π„π√à“ß°“¬

(Retained N) æ∫«à“√–¥—∫°“°‡π◊ÈÕ„π‡¡≈Á¥ª“≈å¡πÈ”¡—π

„π Ÿµ√Õ“À“√¢âπ¡’§«“¡·µ°µà“ß°—π (P<0.01) ·≈–

¡’°“√µÕ∫ πÕß„π≈—°…≥–√Ÿª·∫∫‡ªìπ‡ âπµ√ß (L,

P=0.02 ·≈– P=0.03) ‚¥¬§à“‰π‚µ√‡®π∑’Ë∂Ÿ°¥Ÿ¥ ÷́¡ ·≈–

ª√‘¡“≥°“√°—°‡°Á∫‰π‚µ√‡®π„π√à“ß°“¬≈¥≈ß‡¡◊ËÕ¡’

√–¥—∫¢Õß°“°‡π◊ÈÕ„π‡¡≈Á¥ª“≈å¡πÈ”¡—π„π Ÿµ√¡“°°«à“

45% Õ“®‡π◊ËÕß®“°ª√‘¡“≥‚ª√µ’π∑’Ë°‘π‰¥â  —¡ª√– ‘∑∏‘Ï

°“√¬àÕ¬‰¥â¢Õß‚ª√µ’πµË”°«à“°≈ÿà¡Õ◊Ëπ ·≈–¡’ —¥ à«π¢Õß

‚ª√µ’π∑’Ë‰¡à∂Ÿ°¬àÕ¬Õ¬Ÿà Ÿß àßº≈„Àâ°“√°—°‡°Á∫‰π‚µ√‡®π

≈¥≈ß ¢≥–∑’Ë°≈ÿà¡Õ◊ËπÊ ‰¡à¡’§«“¡·µ°µà“ß°—π (P>0.05)

®“°°“√∑¥≈Õß§√—Èßπ’È æ∫«à“ ¡¥ÿ≈¢Õß‰π‚µ√‡®π ·≈–

°“√„™âª√–‚¬™πå¢Õß‰π‚µ√‡®π¡’§à“‡ªìπ∫«°„π·æ–

∑ÿ°°≈ÿà¡ · ¥ß„Àâ‡ÀÁπ«à“√–¥—∫°“°‡π◊ÈÕ„π‡¡≈Á¥ª“≈å¡

πÈ”¡—π„πÕ“À“√∑’Ë‡æ‘Ë¡¢÷Èπ‰¡à¡’º≈µàÕ§«“¡ ¡¥ÿ≈¢Õß

‰π‚µ√‡®π ·≈–°“√„™âª√–‚¬™πå¢Õß‰π‚µ√‡®π Õ“®

‡π◊ËÕß®“° ·æ–‰¥â√—∫‰π‚µ√‡®π Ÿß°«à“§«“¡µâÕß°“√¢Õß

√à“ß°“¬ ´÷Ëß Ÿµ√Õ“À“√∑’Ë„Àâ∑ÿ° Ÿµ√¡’§à“§«“¡‡¢â¡¢âπ

¢Õß·Õ¡‚¡‡π’¬-‰π‚µ√‡®π (NH
3
-N) ‡°‘π√–¥—∫∑’Ë·π–π”

 ”À√—∫°“√‡®√‘≠∑’Ë‡À¡“– ¡¢Õß®ÿ≈‘π∑√’¬å (5-8 mg/dL;

Satter and Slyter, 1974 À√◊Õ 3.3-8.5 mg/100 mL;

Kang-Meznarich and Broderick, 1981)  ”À√—∫°“√‡®√‘≠

‡µ‘∫‚µ ·≈–°“√ —ß‡§√“–Àå®ÿ≈‘π∑√’¬å‚ª√µ’π Ÿß ÿ¥

· ¥ß„Àâ‡ÀÁπ«à“Õ“À“√∑’Ë„™â°“°‡π◊ÈÕ„π‡¡≈Á¥ª“≈å¡πÈ”¡—π

„πÕ“À“√√–¥—∫µà“ßÊ °—π „™â‡ªìπ·À≈àßæ≈—ßß“π ·≈–

‚ª√µ’π„π Ÿµ√Õ“À“√  —µ«å “¡“√∂π”‰ª„™âª√–‚¬™πå

‰¥â¥’ ·≈–‡æ’¬ßæÕµàÕ°“√¥”√ß™’æ „π∑“ßµ√ß°—π¢â“¡

∂â“ —µ«å‰¥â√—∫‰π‚µ√‡®π®“°Õ“À“√πâÕ¬ —µ«å®–‡æ‘Ë¡

°“√°—°‡°Á∫‰π‚µ√‡®π‰«â„π√à“ß°“¬ ‰π‚µ√‡®π®–∂Ÿ°¢—∫

ÕÕ°¡“∑“ß¡Ÿ≈ ·≈–ªí  “«–πâÕ¬≈ß ‡æ◊ËÕ‡ªìπ°“√√—°…“

 ¡¥ÿ≈‰π‚µ√‡®π„π√à“ß°“¬ ‡π◊ËÕß®“° —µ«å¡’°≈‰°

§«∫§ÿ¡§«“¡ ¡¥ÿ≈¢Õß‰π‚µ√‡®π„π√à“ß°“¬ ‡¡◊ËÕ‰¥â

√—∫‰π‚µ√‡®π®“°Õ“À“√„πª√‘¡“≥∑’ËµË” ‚¥¬‰µ®–≈¥

°“√¢—∫¬Ÿ‡√’¬ÕÕ°∑“ßªí  “«–∑”„Àâ¬Ÿ‡√’¬À¡ÿπ°≈—∫‡¢â“

 Ÿà°√–‡æ“–À¡—°‰¥âÕ’° (Church, 1979) ¢≥–∑’ËæπÕ¡

(2526) √“¬ß“π«à“ °√–∫◊Õ∑’Ë‰¥â√—∫‚ª√µ’π®“°Õ“À“√

µË”°«à“§«“¡µâÕß°“√¢Õß√à“ß°“¬ ‰π‚µ√‡®π∑’Ë∂Ÿ°¢—∫

ÕÕ°¡“„πª√‘¡“≥∑’Ë¡“°°«à“‰π‚µ√‡®π∑’Ë‰¥â√—∫ ∑”„Àâ

‰π‚µ√‡®π∑’Ë°—°‡°Á∫‡ªìπ≈∫‰¡à‡æ’¬ßæÕµàÕ°“√¥”√ß™’æ

 √ÿª

°“°‡π◊ÈÕ„π‡¡≈Á¥ª“≈å¡πÈ”¡—π “¡“√∂π”¡“„™â

‡ªìπ·À≈àß‚ª√µ’π ·≈–æ≈—ßß“π„πÕ“À“√¢âπ·æ– √–¥—∫

15-35% ‚¥¬‰¡à àßº≈°√–∑∫µàÕª√‘¡“≥°“√°‘π‰¥â

 —¡ª√– ‘∑∏‘Ï°“√¬àÕ¬‰¥â¢Õß‚¿™π– °√–∫«π°“√À¡—°„π

°√–‡æ“–√Ÿ‡¡π ª√–™“°√®ÿ≈‘π∑√’¬å ·≈– ¡¥ÿ≈‰π‚µ√‡®π

À√◊Õ ¡√√∂¿“æ¢Õß —µ«å¥âÕ¬≈ß ́ ÷Ëß®–‡ªìπ≈Ÿà∑“ß„π°“√

„™â«—µ∂ÿ¥‘∫Õ“À“√„π∑âÕß∂‘Ëπ°“√≈¥µâπ∑ÿπ°“√º≈‘µ ·≈–

°“√‡æ‘Ë¡º≈º≈‘µ°”‰√ Õ¬à“ß‰√°Áµ“¡ §«√¡’°“√»÷°…“

„π·æ–¢ÿπ À√◊Õ·æ–√’¥π¡„π√–¬–µà“ßÊ „π ¿“«–

°“√‡≈’È¬ß¢Õß‡°…µ√°√µàÕ‰ª

§”¢Õ∫§ÿ≥

§≥–ºŸâ«‘®—¬„§√à¢Õ¢Õ∫§ÿ≥°Õß∑ÿπÕÿ¥Àπÿπ°“√«‘®—¬

®“°‡ß‘π√“¬‰¥â¡À“«‘∑¬“≈—¬ ß¢≈“π§√‘π∑√å (√À— 

‚§√ß°“√ NAT5122020031S) ∑’Ë‰¥â π—∫ πÿπ∑ÿπ«‘®—¬

ª√–®”ªï æ.». 2551 ·≈–¢Õ¢Õ∫§ÿ≥¿“§«‘™“ —µ«»“ µ√å

·≈– ∂“π«‘®—¬æ◊™°√√¡ª“≈å¡πÈ”¡—π §≥–∑√—æ¬“°√-

∏√√¡™“µ‘ ¡À“«‘∑¬“≈—¬ ß¢≈“π§√‘π∑√å ∑’Ë‰¥â π—∫ πÿπ

 ∂“π∑’Ë Õÿª°√≥å·≈– —µ«å∑¥≈Õß √«¡∑—Èß§≥“®“√¬å

π—°»÷°…“∫—≥±‘µ»÷°…“ ·≈–∫ÿ§≈“°√∑ÿ°∑à“π ∑’Ë¡’ à«π

∑’Ë∑”„Àâß“π«‘®—¬π’È ”‡√Á®≈ÿ≈à«ß‰ª¥â«¬¥’¬‘Ëß

‡Õ° “√Õâ“ßÕ‘ß

æπÕ¡  »√’«—≤π ¡∫—µ‘. 2526. º≈¢Õß°“√‡ √‘¡„∫°√–∂‘π·≈–/
À√◊Õ„∫º—°µ∫™«“ªÉπ√à«¡°—∫ø“ßÀ¡—°¬Ÿ‡√’¬„π Ÿµ√Õ“À“√
°√–∫◊Õª≈—°µàÕ°“√¬àÕ¬‰¥â·≈–§«“¡ ¡¥ÿ≈¢Õß‰π‚µ√‡®π.
«‘∑¬“π‘æπ∏åª√‘≠≠“«‘∑¬“»“ µ√¡À“∫—≥±‘µ ¡À“«‘∑¬“≈—¬
¢Õπ·°àπ, ¢Õπ·°àπ.
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®–‡®√‘≠‰¥â¥’ ·≈–·¬àßÕ“À“√®“°·∫§∑’‡√’¬ ·≈–„™â
·∫§∑’‡√’¬‡ªìπÕ“À“√°Á®–‡æ‘Ë¡¢÷Èπ Russell (2002) √“¬ß“π
«à“ ®”π«π‚ª√‚µ´—«∑’Ë‡æ‘Ë¡¢÷Èπ∑”„Àâ·∫§∑’‡√’¬≈¥≈ß
‡π◊ËÕß®“°‚ª√‚µ´—«®—∫°‘π (enguf) ·∫§∑’‡√’¬‡ªìπÕ“À“√
‚¥¬∑—Ë«‰ª‚ª√‚µ´—« “¡“√∂„™â·∫§∑’‡√’¬‡ªìπÕ“À“√‰¥â
 Ÿß∂÷ß 40 ‡ªÕ√å‡´Áπµå¢Õß®”π«π·∫§∑’‡√’¬∑—ÈßÀ¡¥∑’Ë¡’Õ¬Ÿà
Õ¬à“ß‰√°Áµ“¡ ∂â“„π Ÿµ√Õ“À“√¡’‡¡≈Á¥∏—≠æ◊™‡ªìπÀ≈—°
‚ª√‚µ —́«®–°‘π‡¡≈Á¥·ªÑß “¡“√∂™à«¬ª√—∫√–¥—∫§«“¡
‡ªìπ°√¥‡ªìπ¥à“ß·≈–ªÑÕß°—π ¿“«–§«“¡‡ªìπ°√¥„π
°√–‡æ“–À¡—°‰¥â (Russell and Hespell, 1981; McAllister
et al., 1993)

§«“¡ ¡¥ÿ≈¢Õß‰π‚µ√‡®π ·≈–°“√„™âª√–‚¬™πå
¢Õß‰π‚µ√‡®π

º≈¢Õß°“°‡π◊ÈÕ„π‡¡≈Á¥ª“≈å¡πÈ”¡—π„π Ÿµ√Õ“À“√
¢âπ√–¥—∫µà“ßÊ µàÕ§«“¡ ¡¥ÿ≈¢Õß‰π‚µ√‡®π ·≈–
°“√„™âª√–‚¬™πå¢Õß‰π‚µ√‡®π„π·æ–∑—Èß 5  Ÿµ√ ª√“°Ø
«à“ ª√‘¡“≥°“√°‘π‰¥â¢Õß‰π‚µ√‡®π„π√Ÿª¢Õß‰π‚µ√‡®π
Õ“À“√¢âπ (N-concentrate) Õ“À“√À¬“∫ (N-roughage)
·≈–ª√‘¡“≥°“√°‘π‰¥â¢Õß‰π‚µ√‡®π∑—ÈßÀ¡¥ (Total
N intake) ¡’§«“¡·µ°µà“ß°—π (P<0.01) ‚¥¬ Ÿµ√∑’Ë 4
·≈– 5 (45 ·≈– 55% PKC) ∑’Ë¥âÕ¬°«à“°≈ÿà¡Õ◊Ëπ (P<0.01)

(Table 5) Õ“®‡π◊ËÕß¡“®“° ª√‘¡“≥°“√°‘π‰¥â∑—ÈßÀ¡¥
¢ÕßÕ“À“√¢âπ §«“¡ “¡“√∂„π°“√¬àÕ¬‰¥â ·≈–ª√‘¡“≥
°“√°‘π‰¥â¢Õß‚¿™π–‚ª√µ’π„πÕ“À“√µË”°«à“°≈ÿà¡Õ◊Ëπ
´÷Ëßª√‘¡“≥‰π‚µ√‡®π∑’Ë·æ–‰¥â√—∫¡’§«“¡ —¡æ—π∏å°—∫
ª√‘¡“≥°“√°‘π‰¥âÕ¬à“ßÕ‘ √–·≈–§«“¡ “¡“√∂„π
°“√¬àÕ¬‰¥â ∑”„Àâª√‘¡“≥‰π‚µ√‡®π∑’Ë¬àÕ¬‰¥â¢Õß°≈ÿà¡
Õ◊ËπÊ  Ÿß°«à“ Ÿµ√∑’Ë 4 ·≈– 5

ª√‘¡“≥°“√¢—∫‰π‚µ√‡®π (N excretion) æ∫«à“
ª√‘¡“≥°“√¢—∫‰π‚µ√‡®π∑“ßªí  “«– (Urinary N) ‰¡à¡’
§«“¡·µ°µà“ß°—π (P>0.05) ¢≥–∑’Ë ª√‘¡“≥°“√¢—∫
‰π‚µ√‡®π„π¡Ÿ≈ (Fecal N) ¡’§«“¡·µ°µà“ß°—π (P<0.01)
‚¥¬¡’°“√µÕ∫ πÕß„π≈—°…≥–√Ÿª·∫∫‡ªìπ‡ âπµ√ß
(L, P=0.001) µ“¡√–¥—∫°“°‡π◊ÈÕ„π‡¡≈Á¥ª“≈å¡πÈ”¡—π
∑’Ë‡æ‘Ë¡¢÷Èπ„π Ÿµ√Õ“À“√ ‚¥¬°≈ÿà¡∑’Ë 4 ·≈– 5 (45 ·≈–
55% PKC) ¡’ª√‘¡“≥°“√¢—∫‰π‚µ√‡®π„π¡Ÿ≈ Ÿß°«à“
°≈ÿà¡Õ◊Ëπ (P<0.01) ¢≥–∑’Ë °≈ÿà¡Õ◊ËπÊ ‰¡à¡’§«“¡·µ°µà“ß
°—π (P>0.05) Õ“®‡π◊ËÕß®“°¡’ —¥ à«π¢Õß‚ª√µ’π∑’Ë
‰¡à∂Ÿ°¬àÕ¬ (indigestible protein) Õ¬Ÿà Ÿß ·≈–¡’§«“¡
 —¡æ—π∏å°—∫‚ª√µ’π∑’Ë‰¡à∂Ÿ°¬àÕ¬ ≈“¬„π°√–‡æ“–√Ÿ‡¡π
(rumen undegradable protein, RUP) (Tamminga, 1996)
´÷Ëßª√‘¡“≥°“√¢—∫‰π‚µ√‡®π„π¡Ÿ≈∑’ËµË”®–™à«¬‡æ‘Ë¡

°“√°—°‡°Á∫‰π‚µ√‡®π„π√à“ß°“¬
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®”π«π·∫§∑’‡√’¬ ‚ª√‚µ´—«·≈–‡™◊ÈÕ√“‚¥¬«‘∏’°“√
π—∫µ√ß

°“√»÷°…“ª√–™“°√®ÿ≈‘π∑√’¬å„π°√–‡æ“–√Ÿ‡¡π
‡æ◊ËÕ„Àâ∑√“∫∂÷ßµ√–°Ÿ≈ (genus) ™π‘¥ (species) ·≈–
™’«¡«≈ (biomass) ‡ªìπÕ’°«‘∏’°“√∑’Ë™à«¬„Àâ “¡“√∂
π”¢âÕ¡Ÿ≈¡“ª√—∫°≈¬ÿ∑∏å„π°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ
„π°√–‡æ“–√Ÿ‡¡π ‡æ√“–°√–∫«π°“√À¡—° à«π„À≠à
„π —µ«å‡§’È¬«‡Õ◊ÈÕß‡°‘¥®“°°‘®°√√¡¢Õß®ÿ≈‘π∑√’¬å„π
°√–‡æ“–√Ÿ‡¡π‡ªìπÀ≈—° ®“°°“√µ√«®π—∫ª√‘¡“≥
·∫§∑’‡√’¬ (bacteria) ‚ª√‚µ´—« (protozoa) ·≈–‡™◊ÈÕ√“
(fungal zoospores) ‚¥¬«‘∏’°“√π—∫µ√ß (total direct count)
(Galyean, 1989) ®”π«πª√–™“°√¢Õß·∫§∑’‡√’¬·≈–‡™◊ÈÕ√“
„π°√–‡æ“–√Ÿ‡¡π¢Õß·æ– æ∫«à“‰¡à¡’§«“¡·µ°µà“ß°—π
(P>0.05) ·≈–¡’§à“‡©≈’Ë¬√–À«à“ß 1.49-1.88 x1010 ·≈–
1.52-2.32 x106 cell/ ml µ“¡≈”¥—∫ „°≈â‡§’¬ß°—∫√“¬ß“π
¢Õß Chanjula et al. (2007a) ·≈– Chanjula et al. (2007b)
√“¬ß“π«à“ ª√–™“°√¢Õß·∫§∑’‡√’¬ ·≈–‡™◊ÈÕ√“¢Õß
·æ–≈Ÿ°º ¡æ◊Èπ‡¡◊Õß‰∑¬‡æ»ºŸâ (æ◊Èπ‡¡◊Õß-·Õß‚°≈πŸ
‡∫’¬π 50 ‡ªÕ√å‡´Áπµå) ¡’§à“‡©≈’Ë¬Õ¬Ÿà„π™à«ß 1.40-1.90
x1010 ·≈– 1.15-2.89 x106 cell/ ml µ“¡≈”¥—∫ ´÷Ëß
 Õ¥§≈âÕß°—∫ Bryant and Robinson (1961); Hungate
(1966) √“¬ß“π«à“ª√–™“°√¢Õß·∫§∑’‡√’¬ ·≈–‡™◊ÈÕ√“
„π°√–‡æ“–√Ÿ‡¡π ¡’§à“Õ¬Ÿà„π™à«ß 1010-1012 ·≈– 104-106

cell/ ml µ“¡≈”¥—∫ · ¥ß„Àâ‡ÀÁπ«à“ Õ“À“√∑’Ë¡’√–¥—∫
°“°‡π◊ÈÕ„π‡¡≈Á¥ª“≈å¡πÈ”¡—π„π Ÿµ√Õ“À“√¢âπ ‰¡à¡’º≈
µàÕ°√–∫«π°“√À¡—° ·≈–π‘‡«»«‘∑¬“„π°√–‡æ“–√Ÿ‡¡π
¢Õß·æ– À√◊Õ ¡√√∂¿“æ¢Õß —µ«å¥âÕ¬≈ß ·¡â«à“¡’·π«‚πâ¡
ª√–™“°√·∫§∑’‡√’¬ ·≈–‡™◊ÈÕ√“≈¥≈ß„π°≈ÿà¡∑’Ë‰¥â√—∫
°“°‡π◊ÈÕ„π‡¡≈Á¥ª“≈å¡πÈ”¡—π„π Ÿµ√Õ“À“√¢âπ¡“°°«à“
45% PKC ∑—Èßπ’ÈÕ“®‡π◊ËÕß®“°°“√‡ªìπæ‘…¢Õß°√¥‰¢¡—π
„ππÈ”¡—π¢Õß°“°‡π◊ÈÕ„π‡¡≈Á¥ª“≈å¡πÈ”¡—π Galbraith and
Miller (1973) √“¬ß“π«à“°√¥‰¢¡—π “¬¬“«¡’§«“¡
‡ªìπæ‘…µàÕ‡´≈≈å®ÿ≈‘π∑√’¬å¡“°°«à“°√¥‰¢¡—π “¬ —Èπ
Õ¬à“ß‰√°Áµ“¡ ª√–™“°√¢Õß®ÿ≈‘π∑√’¬å„π°√–‡æ“–√Ÿ
‡¡π¢Õß —µ«å¢÷ÈπÕ¬Ÿà°—∫ªí®®—¬À≈“¬ª√–°“√ ‡™àπ ™π‘¥
¢ÕßÕ“À“√·≈–™π‘¥ —µ«å Õ“¬ÿ —µ«å §«“¡‡ªìπ°√¥-¥à“ß
 —¥ à«π¢ÕßÕ“À“√¢âπµàÕÕ“À“√À¬“∫ æ∫«à“Õ“À“√∑’Ë
¡’‡¬◊ËÕ„¬ Ÿß∑”„Àâ¡’·∫§∑’‡√’¬°≈ÿà¡ cellulolytic bacteria

 Ÿß°«à“Õ“À“√∑’Ë¡’‡¬◊ËÕ„¬µË” πÕ°®“°π’È√–¥—∫¢Õß NH
3
-N

À√◊Õª√– ‘∑∏‘¿“æ°“√¬àÕ¬‰¥â ‚¥¬Õ“À“√∑’Ë¡’°“√¬àÕ¬‰¥â
 Ÿß ·≈–Õ“À“√∑’Ë¡’º≈∑”„Àâ¡’°“√‡æ‘Ë¡¢÷Èπ¢Õß√–¥—∫¢Õß
NH

3
-N  „π°√–‡æ“–√Ÿ‡¡π‡æ‘Ë¡¢÷Èπ ∑”„Àâ®”π«π·∫§∑’‡√’¬

‡æ‘Ë¡¢÷Èπ (Wallace, 1979; Song and Kennelly, 1990)
ª√–™“°√‚ª√‚µ´—«∑—ÈßÀ¡¥‰¡à¡’§«“¡·µ°µà“ß°—π

(P>0.05) ‚¥¬¡’§à“Õ¬Ÿà„π™à«ß 2.41-3.02x106 cell/ ml
·µà¡’·π«‚πâ¡§àÕπ¢â“ßµË” (L, P= 0.09, 0.10 ·≈– 0.06
µ“¡≈”¥—∫) „π°≈ÿà¡∑’Ë‰¥â√—∫°“°‡π◊ÈÕ„π‡¡≈Á¥ª“≈å¡πÈ”¡—π
„π Ÿµ√Õ“À“√¢âπ¡“°°«à“ 45% PKC ∑—Èßπ’ÈÕ“®‡π◊ËÕß®“°
√–¥—∫‰¢¡—π∑’Ë‡æ‘Ë¡ Ÿß¢÷Èπ·≈–°“√‡ªìπæ‘…¢Õß°√¥‰¢¡—π
„ππÈ”¡—π„π°“°‡π◊ÈÕ„π‡¡≈Á¥ª“≈å¡πÈ”¡—π Galbraith and
Miller (1973) √“¬ß“π«à“°√¥‰¢¡—π “¬¬“«¡’§«“¡
‡ªìπæ‘…µàÕ‡´≈≈å®ÿ≈‘π∑√’¬å¡“°°«à“°√¥‰¢¡—π “¬ —Èπ
 Õ¥§≈âÕß°—∫ Abdullah and Hutagalung (1988); Abdullah
et al. (1995) √“¬ß“π«à“‚§·≈–·°–∑’Ë‰¥â√—∫ PKC ‡ªìπ
Õ“À“√À≈—° æ∫«à“ª√–™“°√‚ª√‚µ´—«¡’·π«‚πâ¡≈¥≈ß
‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡Õ◊ËπÊ ·µà‡Àµÿº≈¬—ß‰¡à™—¥‡®π
Õ“®¡’∫“ßªí®®—¬„πÕ“À“√∑”„Àâ≈¥ À√◊Õ°”®—¥ª√–™“°√
‚ª√‚µ —́«„π°√–‡æ“–√Ÿ‡¡π ∑”πÕß‡¥’¬«°—∫ ‡¡◊ËÕæ‘®“√≥“
°≈ÿà¡ª√–™“°√‚ª√‚µ —́«‚¥¬·∫àßÕÕ°‡ªìπ°≈ÿà¡ (Holotrich
sp. ·≈– Entodiniomorphs sp.) æ∫«à“‰¡à¡’§«“¡·µ°µà“ß
°—π (P>0.05) ·µà¡’·π«‚πâ¡ª√–™“°√‚ª√‚µ´—«≈¥≈ß
µ“¡√–¥—∫°“°‡π◊ÈÕ„π‡¡≈Á¥ª“≈å¡πÈ”¡—π∑’Ë‡æ‘Ë¡¢÷Èπ„π
 Ÿµ√Õ“À“√  Õ¥§≈âÕß°—∫√“¬ß“π¢Õß Abdullah et al.
(1995) æ∫«à“„π·°–∑’Ë‰¥â√—∫ PKC ‡ªìπÕ“À“√À≈—°
(PKC-based diet) ¡’ª√–™“°√°≈ÿà¡ Entodiniomorphs sp.
¡“°°«à“ Holotrich sp. ‚¥¬∑—Ë«‰ª°≈ÿà¡ Entodiniomorphs
sp. ¡’ª√–™“°√¡“°°«à“°≈ÿà¡ Holotrich sp. (Russell,
2002) ´÷Ëß®”π«π‚ª√‚µ´—«¡’§«“¡·ª√ª√«π¢÷ÈπÕ¬Ÿà°—∫
™π‘¥¢ÕßÕ“À“√·≈–π‘‡«»πå«‘∑¬“„π°√–‡æ“–À¡—°
‚¥¬‡©æ“–·À≈àß¢Õß NSC „πÕ“À“√ ́ ÷Ëß Russell (2002)
√“¬ß“π«à“ Holotrich sp. ™Õ∫„™â soluble carbohydrate
¢≥–∑’Ë°≈ÿà¡ Entodiniomorphs sp. ¡’§«“¡ —¡æ—π∏å„°≈â™‘¥
°—∫ feed particle ·≈–™Õ∫„™â·ªÑß (starch) ¡“°°«à“
ª√–™“°√‚ª√‚µ´—«∑’Ë≈¥≈ß¡’º≈¥’∑”„Àâª√–™“°√·∫§∑’‡√’¬
‡æ‘Ë¡ Ÿß¢÷Èπ ∑”„Àâ¡’°“√ —ß‡§√“–Àå®ÿ≈‘π∑√’¬å‡æ‘Ë¡¢÷Èπ ‚¥¬
ª°µ‘¿“¬„µâ ¿“«–·«¥≈âÕ¡∑’Ë‡À¡“– ¡‚ª√‚µ´—«
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¢Õß°√¥‚æ√æ‘ÕÕπ‘§„π°√–‡æ“–√Ÿ‡¡π Ÿß¢÷Èπ (Nocek and

Russel, 1988) ´÷Ëß§«“¡‡¢â¡¢âπ¢Õß°√¥‰¢¡—π∑’Ë√–‡À¬

‰¥â∑—ÈßÀ¡¥‡æ‘Ë¡¢÷Èπ„πÕ“À“√∑’Ë¡’æ≈—ßß“π Ÿß ‡π◊ËÕß¡“®“°

¡’§“√å‚∫‰Œ‡¥√µ∑’Ë¬àÕ¬ ≈“¬‰¥âßà“¬ Ÿß Õ¬à“ß‰√°Áµ“¡

§«“¡‡¢â¡¢âπ¢Õß°√¥‰¢¡—π∑’Ë√–‡À¬‰¥â ·≈– —¥ à«π¢Õß

°√¥‰¢¡—π∑’Ë√–‡À¬‰¥â¢÷ÈπÕ¬Ÿà°—∫À≈“¬ªí®®—¬ ‡™àπ  —¥ à«π

¢Õß§“√å‚∫‰Œ‡¥√µ·≈–‚ª√µ’π °“√¥Ÿ¥ ÷́¡¢Õß°√¥‰¢¡—π

∑’Ë√–‡À¬‰¥âºà“πºπ—ß°√–‡æ“–√Ÿ‡¡π Õ—µ√“°“√‰À≈ºà“π

(ruminal passage rate) ¢Õß¢Õß‡À≈«‰ª¬—ß°√–‡æ“–

Õ–‚∫¡“´—¡ (abomasum) (Löpez et al., 2003) ¡“°°«à“

π—Èπ ¬—ß¢÷Èπ°—∫§«“¡‡¢â¡¢âπ —¥ à«π¢Õß°√¥Õ‘π∑√’¬å

(organic acid) ∑—ÈßÀ¡¥„π°√–‡æ“–√Ÿ‡¡π´÷Ëß¢÷ÈπÕ¬Ÿà°—∫

™π‘¥¢Õß§“√å‚∫‰Œ‡¥√µ ·≈–ª√‘¡“≥∑’Ë —µ«å°‘π (Heldt

et al., 1999)  —¥ à«πÕ“À“√¢âπ·≈–Õ“À“√À¬“∫ (Sarwar

et al., 1992) ·≈– Sutton et al. (1993) √“¬ß“π«à“

ª√‘¡“≥·ªÑß∑’Ë¬àÕ¬ ≈“¬‰¥âßà“¬‡æ‘Ë¡¢÷Èπ„πÕ“À“√¢âπ

¡’º≈∑”„Àâ√–¥—∫§«“¡‡¢â¡¢âπ¢Õß°√¥‚æ√æ‘ÕÕπ‘§

„π°√–‡æ“–√Ÿ‡¡π Ÿß¢÷Èπ ¢≥–∑’Ë √–¥—∫§«“¡‡¢â¡¢âπ

¢Õß°√¥Õ– ’́µ‘§≈¥≈ß  à«π°√¥‰¢¡—πÕ◊ËπÊ (isobutyrate,

isovalerate and valerate) æ∫«à“¡’§«“¡·µ°µà“ß°—π

(P<0.05) ·≈–¡’·π«‚πâ¡‡æ‘Ë¡¢÷Èπµ“¡√–¥—∫°“°‡π◊ÈÕ„π

‡¡≈Á¥ª“≈å¡πÈ”¡—π∑’Ë‡æ‘Ë¡¢÷Èπ Õ“®‡π◊ËÕß®“° °“√≈¥≈ß

¢Õß·Õ¡‚¡‡π’¬-‰π‚µ√‡®π (NH
3
-N) ¿“¬„π°√–‡æ“–

√Ÿ‡¡π ·≈– —¡æ—π∏å°—∫Õ—µ√“°“√À¡—°À√◊Õ°“√¬àÕ¬‰¥â

∑’Ë Ÿß ‡æ√“–°√–∫«π°“√À¡—°∑’Ë Ÿß·≈–‡√Á«‡ªìπ·À≈àß

§“√å‚∫‰Œ‡¥√µ∑’Ë¬àÕ¬ ≈“¬‰¥âßà“¬ ”À√—∫°“√‡®√‘≠

¢Õß®ÿ≈‘π∑√’¬å ·≈–‡æ‘Ë¡ª√– ‘∑∏‘¿“æ°“√„™âª√–‚¬™πå

NH
3
-N „π°“√ —ß‡§√“–Àå®ÿ≈‘π∑√’¬å‚ª√µ’π °“√¬àÕ¬‡¬◊ËÕ„¬

·≈–°√¥‰¢¡—π°≈ÿà¡ branched chain volatile fatty acids

(BCVFA)  “¡“√∂‡°‘¥¢÷Èπ (Russell and Sniffen, 1984;

Nocek and Russel, 1988)

‡¡◊ËÕæ‘®“√≥“‡ª√’¬∫‡∑’¬∫§à“ —¥ à«π§«“¡‡¢â¡¢âπ

¢Õß°√¥‰¢¡—π∑’Ë√–‡À¬‰¥â (C
2
:C

3
 ratio) µ“¡™à«ß‡«≈“ 0

·≈– 4 ™—Ë«‚¡ßÀ≈—ß°“√„ÀâÕ“À“√·≈–§à“‡©≈’Ë¬√«¡

æ∫«à“‰¡à¡’§«“¡·µ°µà“ß°—π (P>0.05) „π·µà≈–°≈ÿà¡∑’Ë

‰¥â√—∫ Ÿµ√Õ“À“√ ·µà°≈ÿà¡∑’Ë‰¥â√—∫°“°‡π◊ÈÕ„π‡¡≈Á¥ª“≈å¡

πÈ”¡—π„π Ÿµ√Õ“À“√¢âπ (°≈ÿà¡∑’Ë 1-4) ¡’·π«‚πâ¡ —¥ à«π

§«“¡‡¢â¡¢âπ¢Õß C
2
:C

3
 µË”°«à“°≈ÿà¡∑’Ë 5 ´÷Ëß Van Soest

(1994) °≈à“««à“  —¥ à«π C
2
:C

3
 ∑’ËµË”°«à“®–™à«¬‡æ‘Ë¡

°“√°—°‡°Á∫æ≈—ßß“π ‡æ√“–°“√º≈‘µ C
3
 „Àâª√– ‘∑∏‘¿“æ

¢Õßæ≈—ßß“π Ÿß°«à“ ·≈–„π∑“ß∑ƒ…Æ’ “¡“√∂≈¥

°“√º≈‘µ·°ä ‡¡∑‡∏π ®“°°“√√’¥‘«´å§“√å∫Õπ‰¥ÕÕ°‰´¥å

(CO
2
) ¥â«¬‰Œ‚¥√‡®π (H) ∑’Ë‡°‘¥®“°°√–∫«π°“√

 —ß‡§√“–Àå°√¥∑—Èß Õß (H
2
+CO

2
 = CH

4
) (Preston and

Leng, 1987) ·µà ”À√—∫°“√ —ß‡§√“–Àå°√¥‚æ√æ‘ÕÕπ‘§

®–‰¡à¡’·°ä ‡¡∑‡∏π‡°‘¥¢÷Èπ ¥—ßπ—Èπ ∂â“¡’°“√ —ß‡§√“–Àå

°√¥‚æ√æ‘‚Õπ‘§¡“°°Á®–¡’·°ä ‡¡∑‡∏π‡°‘¥¢÷ÈππâÕ¬

„π∑“ßµ√ß°—π¢â“¡ ∂â“¡’°“√ —ß‡§√“–Àå°√¥Õ– ‘́µ‘§·≈–

°√¥∫‘«∑’√‘§¡“°°«à“°Á®–¡’·°ä ‡¡∑-‡∏π‡°‘¥¢÷Èπ¡“°

´÷Ëß‡ªìπ°“√ Ÿ≠‡ ’¬æ≈—ßß“π∑“ßÀπ÷ËßπÕ°‡Àπ◊Õ®“°

§«“¡√âÕπ∑’Ë‡°‘¥¢÷Èπ®“°°√–∫«π°“√À¡—° (‡¡∏“, 2533;

Preston and Leng, 1987; Van Soest, 1994) ®“°º≈

°“√∑¥≈Õß§√—Èßπ’È §«“¡‡¢â¡¢âπ¢Õß°√¥‰¢¡—π∑’Ë√–‡À¬

‰¥âßà“¬∑—ÈßÀ¡¥‡©≈’Ë¬¢Õß¢Õß‡À≈«„π°√–‡æ“–√Ÿ‡¡πÕ¬Ÿà

„π™à«ß 70.73-77.35 mmol/L „°≈â‡§’¬ß°—∫√“¬ß“π¢Õß

Chanjula et al. (2007a) ·≈– Chanjula et al. (2007b)

√“¬ß“π«à“ §à“ TVFA ¢Õß·æ–≈Ÿ°º ¡æ◊Èπ‡¡◊Õß‰∑¬

‡æ»ºŸâ (æ◊Èπ‡¡◊Õß-·Õß‚°≈πŸ‡∫’¬π 50 ‡ªÕ√å‡´Áπµå)

¡’§à“‡©≈’Ë¬Õ¬Ÿà„π™à«ß 75.00-79.20 ·≈– 80.87-86.57%

µ“¡≈”¥—∫ ´÷Ëß France and Siddons (1993) √“¬ß“π«à“

§à“§«“¡‡¢â¡¢âπ¢Õß°√¥‰¢¡—π∑’Ë√–‡À¬‰¥â∑—ÈßÀ¡¥„π

°√–‡æ“–√Ÿ‡¡πª°µ‘¡’§à“√–À«à“ß 70-130 mmol/L ´÷Ëß¡’

§«“¡ —¡æ—π∏å°—∫ª√‘¡“≥°“√°‘π‰¥â ·≈– —¡ª√– ‘∑∏‘Ï

°“√¬àÕ¬‰¥â¢ÕßÕ‘π∑√’¬«—µ∂ÿ∑’Ë‰¥â (Forbes and France,

1993)  Õ¥§≈âÕß°—∫ Sutton (1985) √“¬ß“π«à“ °“√º≈‘µ

°√¥‰¢¡—π∑’Ë√–‡À¬‰¥â∑—ÈßÀ¡¥ ¡’§«“¡ —¡æ—π∏å‚¥¬µ√ß

°—∫§«“¡ “¡“√∂„π°“√¬àÕ¬‰¥â¢ÕßÕ‘π∑√’¬«—µ∂ÿ ‚¥¬

∂â“À“°§«“¡ “¡“√∂„π°“√¬àÕ¬‰¥â¢ÕßÕ‘π∑√’¬«—µ∂ÿ

‡æ‘Ë¡¢÷Èπ ®–¡’º≈∑”„Àâ°“√º≈‘µ°√¥‰¢¡—π∑’Ë√–‡À¬‰¥â

‡æ‘Ë¡¢÷Èπ¥â«¬‡™àπ°—π
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°√–∫«π°“√À¡—°„π°√–‡æ“–√Ÿ‡¡π·≈–§«“¡‡¢â¡¢âπ
¢Õß°√¥‰¢¡—π∑’Ë√–‡À¬‰¥â

º≈¢Õß√–¥—∫°“°‡π◊ÈÕ„π‡¡≈Á¥ª“≈å¡πÈ”¡—π„π Ÿµ√

Õ“À“√·æ–µàÕ§à“§«“¡‡ªìπ°√¥-¥à“ß (pH) (6.22-6.53)

·≈–·Õ¡‚¡‡π’¬-‰π‚µ√‡®π (NH
3
-N) (14.14-16.71 mg/dL)

(Table 3) æ∫«à“‰¡à¡’§«“¡·µ°µà“ß°—π (P>0.05)

·æ–∑’Ë‰¥â√—∫ Ÿµ√Õ“À“√∑¥≈Õß ‚¥¬¡’§à“‡©≈’Ë¬√«¡

§àÕπ¢â“ß§ß∑’Ë ´÷Ëß‡ªìπ√–¥—∫∑’Ëª°µ‘·≈–‡À¡“– ¡µàÕ

°“√∑”ß“π¢Õß®ÿ≈‘π∑√’¬å„π°√–‡æ“–√Ÿ‡¡π (Ferguson

et al., 1993; Van Soest, 1994)

º≈¢Õß√–¥—∫°“°‡π◊ÈÕ„π‡¡≈Á¥ª“≈å¡πÈ”¡—π„π Ÿµ√

Õ“À“√¢âπµàÕ§«“¡‡¢â¡¢âπ¢Õß°√¥‰¢¡—π∑’Ë√–‡À¬‰¥â

∑—ÈßÀ¡¥ (total volatile fatty acids, TVFAs) √«¡∑—Èß√–¥—∫

§«“¡‡¢â¡¢âπ¢Õß°√¥Õ–´’µ‘§ (acetic acid, C
2
) ·≈–

°√¥‚æ√æ‘ÕÕπ‘§ (propionic acid, C
3
) „π·µà≈–™à«ß‡«≈“

0 ·≈– 4 ™—Ë«‚¡ßÀ≈—ß°“√„ÀâÕ“À“√·≈–§à“‡©≈’Ë¬√«¡

(Table 3) æ∫«à“∑ÿ°§à“‰¡à¡’§«“¡·µ°µà“ß°—π (P>0.05)

·µà TVFAs ∑’Ë‡«≈“ 4 ™—Ë«‚¡ßÀ≈—ß°“√„ÀâÕ“À“√ ·≈–

§à“‡©≈’Ë¬√«¡ ·≈–·≈–°√¥∫‘«∑’√‘§ (butyric acid, C
4
)

∑’Ë‡«≈“ 0 ™—Ë«‚¡ßÀ≈—ß°“√„ÀâÕ“À“√ ¡’§à“§«“¡‡¢â¡¢âπ

¢Õß°√¥‰¢¡—π√–‡À¬‰¥â∑—ÈßÀ¡¥µË”°«à“°≈ÿà¡Õ◊ËπÕ¬à“ß

¡’π—¬ ”§—≠¬‘Ëß (P<0.01) ‚¥¬ Ÿµ√∑’Ë 4 ·≈– 5 (45 ·≈–

55% PKC) ¡’§à“µË”°«à“°≈ÿà¡Õ◊ËπÕ¬à“ß¡’π—¬ ”§—≠¬‘Ëß

(P<0.01) ·≈–¡’·π«‚πâ¡≈¥≈ß„π√Ÿª·∫∫‡ âπµ√ß (L, P=

0.02 ·≈– 0.01 µ“¡≈”¥—∫) µ“¡√–¥—∫°“°‡π◊ÈÕ„π

‡¡≈Á¥ª“≈å¡πÈ”¡—π∑’Ë‡æ‘Ë¡¢÷Èπ Õ“®‡π◊ËÕß¡“®“° ª√‘¡“≥

Õ‘π∑√’¬å«—µ∂ÿ·≈–‚ª√µ’π∑’Ë°‘π ·≈– —¡ª√– ‘∑∏‘Ï°“√¬àÕ¬

‰¥â¢ÕßÕ“À“√ (Õ‘π∑√’¬å«—µ∂ÿ·≈–‚ª√µ’π) (Table 2) ·≈–

Õß§åª√–°Õ∫∑“ß‡§¡’¢ÕßÕ“À“√∑’Ë —µ«å‰¥â√—∫·µ°µà“ß°—π

(Table 1) ‡æ√“–§«“¡‡¢â¡¢âπ¢Õß°√¥‰¢¡—π√–‡À¬

‰¥â∑—ÈßÀ¡¥‡æ‘Ë¡¢÷Èπ„π —µ«å∑’Ë¡’ª√‘¡“≥°“√°‘π‰¥â¢Õß

Õ‘π∑√’¬å«—µ∂ÿ ª√‘¡“≥°“√°‘π‰¥â¢Õß‚¿™π–∑’Ë¬àÕ¬‰¥â

¢ÕßÕ‘π∑√’¬å«—µ∂ÿ ·≈–Õ“À“√∑’Ë¡’§“√å‚∫‰Œ‡¥√µ∑’Ë‰¡à„™à

‚§√ß √â“ß Ÿß (Van Soest, 1994) πÕ°®“°π’È Õ“À“√∑’Ë¡’

§“√å‚∫‰Œ‡¥√µ∑’Ë¬àÕ¬ ≈“¬‰¥âßà“¬ (soluble carbohydrate)

 Ÿß ·≈–¡’ —¡ª√– ‘∑∏‘Ï°“√¬àÕ¬‰¥â Ÿß®–‡æ‘Ë¡ —¥ à«π
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1) ‰¢¡—π‡¢â“‰ªÀÿâ¡ À√◊Õ‡§≈◊Õ∫º‘«¢Õß‡¬◊ËÕ„¬∑”„Àâ
®ÿ≈‘π∑√’¬å‡¢â“¬àÕ¬‰¥â¬“° À√◊Õ‰¡à “¡“√∂‡¢â“¬àÕ¬
‡¬◊ËÕ„¬‰¥â 2) ‰¢¡—πÕ“®‡ªìπæ‘…µàÕ®ÿ≈‘π∑√’¬å∫“ß™π‘¥
‡ªìπº≈∑”„Àâª√–™“°√®ÿ≈‘π∑√’¬å™π‘¥π—Èπ≈¥≈ß‡°‘¥
°“√‡ª≈’Ë¬π·ª≈ß®”π«πª√–™“°√®ÿ≈‘π∑√’¬å„π°√–‡æ“–
√Ÿ‡¡π 3) °√¥‰¢¡—πÕ“®‰ª¡’º≈µàÕºπ—ß‡´≈≈å (cell
membrane) ¢Õß®ÿ≈‘π∑√’¬å∑”„Àâ°“√∑”ß“π≈¥≈ß ·≈–
4) °√¥‰¢¡—π “¬¬“«Õ“®‰ª∑”ªØ‘°‘√‘¬“°—∫ cation ‡°‘¥
‡ªìπ insoluble complex ´÷Ëß¡’º≈‚¥¬µ√ßµàÕ®”π«π

cation ∑’Ë®ÿ≈‘π∑√’¬åπ”‰ª„™âª√–‚¬™πå À√◊Õ¡’º≈∑“ßÕâÕ¡
µàÕ§à“§«“¡‡ªìπ°√¥-¥à“ß„π°√–‡æ“–√Ÿ‡¡π∑”„Àâ°“√¬àÕ¬
‰¥â≈¥≈ß °“√‡ √‘¡‰¢¡—π„πÕ“À“√πÕ°®“°¬—∫¬—Èß
°√–∫«π°“√À¡—°„π°√–‡æ“–√Ÿ‡¡π ¬—ß≈¥°√–∫«π°“√
À¡—°„π∑“ß‡¥‘πÕ“À“√ à«π≈à“ß (hindgut) ∑”„Àâ≈¥§«“¡
 “¡“√∂„π°“√¬àÕ¬‰¥â„π√–∫∫∑“ß‡¥‘πÕ“À“√∑—ÈßÀ¡¥
(Boggs et al., 1987) ·µà‡æ‘Ë¡°“√¢—∫‡¬◊ËÕ„¬„π¡Ÿ≈∫àÕ¬

¡“°¢÷Èπ (Palmquist and Jenkins, 1980)

3/

.
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º≈°“√»÷°…“·≈–«‘®“√≥å

 à«πª√–°Õ∫∑“ß‡§¡’¢ÕßÕ“À“√∑¥≈Õß
º≈°“√«‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß‡§¡’¢Õß Ÿµ√

Õ“À“√¢âπ∑’Ë„™â„π°“√∑¥≈Õß (Table 1) æ∫«à“¡’§à“‡©≈’Ë¬
¢Õß«—µ∂ÿ·Àâß ‡∂â“√«¡ Õ‘π∑√’¬«—µ∂ÿ ·≈–‚ª√µ’π√«¡
„°≈â‡§’¬ß°—π ‚¥¬¡’‚ª√µ’π√«¡Õ¬Ÿà„π™à«ß 15.48-15.89%
(2.47-2.54% N) ¢≥–∑’Ë ‰¢¡—π√«¡ Õ¬Ÿà„π™à«ß 3.22-7.80%
‡¬◊ËÕ„¬√«¡Õ¬Ÿà„π™à«ß 8.77-16.11% ºπ—ß‡´≈≈åÕ¬Ÿà„π™à«ß
31.79-51.19% ‡´≈≈å¬Ÿ‚≈≈‘°π‘π ·≈–≈‘°π‘πÕ¬Ÿà„π™à«ß
13.29-32.72 ·≈– 4.72-11.05% µ“¡≈”¥—∫ ¡’§à“·µ°µà“ß
°—π ‚¥¬¡’§à“‡æ‘Ë¡¢÷Èπµ“¡√–¥—∫°“°‡π◊ÈÕ„π‡¡≈Á¥ª“≈å¡
πÈ”¡—π∑’Ë‡æ‘Ë¡¢÷Èπ„π Ÿµ√Õ“À“√ ´÷Ëß§«“¡·µ°µà“ß¢Õß
Õß§åª√–°Õ∫ “√‡¬◊ËÕ„¬  Õ“®‡π◊ËÕß¡“®“°§«“¡·µ°µà“ß
¢Õß«—µ∂ÿ¥‘∫Õ“À“√ —µ«å∑’Ë„™â‡ªìπ à«πª√–°Õ∫„π Ÿµ√
Õ“À“√ ‚¥¬‡©æ“–°“°‡π◊ÈÕ„π‡¡≈Á¥ª“≈å¡πÈ”¡—π∑’Ë„™â
„π°“√∑¥≈Õß§√—Èßπ’È¡’Õß§åª√–°Õ∫ “√‡¬◊ËÕ„¬√«¡§àÕπ
¢â“ß Ÿß¡“°°«à“ 15%  Ÿß°«à“√“¬ß“π¢Õß «‘π—¬·≈–§≥–
(2528); McDonald et al. (1988) ∑—Èßπ’È à«πª√–°Õ∫∑“ß
‚¿™π–¢Õß°“°‡π◊ÈÕ‡¡≈Á¥„πª“≈å¡πÈ”¡—π¢÷ÈπÕ¬Ÿà°—∫À≈“¬
ªí®®—¬ ‰¥â·°à ™π‘¥ ·≈–æ—π∏ÿå¢Õßª“≈å¡πÈ”¡—π §«“¡
Õÿ¥¡ ¡∫Ÿ√≥å¢Õß¥‘π °“√®—¥°“√ ·≈–°√√¡«‘∏’„π°“√
 °—¥‰¢¡—π ´÷Ëß°“°‡π◊ÈÕ„π‡¡≈Á¥ª“≈å¡πÈ”¡—π„πª√–‡∑»
‰∑¬ à«π„À≠à‰¥â¡“®“°°√–∫«π°“√ °—¥‰¢¡—π·∫∫
«‘∏’°≈ ¬—ß‰¡à “¡“√∂·¬°°–≈“·≈–‡ª≈◊Õ°πÕ°¢Õß
º≈ª“≈å¡ÕÕ°‰¥âÀ¡¥ °“°‡π◊ÈÕ„π‡¡≈Á¥ª“≈å¡∑’Ëº≈‘µ‰¥â
®÷ß¡’°–≈“ªπÕ¬Ÿà∑”„Àâ‡¬◊ËÕ„¬√«¡‡æ‘Ë¡¢÷Èπ

ª√‘¡“≥°“√°‘π‰¥â ·≈–§«“¡ “¡“√∂„π°“√¬àÕ¬
‰¥â¢Õß‚¿™π–

®“°°“√»÷°…“°“√„™âª√–‚¬™πå¢Õß°“°‡π◊ÈÕ„π
‡¡≈Á¥ª“≈å¡πÈ”¡—π„π Ÿµ√Õ“À“√¢âπ ∑’Ë¡’√–¥—∫°“°‡π◊ÈÕ
„π‡¡≈Á¥ª“≈å¡πÈ”¡—π 15, 25, 35, 45 ·≈– 55%
µ“¡≈”¥—∫ „π·æ–µàÕª√‘¡“≥°“√°‘π‰¥â∑—ÈßÀ¡¥‡©≈’Ë¬
(°°./«—π) ¢Õß∑ÿ°°≈ÿà¡ æ∫«à“‰¡à¡’§«“¡·µ°µà“ß°—π
(P>0.05) (Table 2) ∑”πÕß‡¥’¬«°—∫ª√‘¡“≥Õ‘π∑√’¬å«—µ∂ÿ
·≈–‚ª√µ’π∑’Ë°‘π æ∫«à“¡’§à“„°≈â‡§’¬ß°—π ¬°‡«âπ Ÿµ√∑’Ë
5 ¡’ª√‘¡“≥Õ‘π∑√’¬å«—µ∂ÿ·≈–‚ª√µ’π∑’Ë°‘πµË”°«à“°≈ÿà¡Õ◊Ëπ

Õ“®‡π◊ËÕß¡“®“°ª√‘¡“≥°“√°‘π‰¥â¢ÕßÕ“À“√ ·≈–
Õß§åª√–°Õ∫∑“ß‡§¡’¢ÕßÕ“À“√∑’Ë —µ«å‰¥â√—∫·µ°µà“ß°—π
(Table 1) ∑”„Àâª√‘¡“≥°“√°‘π¢Õß‚¿™π–·µ°µà“ß°—π
 —¡ª√– ‘∑∏‘Ï°“√¬àÕ¬‰¥â¢Õß«—µ∂ÿ·Àâß Õ‘π∑√’¬«—µ∂ÿ
‚ª√µ’π °“√¬àÕ¬‰¥â¢Õßºπ—ß‡´≈≈å ·≈–‡´≈≈å¬Ÿ‚≈≈‘°π‘π
¢Õß·æ–∑ÿ°°≈ÿà¡∑’Ë‰¥â√—∫Õ“À“√¢âπ∑’Ë¡’°“°‡π◊ÈÕ„π‡¡≈Á¥
ª“≈å¡πÈ”¡—π√–¥—∫µà“ßÊ „π Ÿµ√Õ“À“√ (Table 2) ¢Õß
·æ–∑ÿ°°≈ÿà¡ æ∫«à“¡’§«“¡·µ°µà“ß°—π (P<0.01) ‚¥¬
 Ÿµ√∑’Ë 4 ·≈– 5 (45 ·≈– 55% PKC) ¡’§à“µË”°«à“°≈ÿà¡
Õ◊Ëπ  Õ¥§≈âÕß°—∫æ‘™—¬ (2534) √“¬ß“π«à“ °“√‡ √‘¡
Õ“À“√¢âπ∑’Ë¡’ à«πª√–°Õ∫¢Õß°“°ª“≈å¡πÈ”¡—π¡“°°«à“
30% ¢Õß«—µ∂ÿ·Àâß æ∫«à“ —¡ª√– ‘∑∏‘Ï°“√¬àÕ¬‰¥â¢Õß
«—µ∂ÿ·Àâß¢ÕßÕ“À“√≈¥≈ß (P<0.05) ¢≥–∑’Ë‰¡à àßº≈
µàÕª√‘¡“≥°“√°‘π‰¥â ·≈–°√–∫«π°“√À¡—°„π°√–‡æ“–
√Ÿ‡¡π¢Õß·æ–≈Ÿ°º ¡æ◊Èπ‡¡◊Õß·Õß‚°≈πŸ‡∫’¬π 50%
( ÿ¡‘µ√“, 2543) Õ“®‡π◊ËÕß®“°√–¥—∫‡¬◊ËÕ„¬·≈–‰¢¡—π∑’Ë
‡æ‘Ë¡ Ÿß¢÷Èπµ“¡√–¥—∫°“°‡π◊ÈÕ„π‡¡≈Á¥ª“≈å¡πÈ”¡—π∑’Ë
‡æ‘Ë¡¢÷Èπ„π Ÿµ√Õ“À“√ (Table 1) ∑”„Àâ°“√¬àÕ¬‰¥â
≈¥≈ß ‚¥¬‡©æ“–ºπ—ß‡´≈≈å ‡´≈≈å¬Ÿ‚≈≈‘°π‘π·≈–≈‘°π‘π
¡’ À —¡æ—π∏å„π‡™‘ß≈∫°—∫ª√‘¡“≥°“√°‘π‰¥â ·≈–
°“√¬àÕ¬‰¥â¢ÕßÕ“À“√ (Hart and Wanapat, 1992)
¡“°°«à“π—Èπ ª√‘¡“≥‰¢¡—π∑’Ë¡“°°«à“ 4-5% „π Ÿµ√
Õ“À“√ Õ“® àßº≈µàÕª√‘¡“≥°“√°‘π‰¥â §«“¡ “¡“√∂
„π°“√¬àÕ¬‰¥â °√–∫«π°“√À¡—° ·≈–°“√‡®√‘≠‡µ‘∫‚µ
¢Õß·∫§∑’‡√’¬ (bacterial growth) „π°√–‡æ“–√Ÿ‡¡π
(Allen, 2000; NRC, 2001) ‚¥¬‡©æ“– —¥ à«π¢Õß°√¥
‰¢¡—πæ∫«à“°√¥‰¢¡—π‰¡àÕ‘Ë¡µ—«™π‘¥∑’Ë¡’æ—π∏–§Ÿà¡“°°«à“
2 æ—π∏– (polyunsaturated fatty acid, PUFA) ‚¥¬
∑—Ë«‰ª¡’º≈„π∑“ß≈∫µàÕ°√–∫«π°“√À¡—°„π°√–‡æ“–
√Ÿ‡¡π ·≈–°“√¬àÕ¬‰¥â¢Õß‡¬◊ËÕ„¬¡“°°«à“°√¥‰¢¡—πÕ‘Ë¡µ—«
(saturated fatty acid, SFA) À√◊Õ°√¥‰¢¡—π‰¡àÕ‘Ë¡µ—«
™π‘¥∑’Ë¡’®”π«πæ—π∏–§Ÿà‡æ’¬ßÀπ÷Ëßæ—π∏– (monounsaturated
fatty acid, MUFA) ‡π◊ËÕß®“°¡’º≈„π∑“ß≈∫µàÕ°“√‡®√‘≠
‡µ‘∫‚µ¢Õß·∫§∑’‡√’¬¡“°°«à“ (Allen, 2000)  Õ¥§≈âÕß
°—∫ Palmquist and Jenkins (1980) √“¬ß“π«à“ °√¥‰¢¡—π
‰¡àÕ‘Ë¡µ—«¡’§«“¡‡ªìπæ‘…µàÕ®ÿ≈‘π∑√’¬å ·≈–≈¥°“√¬àÕ¬
‰¥â¢Õß‡¬◊ËÕ„¬ àßº≈„Àâª√‘¡“≥°“√°‘π‰¥â≈¥≈ß ´÷Ëß
Devendra and Lewis (1974)  √ÿª«à“ Õ“®‡°‘¥‡π◊ËÕß®“°
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·≈–Õ“À“√∑’Ë‡À≈◊Õ∑—Èß„π™à«ß‡™â“ ·≈–™à«ß‡¬Áπ¢Õß
∑ÿ°«—π‡æ◊ËÕÀ“ª√‘¡“≥°“√°‘π‰¥â  à«π„π√–¬–∑¥≈Õß
„Àâ·æ–‰¥â√—∫Õ“À“√µ“¡°≈ÿà¡∑¥≈Õß‡À¡◊Õπ√–¬–
ª√—∫µ—« ·µà≈¥ª√‘¡“≥Õ“À“√À¬“∫∑’Ë„Àâ‡À≈◊Õ‡æ’¬ß
90% ¢Õßª√‘¡“≥∑’Ë°‘π‰¥â„π™à«ß√–¬–ª√—∫µ—«

°“√‡°Á∫µ—«Õ¬à“ß °“√«‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß
‡§¡’·≈–°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈∑“ß ∂‘µ‘

∫—π∑÷°°“√‡ª≈’Ë¬π·ª≈ßπÈ”Àπ—°¢Õß·æ– ‚¥¬
™—ËßπÈ”Àπ—°°àÕπ‡¢â“™à«ß°“√∑¥≈Õß·≈–„π«—π ÿ¥∑â“¬
¢Õß·µà≈–™à«ß°“√∑¥≈Õß  ÿà¡‡°Á∫µ—«Õ¬à“ßÕ“À“√À¬“∫
·≈–Õ“À“√¢âπ∑—ÈßÕ“À“√∑’Ë„Àâ·≈–Õ“À“√∑’Ë‡À≈◊Õ ·≈â«π”
‰ªÕ∫∑’ËÕÿ≥À¿Ÿ¡‘ 100 o´ ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ‡æ◊ËÕπ”
¡“À“§à“‡©≈’Ë¬¢Õß«—µ∂ÿ·Àâß ‚¥¬π”¡“ª√—∫À“ª√‘¡“≥
°“√°‘π‰¥â¢Õß —µ«å„π·µà≈–«—π·≈–Õ’° à«πÀπ÷Ëßπ”‰ª
Õ∫∑’ËÕÿ≥À¿Ÿ¡‘ 60 o´ ‡ªìπ‡«≈“ 72 ™—Ë«‚¡ß ·≈–π”‰ª∫¥
ºà“πµ–·°√ß¢π“¥ 1 ¡≈. ‡æ◊ËÕ«‘‡§√“–ÀåÀ“Õß§åª√–°Õ∫
∑“ß‡§¡’ ‡™àπ «—µ∂ÿ·Àâß (dry matter, DM) ‚ª√µ’πÀ¬“∫
(crude protein, CP) ‡∂â“ (Ash) µ“¡«‘∏’°“√¢Õß AOAC
(1990) ·≈–«‘‡§√“–Àåºπ—ß‡´≈≈å (neutral detergent fiber,
NDF) ·≈–‡´≈≈å¬Ÿ‚≈≈‘°π‘π (acid detergent fiber, ADF)
µ“¡«‘∏’°“√¢Õß Goering and Van Soest (1970)

 ÿà¡‡°Á∫µ—«Õ¬à“ß¢Õß‡À≈«„π°√–‡æ“–À¡—° (rumen
fluid) ¢Õß —µ«å∑¥≈Õß·µà≈–°≈ÿà¡ ∑’Ë‡«≈“ 0 ·≈– 4 ™—Ë«‚¡ß
¢Õß°“√„ÀâÕ“À“√ ‚¥¬«‘∏’°“√„™â stomach tube √à«¡°—∫
vacuum pump „π«—π ÿ¥∑â“¬¢Õß·µà≈–√–¬–∑¥≈Õß
ª√‘¡“≥ 100 ¡≈. π”¡“«—¥§à“§«“¡‡ªìπ°√¥-¥à“ß∑—π∑’
‚¥¬„™â pH meter (HANNA instruments HI 98153
microcomputer pH meter) À≈—ß®“°π—Èπ ·∫àß¢Õß‡À≈«
®“°°√–‡æ“–À¡—°ÕÕ°‡ªìπ 2  à«π ¥—ßπ’È

 à«π∑’Ë 1  ÿà¡‡°Á∫ª√–¡“≥ 20 ¡≈. ‡µ‘¡ 1M H
2
SO

4

®”π«π 1 ¡≈.µàÕ¢Õß‡À≈«®“°√Ÿ‡¡π 10 ¡¡. ‡æ◊ËÕÀ¬ÿ¥
°“√∑”ß“π¢Õß®ÿ≈‘π∑√’¬å π”‰ªªíòπ‡À«’Ë¬ß (centrifuge)
¥â«¬§«“¡‡√Á« 3000 √Õ∫µàÕπ“∑’ ‡ªìπ‡«≈“ 15 π“∑’
‡°Á∫‡Õ“‡©æ“– à«π„  (supernatant) ‰«âª√–¡“≥
10-15 ¡≈. π”‰ª·™à·¢Áß∑’ËÕÿ≥À¿Ÿ¡‘ª√–¡“≥ -20 o´
‡æ◊ËÕ√Õ°“√«‘‡§√“–Àå·Õ¡‚¡‡π’¬-‰π‚µ√‡®π (ammonia-

nitrogen, NH
3
-N) ¥â«¬«‘∏’°“√°≈—Ëπ (Bremner and Keeney,

1965) ‚¥¬„™â‡§√◊ËÕß KJELTEC AUTO 2200 Analyzer
(Foss, TECATOR) ¢Õß‡À≈«Õ’° à«πÀπ÷Ëßπ”‰ª«‘‡§√“–Àå
À“°√¥‰¢¡—π√–‡À¬‰¥â∑—ÈßÀ¡¥ (total volatile fatty acid,
TVFA) ·≈–°√¥‰¢¡—π√–‡À¬‰¥â∑’Ë ”§—≠‰¥â·°à °√¥Õ– ’́µ‘°
(acetic acid, C

2
) °√¥‚æ√æ‘ÕÕπ‘° (propionic acid, C

3
)

·≈–°√¥∫‘«∑’√‘° (butyric acid, C
4
) ‚¥¬„™â‡§√◊ËÕß HPLC

(Hewlett Packard) ª√–°Õ∫¥â«¬ water 510 pump
(Millipore), UV Detector 210nm., ODS reverse phase
column (5µ, 40x250mm) µ“¡«‘∏’∑’Ë¥—¥·ª≈ß®“° Samuel
et al. (1997) ·≈– à«π∑’Ë 2 ∑”°“√ ÿà¡‡°Á∫ 1 ¡≈. ‡µ‘¡ 10%
formaldehyde 9 ¡≈. ‡æ◊ËÕπ”‰ªµ√«®π—∫ª√–™“°√
®ÿ≈‘π∑√’¬å (total direct count) ‰¥â·°à ·∫§∑’‡√’¬ (bacteria)
‚ª√‚µ´—« (protozoa) ·≈–‡™◊ÈÕ√“ (fungi) ‚¥¬„™â
Haemacytometer ¢π“¥ 400 ™àÕß ∑”°“√π—∫·∫§∑’‡√’¬
‚ª√‚µ´—«·≈–‡™◊ÈÕ√“ µ“¡«‘∏’°“√¢Õß Galyean (1989) ‚¥¬
„™â°≈âÕß®ÿ≈∑√√»πå (Olympus BX51TRF, No. 2B04492,
Olympus optical Co. Ltd., Japan) ‡°Á∫µ—«Õ¬à“ß‡≈◊Õ¥
∑’Ë‡«≈“ 0 ·≈– 4 ™—Ë«‚¡ß¢Õß°“√„ÀâÕ“À“√„π«—π ÿ¥∑â“¬
¢Õß·µà≈–√–¬–∑¥≈Õß ‚¥¬‡°Á∫®“°‡ âπ‡≈◊Õ¥¥”„À≠à
∫√‘‡«≥§Õ (jugular vein) ª√‘¡“≥ 3 ¡≈. „ àÀ≈Õ¥∑’Ë¡’
‡Œææ“√’π (heparinized) ‡æ◊ËÕªÑÕß°—π‰¡à„Àâ‡≈◊Õ¥·¢Áßµ—«
À≈—ß®“°π—Èππ”¡“ªíòπ‡À«’Ë¬ß∑’Ë§«“¡‡√Á«√Õ∫ 3,000
√Õ∫µàÕπ“∑’ „™â‡«≈“ 10 π“∑’·≈–‡°Á∫ à«πæ≈“ ¡“„ à
µŸâ‡¬Áπ·™à·¢Áß∑’ËÕÿ≥À¿Ÿ¡‘ -20 o´ ‡æ◊ËÕπ”¡“«‘‡§√“–ÀåÀ“
√–¥—∫¬Ÿ‡√’¬„π‡≈◊Õ¥ (blood urea-nitrogen, BUN) (Crocker,
1967) πÕ°®“°π’È ∑”°“√‡°Á∫¡Ÿ≈·≈–ªí  “«–∑—ÈßÀ¡¥
(total collection) ‚¥¬‡°Á∫ 5 «—πµ‘¥µàÕ°—π„π™à«ß∑â“¬¢Õß
°“√∑¥≈Õß ·≈â«∑”°“√ ÿà¡‡°Á∫µ—«Õ¬à“ß¡Ÿ≈·≈–ªí  “«–
‡æ◊ËÕπ”‰ª«‘‡§√“–Àå§à“Õß§åª√–°Õ∫∑“ß‡§¡’·≈–§”π«≥
À“°“√¬àÕ¬‰¥âµ“¡«‘∏’°“√¢Õß Schnieder and Flatt
(1975)  π”¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√∑¥≈Õß∑—ÈßÀ¡¥¡“«‘‡§√“–Àå
À“§«“¡·ª√ª√«π (ANOVA) ‚¥¬„™â Proc GLM (SAS
Inst. Inc., Cary, NC) ·≈–‡ª√’¬∫‡∑’¬∫§«“¡·µ°µà“ß
¢Õß§à“‡©≈’Ë¬¢Õß°≈ÿà¡∑¥≈Õß¥â«¬«‘∏’ Duncanûs New
Multiple Range Test ·≈–»÷°…“·π«‚πâ¡°“√µÕ∫ πÕß
¢Õß°“√‡æ‘Ë¡√–¥—∫ PKC ¥â«¬«‘∏’ Orthogonal polynomial
(Steel and Torrie, 1980)
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∫∑π”

ª“≈å¡πÈ”¡—π (oil palm, Elaeis guineensis Jacq.)
‡ªìπæ◊™‡»√…∞°‘®∑’Ë ”§—≠¢Õßª√–‡∑»‰∑¬ ®“°°“√
 ”√«®„πªï æ.». 2551 ¡’æ◊Èπ∑’Ë°“√‡æ“–ª≈Ÿ°ª“≈å¡πÈ”¡—π
„πª√–‡∑»√«¡∑—Èß ‘Èπ 3,246,130 ‰√à ‚¥¬ 95 ‡ªÕ√å‡´Áπµå
¢Õßæ◊Èπ∑’Ë‡æ“–ª≈Ÿ°ª“≈å¡πÈ”¡—π∑—ÈßÀ¡¥Õ¬Ÿà„π‡¢µ
¿“§„µâ „π·µà≈–ªï®–‰¥âº≈º≈‘µª“≈å¡πÈ”¡—π¡“°°«à“
9,264,655 µ—πµàÕªï ( ”π—°ß“π‡»√…∞°‘®°“√‡°…µ√,
2552) ·≈–·π«‚πâ¡„πÕπ“§µ‰¥â¡’°“√¢¬“¬µ—«‡æ‘Ë¡¢÷Èπ
Õ¬à“ß√«¥‡√Á« „π°√–∫«π°“√·ª√√Ÿª¢ÕßÕÿµ “À°√√¡
πÈ”¡—πª“≈å¡∑”„Àâ‡°‘¥«— ¥ÿ‡»…‡À≈◊ÕÀ√◊Õº≈æ≈Õ¬‰¥â
®“°ª“≈å¡·≈–Õÿµ “À°√√¡πÈ”¡—πª“≈å¡ (oil palm
by-products) ®”π«π¡“° ‡™àπ °“°ª“≈å¡πÈ”¡—π (oil palm
meal, OPM) ·≈–°“°‡π◊ÈÕ„π‡¡≈Á¥ª“≈å¡πÈ”¡—π (palm
kernel meal, PKM À√◊Õ palm kernel cake, PKC) ‡ªìπµâπ
÷́Ëß¡’§ÿ≥§à“∑“ß‚¿™π–„π à«π¢Õß‚ª√µ’π ·≈–æ≈—ßß“π

∑’Ë “¡“√∂π”¡“„™â‡≈’È¬ß —µ«å‰¥â (æ—π∑‘æ“, 2538)
°“°‡π◊ÈÕ„π‡¡≈Á¥ª“≈å¡πÈ”¡—π‡ªìπ à«π∑’Ë‰¥â®“°

°“√°√–‡∑“–‡Õ“°–≈“ÕÕ°‰ª·≈â«¡“Õ—¥πÈ”¡—π ®÷ß¡’
§ÿ≥§à“∑“ß‚¿™π–§àÕπ¢â“ß Ÿß (‚ª√µ’π√«¡ 18-19%,
‰¢¡—π√«¡ 5% ·≈– ‡¬◊ËÕ„¬√«¡ 13% µ“¡≈”¥—∫) ( ÿ∏“
·≈–‡ “«π‘µ, 2544)  “¡“√∂„™â‡ªìπ·À≈àß¢Õß‚ª√µ’π
·≈–æ≈—ßß“π„πÕ“À“√ —µ«å‡§’È¬«‡Õ◊ÈÕß ‡™àπ ‚§ °√–∫◊Õ
·æ– ·≈–·°–‰¥â¥’  ÿ¡‘µ√“ (2543) √“¬ß“π«à“  “¡“√∂
„™â‡»…‡À≈◊Õ®“°√«ß¢â“«º ¡°“°‡π◊ÈÕ„π‡¡≈Á¥ª“≈å¡
πÈ”¡—πÀ¡—°¥â«¬¬Ÿ‡√’¬‰¥â∂÷ß 45% ‚¥¬‰¡à àßº≈µàÕª√‘¡“≥
°“√°‘π‰¥â ·≈–°√–∫«π°“√À¡—°„π°√–‡æ“–√Ÿ‡¡π¢Õß
·æ–≈Ÿ°º ¡ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡§«∫§ÿ¡ ·µà∑’Ë
√–¥—∫ 30% ¡’ —¡ª√– ‘∑∏‘Ï°“√¬àÕ¬‰¥â¢Õß«—µ∂ÿ·Àâß
 Ÿß∑’Ë ÿ¥  Õ¥§≈âÕß°—∫°“√»÷°…“¢Õß æ‘™—¬ (2534)
√“¬ß“π«à“  —¡ª√– ‘∑∏‘Ï°“√¬àÕ¬‰¥â¢Õß«—µ∂ÿ·Àâß¢Õß
Õ“À“√≈¥≈ß (P<0.05) ·≈–Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ¡’
·π«‚πâ¡≈¥≈ß „π°≈ÿà¡∑’Ë‡ √‘¡Õ“À“√¢âπ∑’Ë¡’°“°ª“≈å¡
πÈ”¡—π¡“°°«à“ 30% Õ¬à“ß‰√°Áµ“¡ ¢âÕ¡Ÿ≈ß“π«‘®—¬
‡°’Ë¬«°—∫√–¥—∫°“√„™â°“°‡π◊ÈÕ„π‡¡≈Á¥ª“≈å¡πÈ”¡—π„π
√–¥—∫ Ÿß (>50%) ‚¥¬‡©æ“–„π·æ–¬—ß¡’®”°—¥ ¥—ßπ—Èπ
®÷ß¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“º≈°“√‡ √‘¡°“°‡π◊ÈÕ„π

‡¡≈Á¥ª“≈å¡πÈ”¡—π„π√–¥—∫µà“ßÊ „π Ÿµ√Õ“À“√·æ–
µàÕª√‘¡“≥°“√°‘π‰¥â °“√¬àÕ¬‰¥â ·≈–°√–∫«π°“√
À¡—°„π°√–‡æ“–√Ÿ‡¡π„π·æ–

«‘∏’°“√»÷°…“

 —µ«å∑¥≈Õß ·ºπ°“√∑¥≈Õß ·≈–°“√‡µ√’¬¡
Õ“À“√∑¥≈Õß

„™â·æ–≈Ÿ°º ¡æ◊Èπ‡¡◊Õß-·Õß‚°≈πŸ‡∫’¬π 50
‡ªÕ√å‡´Áπµå Õ“¬ÿ 15-16 ‡¥◊Õπ πÈ”Àπ—°‡©≈’Ë¬ 20+1 °°.
®”π«π 5 µ—« „π™à«ßª√—∫ —µ«å°àÕπ‡¢â“ß“π∑¥≈Õß
·æ–∑¥≈Õß∑ÿ°µ—«‰¥â√—∫°“√©’¥«—§´’π‡æ◊ËÕªÑÕß°—π
‚√§µ‘¥µàÕ∑’Ë ”§—≠ ‰¥â·°à «—§´’π‚√§§Õ∫«¡ ·≈–‚√§ª“°
·≈–‡∑â“‡ªóòÕ¬ ∂à“¬æ¬“∏‘¿“¬„π‚¥¬„™â¬“∂à“¬æ¬“∏‘
‰Õ‡«Õ√å‡¡°µ‘π (Ivermectin, IDECTIN˙, The British
Dispensary, Co., Ltd.) Õ—µ√“°“√„™â¬“ 2 ¡≈.µàÕ
πÈ”Àπ—°µ—« 50 °°. ·≈–©’¥‰«µ“¡‘π‡Õ¥’Õ’ (AD

3
E) Õ—µ√“

°“√„™â¬“ 2 ¡≈.µàÕµ—«∑ÿ°µ—« ∑”°“√ ÿà¡·æ–„Àâ‰¥â√—∫
∑√’∑‡¡πµåµ“¡·ºπ°“√∑¥≈Õß·∫∫ 5x5 ®—µÿ√— ≈“µ‘π
(5x5 Latin square design) ‚¥¬‰¥â√—∫Õ“À“√
¢âπ∑’Ëª√–°Õ∫¥â«¬°“°‡π◊ÈÕ„π‡¡≈Á¥ª“≈å¡πÈ”¡—π∑’Ë√–¥—∫
15, 25, 35, 45 ·≈– 55 ‡ªÕ√å‡´Áπµå „π Ÿµ√Õ“À“√∑’Ë 1,
2, 3, 4 ·≈– 5  Ÿµ√ µ“¡≈”¥—∫

·æ–·µà≈–µ—«∂Ÿ°‡≈’È¬ß„π§Õ°»÷°…“°“√¬àÕ¬‰¥â
(metabolism crate) ¢—ß‡¥’Ë¬«¬°æ◊Èπ ®”π«π 5 §Õ°
¡’√“ßÕ“À“√À¬“∫ Õ“À“√¢âπ ·≈–∑’Ë„ÀâπÈ”Õ¬Ÿà¥â“πÀπâ“
Õ“À“√¢âπ∑’Ë„™â„π°“√∑¥≈Õßª√–°Õ∫¥â«¬ °“°‡π◊ÈÕ
„π‡¡≈Á¥ª“≈å¡πÈ”¡—π ¢â“«‚æ¥∫¥ °“°∂—Ë«‡À≈◊Õß·≈–
√”≈–‡Õ’¬¥‡ªìπÕß§åª√–°Õ∫æ◊Èπ∞“π (Table 1) ‚¥¬
§”π«≥„Àâ¡’√–¥—∫‚¿™π–µ“¡§«“¡µâÕß°“√¢Õß·æ–
µ“¡§”·π–π”¢Õß NRC (1981) §◊Õ¡’‚ª√µ’π 15% ·≈–
ME 2.78-2.89 Mcal/kg DM ∑”°“√∑¥≈Õß 5 ™à«ßÊ ≈–
21 «—π ´÷Ëßª√–°Õ∫¥â«¬ √–¬–ª√—∫µ—« (adaptation
period) 14 «—π ·≈–√–¬–∑¥≈Õß (experimental period)
7 «—π ‚¥¬„π√–¬–ª√—∫µ—«„Àâ·æ–‰¥â√—∫À≠â“æ≈‘·§∑∑Ÿ≈—Ë¡
·Àâß·∫∫‡µÁ¡∑’Ë ‡ √‘¡Õ“À“√¢âπµ“¡°≈ÿà¡∑¥≈Õß„π√–¥—∫
2% ¢ÕßπÈ”Àπ—°µ—« ‚¥¬„Àâ«—π≈– 2 §√—Èß „π‡«≈“
08.00 π. ·≈– 16.00 π. ∑”°“√«—¥ª√‘¡“≥Õ“À“√∑’Ë„Àâ
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„π°√–‡æ“–√Ÿ‡¡π·≈– ¡¥ÿ≈‰π‚µ√‡®π„π·æ–∑’Ë‰¥â√—∫À≠â“æ≈‘·§∑∑Ÿ≈—Ë¡

·Àâß‡ªìπÕ“À“√À≈—°

Effects of levels of palm kernel cake in concentrate on rumen ecology
and nitrogen balance in goats fed with Paspalum plicatulum

hay-based diet
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∫∑§—¥¬àÕ: °“√∑¥≈Õßπ’È¡’«—µ∂ÿª√– ß§å ‡æ◊ËÕ»÷°…“º≈¢Õß√–¥—∫°“°‡π◊ÈÕ„π‡¡≈Á¥ª“≈å¡πÈ”¡—π„π Ÿµ√Õ“À“√¢âπµàÕª√‘¡“≥
°“√°‘π‰¥â·≈–°√–∫«π°“√À¡—°„π°√–‡æ“–√Ÿ‡¡π„π·æ– ‚¥¬»÷°…“„π·æ–πÈ”Àπ—°‡©≈’Ë¬ 20+1 °°. „™â·ºπ°“√∑¥≈Õß
·∫∫ 5x5 ®—µÿ√— ≈“µ‘π ·æ–‰¥â√—∫Õ“À“√¢âπ∑’Ë¡’√–¥—∫°“°‡π◊ÈÕ„π‡¡≈Á¥ª“≈å¡πÈ”¡—π 15, 25, 35, 45 ·≈– 55% „π Ÿµ√Õ“À“√
∑’Ë 1, 2, 3, 4 ·≈– 5  Ÿµ√ µ“¡≈”¥—∫ „Àâ·æ–‰¥â√—∫À≠â“æ≈‘·§∑∑Ÿ≈—Ë¡·ÀâßÕ¬à“ß‡µÁ¡∑’Ë º≈°“√∑¥≈Õß æ∫«à“ª√‘¡“≥°“√°‘π‰¥â
∑—ÈßÀ¡¥¢Õß«—µ∂ÿ·Àâß¡’§à“„°≈â‡§’¬ß°—π (P>0.05) ·µà —¡ª√– ‘∑∏‘Ï°“√¬àÕ¬‰¥â¢Õß‚¿™π–«—µ∂ÿ·Àâß Õ‘π∑√’¬«—µ∂ÿ ‚ª√µ’π
ºπ—ß‡´≈≈å ·≈–‡´≈¬Ÿ‚≈≈‘°π‘π·µ°µà“ß°—π∑“ß ∂‘µ‘ (P<0.01) ‚¥¬ Ÿµ√∑’Ë 4 ·≈– 5 ¡’§à“µË”°«à“°≈ÿà¡Õ◊Ëπ ¢≥–∑’Ë§à“§«“¡‡ªìπ
°√¥-¥à“ß·≈–·Õ¡‚¡‡π’¬-‰π‚µ√‡®π¡’§à“„°≈â‡§’¬ß°—π (P>0.05) §«“¡‡¢â¡¢âπ¢Õß°√¥‰¢¡—π√–‡À¬‰¥â∑—ÈßÀ¡¥ ª√–™“°√®ÿ≈‘π∑√’¬å
·≈–ª√– ‘∑∏‘¿“æ°“√ —ß‡§√“–Àå®ÿ≈‘π∑√’¬å‚ª√µ’π¡’§à“„°≈â‡§’¬ß°—π (P>0.05) ·µà°“√„™âª√–‚¬™πå¢Õß‰π‚µ√‡®π¡’§«“¡
·µ°µà“ß°—π∑“ß ∂‘µ‘ (P<0.01) ‚¥¬ Ÿµ√∑’Ë 4 ·≈– 5 ∑’Ë¡’°“√„™âª√–‚¬™πå¢Õß‰π‚µ√‡®π·π«‚πâ¡µË”°«à“°≈ÿà¡Õ◊Ëπ ®“°º≈
°“√∑¥≈Õßπ’È “¡“√∂ √ÿª‰¥â«à“  “¡“√∂„™â°“°‡π◊ÈÕ„π‡¡≈Á¥ª“≈å¡πÈ”¡—π‰¥â 15-35% „π Ÿµ√Õ“À“√·æ–
§” ”§—≠: °“°‡π◊ÈÕ„π‡¡≈Á¥ª“≈å¡πÈ”¡—π, π‘‡«»«‘∑¬“„π°√–‡æ“–√Ÿ‡¡π,  ¡¥ÿ≈‰π‚µ√‡®π, ·æ–

ABSTRACT: This experiment aimed to study effect of levels of palm kernel cake (PKC) in concentrate on
dry matter intake and rumen fermentation. Five goats with average liveweight 20+1 kg were randomly assigned
according to a 5x5 Latin square design to receive five diets (15, 25, 35, 45 and 55% PKC, respectively). Plicatulum
hay was offered on ad lib basis. Based on this experiment, there were no significant differences (P>0.05) among
treatments regarding DM intake, whereas apparent digestibilities of DM, OM, CP, NDF and ADF were affected
(P<0.01) by inclusion of PKC in diets and tended to be slightly lower for goats fed the diet T

4
 and T

5
 containing 45

and 55% PKC as compared with other treatments. The ruminal pH and NH
3
-N were similar among treatments (P>0.05).

Volatile fatty acids, rumen microorganism populations and efficiency of microbial nitrogen supply were similar
among treatments (P>0.05), but nitrogen balance was affected (P<0.01) by inclusion of PKC in diets and tended to be
slightly lower for goats fed the diet 45 and 55% PKC as compared with other treatments. It could be concluded that
the level of PKC in concentrate should be 15-35 % for goat fed with plicatulum hay.
Keywords: palm kernel cake, rumen ecology, nitrogen balance, goat
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