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ABSTRACT

The chemical composition and solubility of milk replacers substituted milk protein by plant or animal

protein were studied in experiment I. Five experimental diets included the control diet (diet 1), utilizing 100

% crude protein from milk protein, and the test diets in which 30 % of milk protein was replaced by full

fat soy flour, extruded soybean meal, fish meal and egg powder for diet 2, 3, 4 and 5, respectively. There

was little difference in chemical composition, except the diet 5 which contained more ether extract than the

other diets. Solubility value of diets 1, 2, 3, 4 and 5 were 93.77, 91.67, 86.80, 89.44 and 93.44 %, respectively

(P<0.05). The effects of water temperature 30-50°C on solubility were significantly higher than that of 60-

90°C (P<0.05).

The experiment II was to study the effect of fat source (butter fat, BF; tallow, T; soya bean oil, SBO;

palm oil, PO) on the rancidity of milk replacer utilizing various protein sources (milk protein, M; full fat soy

flour, SF; fish meal, FM). Twelve experimental diets consisted of (1-4) 100 % crude protein from M with

the following fat sources of BF, T, SBO and PO respectively; (5-8) 70 % crude protein from M and 30 %

from SBO with the following BF, T, SBO and PO as fat source respectively; (9-12) 70 % crude protein from

M and 30 % from FM with the following fat sources : BF, T, SBO and PO respectively. Peroxide value was

measured as the results of rancidity of milk replacers every week for 16 weeks. The results showed that the

rancidity of diet 3, 7 and 11 occurred at the 11th week; while diet 12 occurred at 12th week ; diet 4, 8, 9

and 10 occurred at 13th week ; diet 1, 2, 5 and 6 occurred at 14th week. Milk replacers used M+FM as a

protein source were higher of peroxide value than the diets used M and SF as the proteins source. And the

diets used M+FM and M+SF as a protein source were higher of peroxide value than the diets used only M.

Key words : protein sources, fat sources, milk replacer, solubility, calves

Kasetsart J. (Nat. Sci.) 32 : 412 - 423 (1998) «. ‡°…µ√»“ µ√å («‘∑¬.) ªï∑’Ë 32 : 412 - 423 (2541)

¿“§«‘™“ —µ«∫“≈ §≥–‡°…µ√ ¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å °√ÿß‡∑æ 10900

Department of Animal Science, Faculty of Agriculture, Kasetsart University, Bangkok 10900, Thailand.



∫∑§—¥¬àÕ

°“√»÷°…“ à«πª√–°Õ∫∑“ß‡§¡’·≈–°“√

≈–≈“¬‰¥â¢Õßπ¡‡∑’¬¡∑’Ë„™â‚ª√µ’π®“°æ◊™·≈– —µ«å

‡ªìπ·À≈àß‚ª√µ’π∑¥·∑π‚ª√µ’ππ¡ ª√–°Õ∫¥â«¬

Õ“À“√∑¥≈Õß 5  Ÿµ√‰¥â·°à  Ÿµ√∑’Ë 1 ¡’‚ª√µ’ππ¡

100 % (Õ“À“√ Ÿµ√‡ª√’¬∫‡∑’¬∫)  Ÿµ√∑’Ë 2, 3, 4 ·≈– 5

„™â‚ª√µ’π®“°·ªÑß∂—Ë«‡À≈◊Õß‰¢¡—π‡µÁ¡ °“°∂—Ë«‡À≈◊Õß

‡ÕÁ°∑√Ÿ¥´å ª≈“ªÉπ ·≈–‰¢àºß ∑¥·∑π‚ª√µ’ππ¡„π

Õ—µ√“ à«π 30 % µ“¡≈”¥—∫ Õ“À“√∑¥≈Õß¡’ à«π

ª√–°Õ∫∑“ß‡§¡’„°≈â‡§’¬ß°—π ¬°‡«âπ‰¢¡—π„π Ÿµ√∑’Ë 5

¡’ª√‘¡“≥‰¢¡—π Ÿß°«à“°≈ÿà¡Õ◊ËπÊ  Ÿµ√Õ“À“√∑¥≈Õß¡’

§à“°“√≈–≈“¬‰¥â‡©≈’Ë¬ 93.77, 91.67, 86.80, 89.44 ·≈–

93.94 % µ“¡≈”¥—∫ (P<0.05)  Ÿµ√∑’Ë 1 ·≈– 5 ¡’§à“

°“√≈–≈“¬‰¥â Ÿß°«à“ Ÿµ√∑’Ë 2, 3 ·≈– 4 (P<0.05)

Õÿ≥À¿Ÿ¡‘πÈ”µàÕ°“√≈–≈“¬æ∫«à“∑’ËÕÿ≥À¿Ÿ¡‘ 30-50°C ¡’

§à“°“√≈–≈“¬‰¥â‰¡à·µ°µà“ß°—π (P>0.05) ·≈–¡’°“√

≈–≈“¬‰¥â Ÿß°«à“∑’ËÕÿ≥À¿Ÿ¡‘ 60-90°C (P<0.05)

°“√»÷°…“º≈¢Õß·À≈àß‰¢¡—π (‰¢¡—π‡π¬, BF;

‰¢«—«, T; πÈ”¡—π∂—Ë«‡À≈◊Õß, SBO; πÈ”¡—πª“≈å¡, PO;)

µàÕ°“√À◊π¢Õßπ¡‡∑’¬¡∑’Ë„™â·À≈àß‚ª√µ’π (π¡, M;

·ªÑß∂—Ë«‡À≈◊Õß‰¢¡—π‡µÁ¡, SF; ª≈“ªÉπ, FM;) µà“ß

™π‘¥°—πª√–°Õ∫¥â«¬Õ“À“√ 12  Ÿµ√‰¥â·°à 1) M100%

√à«¡°—∫ BF, 2) M100% √à«¡°—∫ T, 3) M100% √à«¡°—∫

SBO, 4) M100% √à«¡°—∫ PO, 5) M70%+SF30%

√à«¡°—∫ BF, 6) M70%+SF30% √à«¡°—∫ T, 7)

M70%+SF30% √à«¡°—∫ SBO, 8) M70%+SF30%

√à«¡°—∫ PO, 9) M70%+FM30% √à«¡°—∫ BF, 10)

M70%+FM30% √à«¡°—∫ T, 11) M70%+FM30%

√à«¡°—∫ SBO ·≈– 12) M70%+FM30% √à«¡°—∫ PO

∑”°“√«—¥§à“‡ªÕ√åÕÕ°‰´¥å∑ÿ° —ª¥“Àå®π∂÷ß 16  —ª¥“Àå

æ∫«à“§à“‡ªÕ√åÕÕ°‰´¥å‡æ‘Ë¡¢÷Èπ‡¡◊ËÕÕ“¬ÿ°“√‡°Á∫‡æ‘Ë¡¢÷Èπ

 Ÿµ√∑’Ë 3,7 ·≈– 11 À◊π∑’ËÕ“¬ÿ 11  —ª¥“Àå  Ÿµ√∑’Ë 12

À◊π∑’ËÕ“¬ÿ 12  —ª¥“Àå  Ÿµ√∑’Ë 4, 8, 9 ·≈– 10 À◊π∑’ËÕ“¬ÿ

13  —ª¥“Àå  Ÿµ√∑’Ë 1, 2, 5 ·≈– 6 À◊π∑’ËÕ“¬ÿ 14  —ª¥“Àå

 Ÿµ√∑’Ë¡’·À≈àß‚ª√µ’π®“° M+F ¡’§à“‡ªÕ√åÕÕ°‰´¥å

‡æ‘Ë¡ Ÿß°«à“  Ÿµ√∑’Ë¡’ M+SF ‡ªìπ·À≈àß‚ª√µ’π (P<0.05)

·≈– Ÿµ√∑’Ë¡’ M+SF ¡’§à“‡ªÕ√åÕÕ°‰´¥å‡æ‘Ë¡ Ÿß°«à“

 Ÿµ√∑’Ë¡’ M Õ¬à“ß‡¥’¬« (P<0.05) ·À≈àß¢Õß‰¢¡—πµàÕ

°“√À◊π æ∫«à“ SBO, PO, BF ·≈– T ¡’§à“‡ªÕ√å

ÕÕ°‰´¥å‡æ‘Ë¡¡“°‡ªìπÕ—π¥—∫∑’Ë 1, 2, 3 ·≈– 4 µ“¡≈”¥—∫

(P<0.05)

§”π”

π¡ ¥®“°·¡à‚§‡ªìπÕ“À“√∑’Ë„Àâ§ÿ≥§à“‚¿™π–

µ“¡µâÕß°“√¢Õß≈Ÿ°‚§¡“°∑’Ë ÿ¥ ·µà¡’√“§“·æß

ªí®®ÿ∫—π®÷ß¡’°“√π”‡Õ“π¡‡∑’¬¡ (milk replacer) ¡“„™â

‡≈’È¬ß≈Ÿ°‚§·∑ππ¡ ¥°—π¡“° π¡‡∑’¬¡‡ªìπº≈‘µ¿—≥±å

π¡∑’Ë “¡“√∂„™â‡≈’È¬ß≈Ÿ°‚§À≈—ß®“°≈Ÿ°‚§‰¥â°‘ππ¡

‡À≈◊Õß À√◊Õπ¡ ¥ª√–¡“≥ 1 ∂÷ß 2  —ª¥“Àå

(™«π‘»π¥“°√, 2534)  Ÿµ√π¡‡∑’¬¡∑’Ëº≈‘µ¢“¬

‡ªìπ°“√§â“ à«π„À≠à®–„™âÀ“ßπ¡ºß (skim milk powder)

‡ªìπ·À≈àß‚ª√µ’πÀ≈—°ª√–¡“≥ 78-82 % „™â‰¢¡—π

æ◊™À√◊Õ —µ«å·∑π‰¢¡—ππ¡ ·≈–„™â‡≈´‘∑‘π (lecithin)

®“°∂—Ë«‡À≈◊Õß 1-2 % æ√âÕ¡∑—Èß‡ √‘¡«‘µ“¡‘π·√à∏“µÿµà“ß Ê

„Àâ§√∫µ“¡§«“¡µâÕß°“√¢Õß≈Ÿ°‚§ (Roy, 1980)

NRC (1989) ·π–π”«à“π¡‡∑’¬¡§«√¡’√–¥—∫

‚ª√µ’π 22 % ‚¿™π–¬àÕ¬‰¥â (TDN) 95 % ‰¢¡—π

Õ¬à“ßπâÕ¬ 10 % ·≈–‡ √‘¡«‘µ“¡‘π ‡Õ, ¥’ ·≈– Õ’ „Àâ

„πª√‘¡“≥ 3800, 600 ·≈– 40 I.U./°°. µ“¡≈”¥—∫

≈Ÿ°‚§∑’Ë‡≈’È¬ß¥â«¬π¡‡∑’¬¡∑’Ë¡’‰¢¡—π 15-20 ‡ªÕ√å‡´Áπµå

¡’§«“¡µâ“π∑“πµàÕ‚√§∑âÕß‡ ’¬ ·≈–æ≈—ßß“π„π‰¢

¡—π®–™à«¬„Àâ≈Ÿ°‚§¡’°“√‡®√‘≠‡µ‘∫‚µ‰¥â¥’¥â«¬ (Õπÿ™“,

2529) Raven (1970) √“¬ß“π«à“°“√„™â‰¢¡—π®“° —µ«å

‡™àπ ‰¢«—« πÈ”¡—πÀ¡Ÿ ¡’·π«‚πâ¡¢Õß°“√‡®√‘≠‡µ‘∫‚µ

µË”°«à“≈Ÿ°‚§∑’Ë‰¥â√—∫‰¢¡—π‡π¬ ·≈–°“√„™â‰¢¡—π®“°

æ◊™∑’Ëºà“π¢∫«π°“√ hydrogenation ·≈â«‡™àπ πÈ”¡—π
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ΩÑ“¬ πÈ”¡—π¢â“«‚æ¥ ·≈–πÈ”¡—π∂—Ë«‡À≈◊Õß∑”„Àâ≈Ÿ°‚§

¡’°“√‡®√‘≠‡µ‘∫‚µ„°≈â‡§’¬ß≈Ÿ°‚§∑’Ë‰¥â√—∫‰¢¡—π‡π¬

°“√À◊π¢Õß‰¢¡—π·≈–πÈ”¡—π·∫àßÕÕ°‰¥â 3

™π‘¥§◊Õ °“√À◊π∑’Ë‡°‘¥®“°ªØ‘°‘√‘¬“°“√·¬° ≈“¬¥â«¬πÈ”

(hydrolysis rancidity) °“√À◊π∑’Ë‡°‘¥®“° “√§’‚µπ

(ketone rancidity) ·≈–°“√À◊π∑’Ë‡°‘¥®“°ªØ‘°‘√‘¬“°“√

‡µ‘¡ÕÕ° ‘́‡®π (oxidation rancidity) (»»‘‡°…¡·≈–æ√√≥’,

2530) °“√‡À¡ÁπÀ◊π¢Õß‰¢¡—π·≈–πÈ”¡—π«—¥‚¥¬„™â§à“

‡ªÕ√åÕÕ°‰´¥å (peroxide value) (‡¬“«≈—°…≥å, 2536)

§à“‡ªÕ√åÕÕ°‰´¥å À¡“¬∂÷ß®”π«π¡‘≈≈‘°√—¡ ¡¡Ÿ≈¬å

(milliequivalent) ¢Õß‡ªÕ√åÕÕ°‰´¥å∑’Ë¡’„ππÈ”¡—π 1

°‘‚≈°√—¡ §à“‡ªÕ√åÕÕ°‰´¥å®–∫Õ°„Àâ∑√“∫∂÷ßª√‘¡“≥

¢Õß°√¥‰¢¡—π™π‘¥‰¡àÕ‘Ë¡µ—«∑’Ë∂Ÿ°ÕÕ°´‘‰¥¥å∑’Ë¡’„ππÈ”¡—π

1 °‘‚≈°√—¡ (»»‘‡°…¡·≈–æ√√≥’, 2530) ∂â“¡’ “√ª√–

°Õ∫‡ªÕ√åÕÕ°‰´¥å„ππÈ”¡—π‡°‘π 10 ¡‘≈≈‘°√—¡ ¡¡Ÿ≈¬å

µàÕπÈ”¡—π 1000 °√—¡®–∑”„Àâ‡°‘¥°“√‡À¡ÁπÀ◊π °“√

∫√‘‚¿§πÈ”¡—π∑’ËÀ◊π®–∑”„Àâ¢◊Ëπ§Õ·≈–À“¬„®‰¡à –¥«°

(Õ√≥“ ·≈–§≥–, 2528) ∂÷ß·¡â«à“√“§“π¡‡∑’¬¡®–∂Ÿ°

°«à“π¡ ¥·µà°Á¬—ß∑”„Àâµâπ∑ÿπ„π°“√‡≈’È¬ß≈Ÿ°‚§ ŸßÕ¬Ÿà¥’

‡æ√“–®–µâÕß —Ëß´◊ÈÕπ¡‡∑’¬¡®“°µà“ßª√–‡∑»¡“„™â

πÕ°®“°π’Èπ¡‡∑’¬¡¡’À“ßπ¡ºß‡ªìπ à«πª√–°Õ∫ ”§—≠

´÷Ëß¬—ß‰¡à¡’°“√º≈‘µ¿“¬„πª√–‡∑»‰∑¬ ¥—ßπ—Èπ‡æ◊ËÕ

‡ªìπ°“√≈¥µâπ∑ÿπ®÷ß®”‡ªìπµâÕßÀ“·À≈àß«—µ∂ÿ¥‘∫™π‘¥

Õ◊Ëπ∑’Ë “¡“√∂º≈‘µ‰¥â¿“¬„πª√–‡∑» ¡’§ÿ≥¿“æ¥’ ·≈–

¡’√“§“∂Ÿ°¡“„™â‡ªìπ à«πª√–°Õ∫„ππ¡‡∑’¬¡ ”À√—∫

„™â‡ªìπÕ“À“√‡À≈«‡≈’È¬ß≈Ÿ°‚§ ´÷Ëß‡ªìπ«‘∏’Àπ÷Ëß∑’Ë®–™à«¬

∑”„Àâ°“√‡≈’È¬ß≈Ÿ°‚§¡’§à“„™â®à“¬≈¥≈ß‰¥â

«—µ∂ÿª√– ß§å

»÷°…“∂÷ßÕß§åª√–°Õ∫·≈–°“√≈–≈“¬‰¥â¢Õß

°“√„™â‚ª√µ’π®“°æ◊™·≈– —µ«å‡ªìπ·À≈àß‚ª√µ’π„π

π¡‡∑’¬¡ ·≈–»÷°…“º≈°“√„™â·À≈àß‰¢¡—π™π‘¥µà“ßÊ

µàÕ°“√À◊π¢Õßπ¡‡∑’¬¡∑’Ë¡’·À≈àß‚ª√µ’πµà“ß™π‘¥°—π

Õÿª°√≥å·≈–«‘∏’°“√

°“√∑¥≈Õß∑’Ë 1 : °“√„™â·À≈àß‚ª√µ’π®“°æ◊™·≈– —µ«å

Õ“À“√∑¥≈Õß¡’ 5  Ÿµ√· ¥ß„π Table 1 ‰¥â·°à

 Ÿµ√∑’Ë 1  Ÿµ√π¡‡∑’¬¡∑’Ë¡’·À≈àß‚ª√µ’π®“°π¡

100 % ( Ÿµ√‡ª√’¬∫‡∑’¬∫)

 Ÿµ√∑’Ë 2  Ÿµ√π¡‡∑’¬¡∑’Ë¡’·À≈àß‚ª√µ’π®“°

·ªÑß∂—Ë«‡À≈◊Õß‰¢¡—π‡µÁ¡∑¥·∑π‚ª√µ’ππ¡ 30 %

 Ÿµ√∑’Ë 3  Ÿµ√π¡‡∑’¬¡∑’Ë¡’·À≈àß‚ª√µ’π®“°

°“°∂—Ë«‡À≈◊Õß‡ÕÁ°∑√Ÿ¥´å∑¥·∑π‚ª√µ’ππ¡ 30 %

 Ÿµ√∑’Ë 4  Ÿµ√π¡‡∑’¬¡∑’Ë¡’·À≈àß‚ª√µ’π®“°

ª≈“ªÉπ∑¥·∑π‚ª√µ’ππ¡ 30 %

 Ÿµ√∑’Ë 5  Ÿµ√π¡‡∑’¬¡∑’Ë¡’·À≈àß‚ª√µ’π®“°

‰¢àºß∑¥·∑π‚ª√µ’ππ¡ 30 %

°“√À“§à“°“√≈–≈“¬‰¥â‚¥¬™—Ëßπ¡‡∑’¬¡ 4

°√—¡≈–≈“¬„ππÈ” 32 ́ ’´’ π“π 10 π“∑’ «“ß‰«â„π water

bath π“π 5 π“∑’ ·≈â«¥Ÿ¥ “√≈–≈“¬π¡ª√–¡“≥ 2 ¡≈.

„ à„π∂â«¬°√–®° (™—ËßπÈ”Àπ—°∫—π∑÷°‡ªìπ L1) π”‰ª

Õ∫„Àâ·Àâß (™—ËßπÈ”Àπ—°∫—π∑÷°‡ªìπ S1) π” “√≈–≈“¬

π¡∑’Ë‡À≈◊Õ‰ª‡À«’Ë¬ß¥â«¬‡§√◊ËÕß centrifuge π“π 10 π“∑’

·≈â«¥Ÿ¥ “√≈–≈“¬ à«π∫πª√–¡“≥ 2 ¡≈. „ à„π∂â«¬

°√–®° (™—ËßπÈ”Àπ—°∫—π∑÷°‡ªìπ L2) π”‰ªÕ∫„Àâ·Àâß

(™—ËßπÈ”Àπ—°∫—π∑÷°‡ªìπ S2) À“§à“°“√≈–≈“¬‰¥â ‚¥¬

‡¢â“ ¡°“√ (Pearson, 1976)

§à“°“√≈–≈“¬‰¥â (%) = 
100L1S2

L2S1

°“√∑¥≈Õß„™â·ºπ°“√∑¥≈Õß·∫∫ 5 × 7

factorial experiment in completely randomized design

(CRD) (®√—≠, 2523) ªí®®—¬·√°§◊Õ Ÿµ√π¡‡∑’¬¡

ªí®®—¬∑’Ë Õß§◊ÕÕÿ≥À¿Ÿ¡‘¢ÕßπÈ”∑’Ë„™â ”À√—∫≈–≈“¬π¡

‡∑’¬¡¡’ 7 √–¥—∫§◊Õ 30, 40, 50, 60, 70, 80 ·≈– 90

Õß»“‡´≈‡´’¬  ·µà≈– treatment ¡’ 4 ´È” ∑”°“√

«‘‡§√“–Àå¢âÕ¡Ÿ≈‚¥¬°“√«‘‡§√“–Àå«“‡√’¬π´å (analysis of

variance) ‡ª√’¬∫‡∑’¬∫§«“¡·µ°µà“ß‚¥¬«‘∏’ Duncanû s
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New Multiple Range Test ‚¥¬„™â‚ª√·°√¡ SAS

(1985)

°“√«‘‡§√“–ÀåÀ“«—µ∂ÿ·Àâß ‚ª√µ’π√«¡ ‰¢¡—π

‡∂â“ ·§≈‡´’¬¡ ·≈– øÕ øÕ√—  ‚¥¬«‘∏’«‘‡§√“–Àå·∫∫

Proximate analysis (Õ—ß§≥“ ·≈– ¥«ß ¡√, 2532)

°“√∑¥≈Õß∑’Ë 2 : °“√„™â·À≈àß‰¢¡—π™π‘¥µà“ßÊ

Õ“À“√∑¥≈Õß¡’ 12  Ÿµ√· ¥ß„π Table 4

‰¥â·°à

 Ÿµ√∑’Ë 1 ‰¢¡—π‡π¬ 10 %„π Ÿµ√π¡‡∑’¬¡∑’Ë¡’

·À≈àß‚ª√µ’π®“°π¡ 100 %

 Ÿµ√∑’Ë 2 ‰¢«—« 10 %„π Ÿµ√π¡‡∑’¬¡∑’Ë¡’

·À≈àß‚ª√µ’π®“°π¡ 100 %

 Ÿµ√∑’Ë 3 πÈ”¡—π∂—Ë«‡À≈◊Õß 10 %„π Ÿµ√π¡

‡∑’¬¡∑’Ë¡’·À≈àß‚ª√µ’π®“°π¡ 100 %

 Ÿµ√∑’Ë 4 πÈ”¡—πª“≈å¡ 10 %„π Ÿµ√π¡‡∑’¬¡

∑’Ë¡’·À≈àß‚ª√µ’π®“°π¡ 100 %

 Ÿµ√∑’Ë 5 ‰¢¡—π‡π¬ 10 %„π Ÿµ√π¡‡∑’¬¡∑’Ë¡’

·À≈àß‚ª√µ’π®“°·ªÑß∂—Ë«‡À≈◊Õß‰¢¡—π‡µÁ¡∑¥·∑π

‚ª√µ’ππ¡ 30 %

 Ÿµ√∑’Ë 6 ‰¢«—« 10 %„π Ÿµ√π¡‡∑’¬¡∑’Ë¡’

·À≈àß‚ª√µ’π®“°·ªÑß∂—Ë«‡À≈◊Õß‰¢¡—π‡µÁ¡∑¥·∑π

‚ª√µ’ππ¡ 30 %

 Ÿµ√∑’Ë 7 πÈ”¡—π∂—Ë«‡À≈◊Õß 10 %„π Ÿµ√π¡

‡∑’¬¡∑’Ë¡’·À≈àß‚ª√µ’π®“°·ªÑß∂—Ë«‡À≈◊Õß‰¢¡—π‡µÁ¡

∑¥·∑π‚ª√µ’ππ¡ 30 %

 Ÿµ√∑’Ë 8 πÈ”¡—πª“≈å¡ 10 %„π Ÿµ√π¡‡∑’¬¡∑’Ë

¡’·À≈àß‚ª√µ’π®“°·ªÑß∂—Ë«‡À≈◊Õß‰¢¡—π‡µÁ¡∑¥·∑π

‚ª√µ’ππ¡ 30 %

 Ÿµ√∑’Ë 9 ‰¢¡—π‡π¬ 10 %„π Ÿµ√π¡‡∑’¬¡∑’Ë¡’

·À≈àß‚ª√µ’π®“°ª≈“ªÉπ∑¥·∑π‚ª√µ’ππ¡ 30 %

 Ÿµ√∑’Ë 10 ‰¢«—« 10 %„π Ÿµ√π¡‡∑’¬¡∑’Ë¡’

·À≈àß‚ª√µ’π®“°ª≈“ªÉπ∑¥·∑π‚ª√µ’ππ¡ 30 %

 Ÿµ√∑’Ë 11 πÈ”¡—π∂—Ë«‡À≈◊Õß 10 %„π Ÿµ√π¡

‡∑’¬¡∑’Ë¡’·À≈àß‚ª√µ’π®“°ª≈“ªÉπ∑¥·∑π‚ª√µ’ππ¡

30 %

 Ÿµ√∑’Ë 12 πÈ”¡—πª“≈å¡ 10 %„π Ÿµ√π¡‡∑’¬¡

∑’Ë¡’·À≈àß‚ª√µ’π®“°ª≈“ªÉπ∑¥·∑π‚ª√µ’ππ¡ 30 %

°“√À“§à“‡ªÕ√åÕÕ°‰´¥å‚¥¬™—Ëßµ—«Õ¬à“ßÕ“À“√

5.00 ± 0.05 °√—¡ ≈–≈“¬„π “√≈–≈“¬º ¡√–À«à“ß

glacial acetic acid ·≈– chloroform Õ—µ√“ à«π 2:3

‚¥¬ª√‘¡“µ√®”π«π 30 ¡≈. ‡µ‘¡ 0.5 ¡≈. ¢Õß KI

Õ‘Ë¡µ—«‡¢¬à“ 1 π“∑’ π”‰ª‡µ‘¡πÈ” 30 ¡≈. ·≈–πÈ”·ªÑß

1 % 0.5 ¡≈. ·≈â«π”‰ª‰µ‡µ√∑°—∫ standard sodium

thiosulphate (Na2S2O3) ®π°√–∑—Ëß‡ª≈’Ë¬π®“° ’

πÈ”‡ß‘π‡ªìπ‰¡à¡’ ’ ∫—π∑÷°ª√‘¡“≥ Na2S2O3 ∑’Ë„™â·≈â«

π”‰ªÀ“§à“‡ªÕ√åÕÕ°‰´¥å‚¥¬‡¢â“ ¡°“√ (AOAC, 1990)

§à“‡ªÕ√åÕÕ°‰´¥å (¡‘≈≈‘°√—¡ ¡¡Ÿ≈¬å/1°‘‚≈°√—¡

πÈ”¡—π) = S × N ×1000
W

S = ¡≈. ¢Õß Na2S2O3 ∑’Ë„™â

N = normality ¢Õß Na2S2O3

W = πÈ”Àπ—°¢ÕßπÈ”¡—π∑’Ë„™â

°“√∑¥≈Õß„™â·ºπ°“√∑¥≈Õß·∫∫ 3 × 4

factorial experiment in randomized complete block

design (RCBD) (®√—≠, 2523) ªí®®—¬·√°§◊Õ·À≈àß

‚ª√µ’π¡’ 3 ™π‘¥§◊Õ π¡, ·ªÑß∂—Ë«‡À≈◊Õß‰¢¡—π‡µÁ¡

·≈–ª≈“ªÉπ ªí®®—¬∑’Ë Õß§◊Õ·À≈àß¢Õß‰¢¡—π¡’ 4 ™π‘¥§◊Õ

‰¢¡—π‡π¬, ‰¢«—«, πÈ”¡—π∂—Ë«‡À≈◊Õß ·≈–πÈ”¡—πª“≈å¡

¡’∑—ÈßÀ¡¥ 12 treatment ·µà≈– treatment ¡’ 3 ´È”

° “ √«‘ ‡ § √ “ –Àå ¢â Õ¡Ÿ ≈·≈–°“√«‘ ‡ § √ “ –Àå

Õß§åª√–°Õ∫∑“ß‡§¡’„™â«‘∏’°“√‡™àπ‡¥’¬«°—∫°“√∑¥≈Õß

∑’Ë 1

º≈·≈–«‘®“√≥å

°“√∑¥≈Õß∑’Ë 1 : °“√„™â·À≈àß‚ª√µ’π®“°æ◊™·≈– —µ«å

1.  à«πª√–°Õ∫∑“ß‡§¡’

Õ“À“√∑¥≈Õß∑—Èß 5  Ÿµ√¡’ª√‘¡“≥‚ª√µ’π
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√«¡„°≈â‡§’¬ß°—π§◊Õ 22 % (Table 1) ´÷Ëß‡ªìπ√–¥—∫∑’Ë

‡æ’¬ßæÕµàÕ§«“¡µâÕß°“√¢Õß≈Ÿ°‚§ Counningham

et al. (1958) ·π–π”«à“π¡‡∑’¬¡§«√¡’‚ª√µ’π∑’Ë¡’

§ÿ≥¿“æ Ÿßª√–¡“≥ 20 % Lassiter et al. (1963)

√“¬ß“π«à“°“√‡®√‘≠‡µ‘∫‚µ®–¥’°«à“‡¡◊ËÕ„™â‚ª√µ’π√–¥—∫

23-25 %

ª√‘¡“≥‰¢¡—π¢ÕßÕ“À“√ Ÿµ√∑’Ë 1-4 Õ¬Ÿà„π™à«ß

12.83-15.56 % ¬°‡«âπ Ÿµ√∑’Ë 5 ¡’ª√‘¡“≥ 21.18 %

®÷ß‡ªìππ¡‡∑’¬¡‰¢¡—π Ÿß (Naylor, 1988) ≈Ÿ°‚§∑’Ë‰¥â

√—∫π¡‡∑’¬¡‰¢¡—π Ÿß®–¡’°“√‡®√‘≠‡µ‘∫‚µ‡√Á«°«à“·≈–

¡’Õ“°“√∑âÕß‡ ’¬πâÕ¬°«à“≈Ÿ°‚§∑’Ë‰¥â√—∫π¡‡∑’¬¡∑’Ë¡’‰¢

¡—πµË” (Wijayasinghe et al., 1984)

Õ“À“√ Ÿµ√∑’Ë 1, 2, 4 ·≈– 5 ¡’ª√‘¡“≥‡¬◊ËÕ„¬

Õ¬Ÿà„π™à«ß 0.28-0.54 % ¬°‡«âπ Ÿµ√∑’Ë 3 ¡’ª√‘¡“≥

‡¬◊ËÕ„¬‡©≈’Ë¬ 1.08 %  Ÿß°«à“∑’Ë·π–π” (Perry, 1984)

‡π◊ËÕß®“°°“°∂—Ë«‡À≈◊Õß‡ÕÁ°∑√Ÿ¥´å¡’ª√‘¡“≥‡¬◊ËÕ„¬ Ÿß

°«à“„π·À≈àß‚ª√µ’πÕ◊Ëπ Õ“À“√∑¥≈Õß∑—Èß 5  Ÿµ√¡’

ª√‘¡“≥‡∂â“Õ¬Ÿà„π™à«ß 7.01-8.59 %  Õ¥§≈âÕß°—π§”

·π–π”¢Õß Perry (1984)

ª√‘¡“≥·§≈‡´’¬¡·≈–øÕ øÕ√— ¢ÕßÕ“À“√¡’

§à“‡©≈’Ë¬‡∑à“°—∫ 0.85, 0.71, 0.73, 1.01, 0.70 ·≈– 0.64,

0.62, 0.65, 0.73, 0.66 % µ“¡≈”¥—∫‡æ’¬ßæÕµàÕ§«“¡

µâÕß°“√¢Õß≈Ÿ°‚§ (NRC, 1989)  Ÿµ√∑’Ë 4 ¡’ª√‘¡“≥

¢Õß·§≈‡´’¬¡·≈–øÕ øÕ√— ¡“°°«à“ Ÿµ√Õ◊ËπÊ

‡æ√“–·À≈àß‚ª√µ’π∑¥·∑ππ¡¡“®“°ª≈“ªÉπ ÷́Ëß¡’

·§≈‡´’¬¡·≈–øÕ øÕ√— ‡ªìπÕß§åª√–°Õ∫Õ¬Ÿà Ÿß

2. °“√≈–≈“¬‰¥â (solubility)

§à“°“√≈–≈“¬‰¥â‡©≈’Ë¬¢ÕßÕ“À“√∑¥≈Õß∑—Èß 5

 Ÿµ√∑’ËÕÿ≥À¿Ÿ¡‘ 30-90°C (Table 2, Figure 1)  Ÿµ√∑’Ë 1

Table 1 Ingredients and chemical composition of experimental diets.

Ingredients (%) Diet 1 Diet 2 Diet 3 Diet 4 Diet 5

Skim milk powder 54 33 33 27 27

Whey powder 34 37 37 50 35
Full fat soy flour - 18 - - -

Extruded soybean meal - - 18 - -

Fish meal - - - 11 -
Egg powder - - - - 20

Vegetable oil 10 10 10 10 10

Lecithin 1 1 1 1 1
Premix 1 1 1 1 1

Chemical composition (%)
Dry matter 89.04 88.83 88.50 88.28 89.47

Crude protien 22.46 22.44 22.46 22.45 22.32

Ether extract 12.83 15.56 14.70 13.35 21.18
Crude fiber 0.28 0.54 1.08 0.28 0.34

Ash 7.30 7.01 7.01 8.59 6.53

Calcium 0.85 0.71 0.73 1.01 0.70
Phosphorus 0.64 0.62 0.65 0.73 0.66
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‡ªìπÕ“À“√‡ª√’¬∫‡∑’¬∫¡’·À≈àß‚ª√µ’π®“°π¡ 100 %

¡’§à“°“√≈–≈“¬‰¥â Ÿß ÿ¥∑’Ë 50°C ‡©≈’Ë¬ 99.79 % πÈ”∑’Ë

Õÿ≥À¿Ÿ¡‘ Ÿß°«à“ 50°C §à“°“√≈–≈“¬‰¥â¡’·π«‚πâ¡≈¥

Figure 1 Solubility value of experimental diets

in various water temperature.
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≈ß  Ÿµ√∑’Ë 2 ‡ªìπ Ÿµ√π¡‡∑’¬¡∑’Ë„™â‚ª√µ’π®“°·ªÑß∂—Ë«

‡À≈◊Õß‰¢¡—π‡µÁ¡∑¥·∑π‚ª√µ’ππ¡ 30% ¡’§à“°“√

≈–≈“¬ Ÿß ÿ¥∑’ËÕÿ≥À¿Ÿ¡‘ 40°C ‡©≈’Ë¬ 97.74% §à“°“√

≈–≈“¬‰¥â¡’·π«‚πâ¡≈¥≈ß‡¡◊ËÕÕÿ≥À¿Ÿ¡‘¢ÕßπÈ” Ÿß¢÷Èπ

 Ÿµ√∑’Ë 3 „™â‚ª√µ’π®“°°“°∂—Ë«‡À≈◊Õß ‡ÕÁ°∑√Ÿ¥´å∑¥·∑π

‚ª√µ’ππ¡ 30% æ∫«à“¡’§à“°“√≈–≈“¬‰¥â Ÿß ÿ¥∑’ËÕÿ≥À¿Ÿ¡‘

30 ·≈– 90°C ‡©≈’Ë¬ 90.52 ·≈– 90.80% µ“¡≈”¥—∫

 Ÿµ√∑’Ë 4 „™â‚ª√µ’π®“°ª≈“ªÉπ∑¥·∑π‚ª√µ’ππ¡ 30%

¡’§à“°“√≈–≈“¬‰¥â Ÿß ÿ¥∑’Ë 30°C ‡©≈’Ë¬ 95.73% §à“

°“√≈–≈“¬‰¥â®–≈¥≈ß‡√◊ËÕ¬Ê ‡¡◊ËÕ≈–≈“¬„ππÈ”∑’ËÕÿ≥À¿Ÿ¡‘

 Ÿß¢÷Èπ  Ÿµ√∑’Ë 5 „™â‚ª√µ’π®“°‰¢à·¥ßºß∑¥·∑π

‚ª√µ’ππ¡ 30% æ∫«à“¡’§à“°“√≈–≈“¬‰¥â Ÿß ÿ¥∑’Ë 30°C

‡©≈’Ë¬ 96.29%

°“√≈–≈“¬‰¥â¢Õßπ¡‡∑’¬¡·µà≈– Ÿµ√∑’Ë

Õÿ≥À¿Ÿ¡‘¢ÕßπÈ”µà“ßÊ°—π (Table 3) æ∫«à“ Ÿµ√π¡‡∑’¬¡

Õÿ≥À¿Ÿ¡‘πÈ” ·≈–Õ‘∑∏‘æ≈√à«¡√–À«à“ß Ÿµ√π¡‡∑’¬¡

·≈–Õÿ≥À¿Ÿ¡‘πÈ” ¡’º≈µàÕ°“√≈–≈“¬‰¥â (P<0.05)  Ÿµ√∑’Ë

1 (‚ª√µ’π 100%) ·≈– Ÿµ√∑’Ë 5 ¡’§à“°“√≈–≈“¬‰¥â

 Ÿß ÿ¥‡©≈’Ë¬ 93.77 ·≈– 93.94 % µ“¡≈”¥—∫ (P>0.05)

√Õß≈ß¡“§◊Õ Ÿµ√∑’Ë 2 ¡’§«“¡ “¡“√∂≈–≈“¬‰¥â¥’°«à“

 Ÿµ√∑’Ë 4 (P<0.05) ‡©≈’Ë¬ 91.67 ·≈– 89.44 % µ“¡≈”¥—∫

‡π◊ËÕß®“°ª≈“ªÉπ∑’Ë„™â≈–≈“¬„ππÈ”‰¥âπâÕ¬°«à“·ªÑß

∂—Ë«‡À≈◊Õß‰¢¡—π‡µÁ¡  Ÿµ√∑’Ë 3 ¡’§«“¡ “¡“√∂„π°“√

≈–≈“¬‰¥âµË” ÿ¥ 86.80 % ·µ°µà“ß®“° Ÿµ√Õ◊Ëπ Ê (P<0.05)

‡æ√“–°“°∂—Ë«‡À≈◊Õß‡ÕÁ°∑√Ÿ¥´å∑’Ë„™â¡’≈—°…≥–‰¡à‡ªìπºß

®÷ß‰¡à “¡“√∂≈–≈“¬πÈ”‰¥â ·≈–¡’°“√µ°µ–°ÕπÕ¬Ÿà∑’Ë

°âπ¿“™π–

º≈¢ÕßÕÿ≥À¿Ÿ¡‘µàÕ°“√≈–≈“¬‰¥â æ∫«à“

Õÿ≥À¿Ÿ¡‘¢ÕßπÈ”∑’ËÕÿ≥¿Ÿ¡‘ 30, 40 ·≈– 50°C  “¡“√∂

∑”„Àâπ¡‡∑’¬¡¡’°“√≈–≈“¬‰¥â‡©≈’Ë¬ 95.79, 95.10 ·≈–

94.24 % µ“¡≈”¥—∫ (P>0.05) ·µà Ÿß°«à“°“√≈–≈“¬‰¥â∑’Ë

Õÿ≥À¿Ÿ¡‘πÈ” 60-90°C (P<0.05)
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Table 2 Solubility value of experimental diets in various water temperature.

Experimental Water temperature (°C )

diets 30 40 50 60 70 80 90

Diet 1 97.88 98.62 99.79 93.19 93.73 89.55 83.66

Diet 2 96.58 97.74 97.07 94.11 90.44 86.74 78.05

Diet 3 90.52 86.43 85.66 81.70 83.08 89.38 90.80
Diet 4 95.73 94.88 92.39 87.50 87.09 87.26 81.22

Diet 5 98.04 97.82 96.29 92.06 92.29 92.72 93.37

Table 3 Effects of experimental diets and water temperature on solubility value.

Effects of Solubility value (%)

Experimental diets

Diet 1 93.77a

Diet 2 91.67b

Diet 3 86.80d

Diet 4 89.44c

Diet 5 93.94a

Water temperature (°C)

30 95.79a

40 95.10a

50 94.24a

60 89.71b

70 89.33b

80 88.13b

90 85.57c

a,b,c Mean in the column bearing different superscripts differ significantly (P<0.05)

°“√∑¥≈Õß∑’Ë 2 : °“√„™â·À≈àß‰¢¡—π™π‘¥µà“ßÊ

1.  à«πª√–°Õ∫∑“ß‡§¡’

Õ“À“√∑¥≈Õß∑—Èß 12  Ÿµ√¡’ª√‘¡“≥¢Õß«—µ∂ÿ

·Àâß ·≈–‚ª√µ’π√«¡„°≈â‡§’¬ß°—π ª√‘¡“≥‰¢¡—π„π

 Ÿµ√∑’Ë„™â ‰¢¡—π‡π¬¡’§à“ ether extract  Ÿß ÿ¥ √Õß≈ß

¡“§◊Õ Ÿµ√∑’Ë„™â‰¢¡—π®“°πÈ”¡—πæ◊™ ·≈–µË” ÿ¥„π Ÿµ√

∑’Ë„™â‰¢«—« (Table 4)  Ÿµ√∑’Ë„™â‚ª√µ’π®“°·ªÑß

∂—Ë«‡À≈◊Õß‰¢¡—π‡µÁ¡ ®–¡’‰¢¡—π‡©≈’Ë¬‚¥¬√«¡ Ÿß°«à“

 Ÿµ√∑’Ë„™â·À≈àß‚ª√µ’π®“°ª≈“ªÉπ ·≈–‚ª√µ’π®“°

π¡µ“¡≈”¥—∫ ‡π◊ËÕß®“°„π·ªÑß∂—Ë«‡À≈◊Õß‰¢¡—π‡µÁ¡¡’

ª√‘¡“≥¢Õß‰¢¡—π‡ªìπÕß§åª√–°Õ∫ Ÿß°«à“‚ª√µ’π

®“°ª≈“ªÉπ·≈–‚ª√µ’ππ¡
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2. §à“‡ªÕ√åÕÕ°‰´¥å

Õ“À“√∑¥≈Õß∑—Èß 12  Ÿµ√¡’§à“‡ªÕ√åÕÕ°‰´¥å

‡©≈’Ë¬∑—Èß 16  —ª¥“Àå¥—ß· ¥ß„π Table 5 ∑ÿ° Ÿµ√®–

¡’·π«‚πâ¡¢Õß§à“‡ªÕ√åÕÕ°‰´¥å‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ¡’Õ“¬ÿ°“√

‡°Á∫‡æ‘Ë¡¢÷Èπ „π™à«ß —ª¥“Àå∑’Ë 5-11 ¡’ª√‘¡“≥‡ªÕ√å-

ÕÕ°‰´¥å‡æ‘Ë¡„πª√‘¡“≥∑’ËπâÕ¬¡“° Õ“®‡ªìπº≈‡π◊ËÕß

¡“®“°„π™à«ßπ’ÈÕÿ≥À¿Ÿ¡‘¢ÕßÕ“°“»≈¥≈ß (®“° 26°C

‡ªìπ 23°C ) ∑”„Àâ§«“¡√âÕπ´÷Ëß‡ªìπªí®®—¬Àπ÷Ëß„π°“√

‡√àßªØ‘°‘√‘¬“ oxidation ¡’º≈‡√àßªØ‘°‘√‘¬“°“√À◊π≈¥≈ß

(»»‘‡°…¡·≈–æ√√≥’, 2530 ; Pearson, 1976)  Ÿµ√∑’Ë 3,

7 ·≈– 11 ¡’§à“‡ªÕ√åÕÕ°‰´¥å‡°‘π¡“µ√∞“π∑’Ë°”Àπ¥

(§◊Õ 10 ¡‘≈≈‘°√—¡ ¡¡Ÿ≈¬å/ 1000 °√—¡πÈ”¡—π) „π —ª¥“Àå∑’Ë

11 ‡©≈’Ë¬‡∑à“°—∫ 10.25, 10.64 ·≈– 11.44 ¡‘≈≈‘°√—¡

 ¡¡Ÿ≈¬å/ 1000 °√—¡πÈ”¡—πµ“¡≈”¥—∫  Ÿµ√∑’Ë 12 ¡’§à“

‡ªÕ√åÕÕ°‰´¥å‡°‘π¡“µ√∞“π∑’Ë°”Àπ¥„π —ª¥“Àå∑’Ë 12

‡©≈’Ë¬‡∑à“°—∫ 10.75 ¡‘≈≈‘°√—¡ ¡¡Ÿ≈¬å/ 1000 °√—¡πÈ”¡—π

 Ÿµ√∑’Ë 4, 8, 9 ·≈– 10 ¡’§à“‡ªÕ√åÕÕ°‰´¥å‡°‘π

¡“µ√∞“π∑’Ë°”Àπ¥„π —ª¥“Àå∑’Ë 13 ‡©≈’Ë¬‡∑à“°—∫ 10.34,

12.12, 11.26 ·≈– 10.52 ¡‘≈≈‘°√—¡ ¡¡Ÿ≈¬å/ 1000

°√—¡πÈ”¡—πµ“¡≈”¥—∫ ∑’Ë 14  —ª¥“Àå Õ“À“√∑¥≈Õß

∑—ÈßÀ¡¥¡’§à“‡ªÕ√åÕÕ°‰´¥å‡©≈’Ë¬‡°‘π¡“µ√∞“π∑’Ë°”Àπ¥

 Ÿµ√∑’Ë 11 ¡’§à“‡ªÕ√åÕÕ°‰´¥å‡æ‘Ë¡ Ÿß ÿ¥ ·≈– Ÿµ√∑’Ë 2

¡’§à“‡ªÕ√åÕÕ°‰´¥å‡æ‘Ë¡µË” ÿ¥

º≈¢Õß·À≈àß‚ª√µ’π·≈–‰¢¡—πµàÕª√‘¡“≥§à“

‡ªÕ√åÕÕ°‰´¥å∑’Ë«—¥‰¥â· ¥ß‰«â„π Table 6 æ∫«à“„π

 —ª¥“Àå∑’Ë 1-4 ·À≈àß¢Õß‰¢¡—π¡’Õ‘∑∏‘æ≈µàÕ°“√‡æ‘Ë¡

¢Õß§à“‡ªÕ√åÕÕ°‰´¥å(P<0.05)  à«π·À≈àß¢Õß‚ª√µ’π

·≈–‚ª√µ’π√à«¡°—∫‰¢¡—π‰¡à¡’Õ‘∑∏‘æ≈µàÕ°“√‡æ‘Ë¡¢Õß

Table 4 Ingredients and chemical composition of experimental diets.

Diet 1 2 3 4 5 6 7 8 9 10 11 12

SM 54 54 54 54 33 33 33 33 27 27 27 27

W 34 34 34 34 37 37 37 37 50 50 50 50

SF - - - - 18 18 18 18 - - - -
FM - - - - - - - - 11 11 11 11

BF 10 - - - 10 - - - 10 - - -

T - 10 - - - 10 - - - 10 - -
SBO - - 10 - - - 10 - - - 10 -

PO - - - 10 - - - 10 - - - 10

L 1 1 1 1 1 1 1 1 1 1 1 1
P 1 1 1 1 1 1 1 1 1 1 1 1

Chemical composition (%)
 DM 90.12 89.98 89.75 89.75 90.87 90.05 90.21 90.08 90.55 89.34 89.42 89.59

 CP 23.04 22.58 22.46 22.40 22.83 22.43 22.59 22.60 22.45 22.07 22.43 22.49

 EE 13.35 10.72 12.83 11.49 17.09 14.44 15.56 15.23 14.00 11.35 13.35 12.14

SM = skim milk powder , W = whey powder, SF = full fat soy flour, FM = fish meal, BF = butter fat T = tallow SBO
= soya bean oil, PO =palm oil, L = lecithin, P = premix, DM = dry matter,CP = crude protein, EE = ether extract
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Table 5 Peroxide value (millequivalent /oil 1,000 g) of experimental diets at 0-16 weeks of age.

Week Experimental diets

1 2 3 4 5 6 7 8 9 10 11 12

0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0 0 0 0 0

2 1.45 0 2.8 2 1.45 1.37 2.98 2.17 1.88 1.66 3.22 2.46
3 2.26 1.77 3.08 2.67 2.15 1.82 3.19 2.82 2.83 2.61 3.44 3.23

4 2.84 2.47 5.13 4.02 3.32 2.74 5.53 4.33 3.28 2.88 3.92 3.77

5 3.44 3.08 5.64 4.6 5.02 4.11 7.17 5.62 5.16 4.09 7.39 5.97
6 4 3.7 6.66 5.17 6.16 4.57 8.44 6.92 6.1 5.25 8.37 7.03

7 4.82 4.22 7.18 5.74 6.98 5.02 9.33 7.38 6.57 6.43 9.31 8.69

8 5.07 4.22 7.43 5.75 6.9 5.25 9.53 7.38 7.04 6.14 9.66 8.69
9 5.07 4.53 8.2 6.32 6.98 5.25 9.79 7.79 7.04 6.43 9.91 8.69

10 5.29 4.74 9.23 6.9 7.34 5.48 9.79 8.22 7.51 7.01 9.91 9.19

11 6.37 5.98 10.25 8.05 7.34 6.39 10.64 9.09 8.45 8.18 11.44 9.68
12 7.84 6.69 11.28 9.19 8.05 7.69 11.92 9.52 9.39 9.35 14.42 10.75

13 8.82 8.03 15.38 10.34 9.96 9.02 16.46 12.12 11.26 10.52 18.9 14.51

14 10.78 10.49 20 18.96 13.79 13.7 23.63 22.07 20.66 14.88 29.85 26.34
15 16.04 15.43 31.28 27.59 25.06 21.46 32.49 29.87 26.76 25.15 34.78 31.18

16 20.59 18.52 37.95 32.18 29.24 26.83 40.93 36.79 30.05 29.82 43.97 38.17

Table 6 Effects of protein and fat sources on peroxide value (millequivalent/oil 1,000 g) at various

storage ages.

Storage age (week)

Effects of 1-4 5-8 9-12 13-16

Protein sources

Milk protein 1.85b 5.05c 7.20c 18.59c

Soybean protein 2.12a 6.61b 8.21b 22.94b

Fish protein 2.20a 7.01a 9.21a 25.43a

Fat sources

Butter fat 1.71c 5.62c 7.22c 18.89c

Tallow 1.44c 4.67d 6.478d 16.96d

Soya bean oil 2.78a 8.01a 10.50a 28.80a

Palm oil 2.29b 6.58b 8.62b 24.63b

a,b,c,d Mean in the column bearing different superscripts differ significantly (P<0.05)
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§à“‡ªÕ√åÕÕ°‰´¥å (P>0.05) „π™à«ßÕ“¬ÿ°“√‡°Á∫∑’Ë 4-8,

9-12 ·≈– 13-16  —ª¥“Àå ·À≈àß¢Õß‚ª√µ’π·≈–

‰¢¡—π¡’º≈µàÕ°“√‡æ‘Ë¡§à“‡ªÕ√åÕÕ°‰´¥å(P<0.05) ·µà

Õ‘∑∏‘æ≈√à«¡√–À«à“ß·À≈àß‚ª√µ’π·≈–‰¢¡—π‰¡à¡’º≈

µàÕ°“√‡æ‘Ë¡§à“‡ªÕ√åÕÕ°‰´¥å (P>0.05) ·≈–„π∑ÿ°™à«ß

Õ“¬ÿ°“√‡°Á∫æ∫«à“√–¬–‡«≈“¡’º≈µàÕ°“√‡æ‘Ë¡§à“‡ªÕ√å-

ÕÕ°‰´¥å„πÕ“À“√∑¥≈Õß (P<0.05)

„π Ÿµ√π¡‡∑’¬¡∑’Ë¡’·À≈àß‚ª√µ’π®“°π¡ ·ªÑß

∂—Ë«‡À≈◊Õß‰¢¡—π‡µÁ¡ ·≈–ª≈“ªÉπ ¡’ª√‘¡“≥‡ªÕ√å

ÕÕ°‰´¥å∑’Ëµ√«®æ∫¡“°‡ªìπÕ—π¥—∫∑’Ë 3, 2 ·≈– 1

µ“¡≈”¥—∫ ∑ÿ°™à«ßÕ“¬ÿ „π™à«ß 1-4  —ª¥“Àå §à“‡ªÕ√å

ÕÕ°‰´¥å∑’Ëµ√«®æ∫„π Ÿµ√∑’Ë¡’ª≈“ªÉπ ·≈–·ªÑß

∂—Ë«‡À≈◊Õß‰¢¡—π‡µÁ¡‡ªìπ·À≈àß‚ª√µ’π‰¡à·µ°µà“ß°—π

(P>0.05) ·≈– Ÿß°«à“ Ÿµ√∑’Ë„™â‚ª√µ’π®“°π¡ (P<0.05)

Õ“¬ÿ°“√‡°Á∫∑’Ë 5-8, 9-12 ·≈– 13-16  —ª¥“Àå Ÿµ√∑’Ë¡’

‚ª√µ’π®“°ª≈“ªÉπ¡’§à“‡ªÕ√åÕÕ°‰´¥å Ÿß°«à“ Ÿµ√∑’Ë¡’

·ªÑß∂—Ë«‡À≈◊Õß‰¢¡—π‡µÁ¡·≈–π¡‡ªìπ·À≈àß‚ª√µ’π

(P<0.05) ·≈– Ÿµ√∑’Ë„™â‚ª√µ’π®“°·ªÑß∂—Ë«‡À≈◊Õß

‰¢¡—π‡µÁ¡¡’§à“‡ªÕ√åÕÕ°‰´¥å Ÿß°«à“ Ÿµ√∑’Ë„™â‚ª√µ’π

®“°π¡Õ¬à“ß‡¥’¬« (P<0.05) ®–‡ÀÁπ«à“Õ“À“√∑¥≈Õß∑’Ë

¡’·À≈àß‚ª√µ’π®“°ª≈“ªÉπ ®–¡’§à“‡ªÕ√åÕÕ°‰´¥å Ÿß

°«à“ Ÿµ√Õ◊ËπÊ Õ“®‡ªìπ‡æ√“–„πª≈“ªÉπ¡’‡°≈◊Õ´÷Ëß¡’

§ÿ≥ ¡∫—µ‘‡ªìπµ—«‡√àßªØ‘°‘√‘¬“ÕÕ° ‘́‡¥™—Ëπ (Emmanue and

Lyaskovskaya, 1967) Õ¬Ÿà„πª√‘¡“≥∑’Ë Ÿß°«à“·À≈àß

‚ª√µ’πÕ◊Ëπ ‚¥¬ª≈“ªÉπ, ∂—Ë«‡À≈◊Õß ·≈–À“ßπ¡ºß ¡’

‡°≈◊Õ‡©≈’Ë¬ 0.95, 0.02 ·≈– 0.45 ‡ªÕ√å‡´Áπµåµ“¡≈”¥—∫

(NRC, 1989)

„π Ÿµ√π¡‡∑’¬¡∑’Ë„™â·À≈àß‰¢¡—π®“° πÈ”¡—π

∂—Ë«‡À≈◊Õß πÈ”¡—πª“≈å¡ ‰¢¡—π‡π¬ ·≈–‰¢«—« ¡’ª√‘¡“≥

‡ªÕ√åÕÕ°‰´¥å¡“‡ªìπÕ—π¥—∫ 1, 2, 3 ·≈– 4 µ“¡≈”¥—∫

(P<0.05) ∑ÿ°™à«ßÕ“¬ÿ¬°‡«âπ∑’ËÕ“¬ÿ°“√‡°Á∫ 1-4  —ª¥“Àå

´÷Ëß Ÿµ√∑’Ë„™â‰¢¡—π‡π¬·≈–‰¢«—«¡’§à“‡ªÕ√åÕÕ°‰´¥å‰¡à

·µ°µà“ß°—π (P>0.05) ®–‡ÀÁπ«à“ Ÿµ√∑’Ë„™âπÈ”¡—π

∂—Ë«‡À≈◊Õß‡ªìπ·À≈àß‰¢¡—π‡°‘¥°“√À◊π‡√Á« ÿ¥ √Õß≈ß¡“

§◊Õ Ÿµ√∑’Ë„™âπÈ”¡—πª“≈å¡ ‰¢¡—π‡π¬ ·≈–‰¢«—« µ“¡

≈”¥—∫ Õ“®‡ªìπ‡æ√“–πÈ”¡—π∂—Ë«‡À≈◊Õß¡’°√¥‰¢¡—π∑’Ë‰¡à

Õ‘Ë¡µ—«Õ¬Ÿà Ÿß ‡¡◊ËÕ‡∑’¬∫°—∫πÈ”¡—πª“≈å¡ ‰¢¡—π‡π¬ ·≈–

‰¢«—« ÷́Ëß¡’§à“‡©≈’Ë¬‡∑à“°—∫ 81.2, 46.3, 26.4 ·≈– 46.5

°√—¡/100 °√—¡µ“¡≈”¥—∫ (»»‘‡°…¡·≈–æ√√≥’, 2530)

»‘√‘≈—°…≥å (2522) √“¬ß“π«à“‚§√ß √â“ß¢Õß°√¥‰¢¡—π

¡’º≈µàÕÕ—µ√“°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—Ëπ (∑”„Àâ‡°‘¥

°“√À◊π) ‰¢¡—π∑’Ë¡’°√¥‰¢¡—π™π‘¥‰¡àÕ‘Ë¡µ—«À≈“¬®ÿ¥

®–‡°‘¥ªØ‘°‘√‘¬“π’È‰¥â‡√Á«°«à“·≈–ßà“¬°«à“‰¢¡—π∑’Ë¡’°√¥

‰¢¡—π‰¡àÕ‘Ë¡µ—«µË”

‰¢¡—π‡π¬¡’°√¥‰¢¡—π‰¡àÕ‘Ë¡µ—«µË”°«à“‰¢«—«

·µà§à“‡ªÕ√åÕÕ°‰´¥å∑’Ë«—¥‰¥â¡’·π«‚πâ¡„°≈â‡§’¬ß°—π

Õ“®‡ªìπ‡æ√“–‰¢¡—π‡π¬„Àâª√‘¡“≥‰¢¡—π√«¡„π Ÿµ√

Õ“À“√ Ÿß°«à“‰¢«—« ¡’º≈∑”„Àâª√‘¡“≥°√¥‰¢¡—π‰¡à

Õ‘Ë¡µ—«‡æ‘Ë¡¢÷ÈπÕ¬Ÿà„π√–¥—∫∑’Ë„°≈â‡§’¬ß°—π°—∫ Ÿµ√∑’Ë„™â‰¢«—«

πÈ”¡—πª“≈å¡·≈–‰¢¡—π‡π¬¡’°√¥‰¢¡—π‰¡àÕ‘Ë¡µ—«„π

ª√‘¡“≥∑’Ë‡∑à“°—π§◊Õ 46.3 ·≈– 46.5 °√—¡/100 °√—¡

µ“¡≈”¥—∫ ·µàæ∫«à“ Ÿµ√∑’Ë„™âπÈ”¡—πª“≈å¡‡ªìπ·À≈àß

‰¢¡—π¡’§à“‡ªÕ√åÕÕ°‰´¥å Ÿß°«à“ Õ“®‡ªìπ‡æ√“–„π

πÈ”¡—πª“≈å¡¡’°√¥‰¢¡—πÕ‘ √– (oleic)  Ÿß°«à“‰¢¡—π

‡π¬‡©≈’Ë¬‡∑à“°—∫ 36.6 ·≈– 20.4 °√—¡/ 100 °√—¡µ“¡

≈”¥—∫ (»»‘‡°…¡·≈–æ√√≥’, 2530) ‰¢¡—π∑’Ë¡’°√¥

‰¢¡—πÕ‘ √– Ÿß®–∑”„Àâ‡°‘¥°“√‡ ◊ËÕ¡ ¿“æ‰¥âßà“¬

(‡¬“«≈—°…≥å, 2536)

 √ÿª

1. ™π‘¥¢Õß·À≈àß‚ª√µ’π∑’Ë„™â„π Ÿµ√π¡

‡∑’¬¡¡’º≈µàÕ°“√≈–≈“¬‰¥â  Ÿµ√∑’Ë 5 „™â‰¢àºß∑¥·∑π

‚ª√µ’ππ¡ 30 % ¡’°“√≈–≈“¬‰¥â‰¡à·µ°µà“ß (P>0.05)

°—∫ Ÿµ√∑’Ë 1 ( Ÿµ√‡ª√’¬∫‡∑’¬∫, ‡©≈’Ë¬ 93.77 %) ·≈–

¡’°“√≈–≈“¬‰¥â¥’°«à“ Ÿµ√∑’Ë 2, 3 ·≈– 4 (P<0.05)

2. º≈¢ÕßÕÿ≥À¿Ÿ¡‘πÈ”µàÕ°“√≈–≈“¬‰¥â¢Õß

 Ÿµ√π¡‡∑’¬¡æ∫«à“∑’ËÕÿ≥À¿Ÿ¡‘ 30-50°C ¡’§à“°“√
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≈–≈“¬‰¥â‰¡à·µ°µà“ß°—π ·≈– Ÿß°«à“∑’ËÕÿ≥À¿Ÿ¡‘ 60-90°

C (P<0.05)

3.  Ÿµ√π¡‡∑’¬¡∑’Ë¡’·À≈àß‚ª√µ’π®“°ª≈“ªÉπ

√«¡°—∫‚ª√µ’π®“°π¡®–‡°‘¥°“√À◊π‡√Á« ÿ¥ √Õß≈ß¡“

§◊Õ Ÿµ√∑’Ë¡’·À≈àß‚ª√µ’π®“°∂—Ë«‡À≈◊Õß√à«¡°—∫‚ª√µ’π

®“°π¡ ·≈– Ÿµ√∑’Ë¡’·À≈àß‚ª√µ’π®“°π¡Õ¬à“ß‡¥’¬«

‡°‘¥°“√À◊π™â“ ÿ¥

4.  Ÿµ√π¡‡∑’¬¡∑’Ë¡’πÈ”¡—π∂—Ë«‡À≈◊Õß‡ªìπ·À≈àß

‰¢¡—π‡°‘¥°“√À◊π‡√Á« ÿ¥ √Õß≈ß¡“§◊Õ Ÿµ√∑’Ë„™âπÈ”¡—π

ª“≈å¡ ‰¢¡—π‡π¬ ·≈–‰¢«—« µ“¡≈”¥—∫ ‚¥¬‰¢¡—π∑—Èß 4

™π‘¥¡’º≈µàÕ°“√‡æ‘Ë¡§à“‡ªÕ√åÕÕ°‰´¥å·µ°µà“ß°—π

(P<0.05)

5. §à“‡ªÕ√åÕÕ°‰´¥å®–‡æ‘Ë¡¢÷Èπ‡¡◊ËÕÕ“¬ÿ°“√‡°Á∫

¡“°¢÷Èπ  Ÿµ√∑’Ë 12 ¡’·À≈àß‚ª√µ’π®“°π¡ 70% ·≈–

ª≈“ªÉπ 30% „™âπÈ”¡—π∂—Ë«‡À≈◊Õß‡ªìπ·À≈àß‰¢¡—π ®–

¡’§à“‡ªÕ√åÕÕ°‰´¥å‡æ‘Ë¡¢÷Èπ Ÿß ÿ¥ ·≈– Ÿµ√∑’Ë 2 ¡’

·À≈àß‚ª√µ’π®“°π¡Õ¬à“ß‡¥’¬« ·≈–„™â‰¢«—«‡ªìπ

·À≈àß‰¢¡—π ¡’§à“‡ªÕ√åÕÕ°‰´¥å‡æ‘Ë¡µË” ÿ¥

¢âÕ‡ πÕ·π–

·À≈àß¢Õß‚ª√µ’π∑’Ë„™â∑¥·∑π¡’º≈∑”„Àâ°“√

≈–≈“¬‰¥â¢Õß Ÿµ√π¡‡∑’¬¡·µ°µà“ß°—π ‡æ√“–©–π—Èπ

°“√π” Ÿµ√π¡‡∑’¬¡‰ª„™â ‡≈’È¬ß≈Ÿ°‚§®÷ß§«√∑’Ë®–

æ‘®“√≥“§ÿ≥ ¡∫—µ‘„π°“√≈–≈“¬·≈–·À≈àß‚ª√µ’π∑’Ë

„™â„Àâ‡À¡“– ¡°—∫√–∫∫°“√¬àÕ¬¢Õß≈Ÿ°‚§¥â«¬ „π

°“√∑¥≈Õßπ’È Ÿµ√π¡‡∑’¬¡∑’Ë¡’·À≈àß‚ª√µ’π®“°π¡

≈â«π¡’§«“¡‡À¡“– ¡∑’Ë®–„™â‡≈’È¬ß≈Ÿ°‚§„π™à«ßÕ“¬ÿ 4

 —ª¥“Àå·√°¡“°∑’Ë ÿ¥ ‡π◊ËÕß®“°¡’§«“¡ “¡“√∂„π°“√

≈–≈“¬‰¥â Ÿß ÿ¥ ·≈–„π°√–‡æ“–·∑â¢Õß≈Ÿ°‚§¡’

 ¿“«–∑’Ë‡À¡“– ¡µàÕ°“√∑”ß“π¢Õß‡ÕÁπ‰´¡å ”À√—∫

¬àÕ¬‚ª√µ’ππ¡¡“°∑’Ë ÿ¥

‡Õ° “√Õâ“ßÕ‘ß
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