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ABSTRACT

Five experiments were conducted to evaluate the effect of dietary supplemental folic acid(FA)
in starting broiler chicks, In the first two experiments, basal diets based on corn and soybean meal
contained 0.6 mg/kg FA but no supplemental methionine or choline. At 18 d of age, chicks
showed curvilinear responses to folic acid supplementation with maximum growth and feed
efficiencies at 1.45 mg /kg FA diet. The liver FA response was also curvilinear but reached a pla-
teau at 1.70 mg /kg FA diet.

The basal diet for 3 additional experiments contained soybean meal that had been washed with
methanol to remove most of the choline. The diet contained only 0.6 mg /kg folic acid and 754
mg /kg choline. Chicks exhibited a larger growth response to folic acid at low choline levels as
evidenced by a significant FA X choline interaction. FA supplementation increased but then
decreased valgus leg deformity. Choline supplementation also decreased the incidences of valgus
and varus leg deformities and decreased bone ash and increased the incidence of tibial
dyschondroplasia. It is concluded that chicks fed diets based on practical ingredients require from
1.45 to 1.70 mg /kg FA diet and also 1.60 mg/kg FA when choline is offered near the NRC
recommended level of 1,300 mg /kg.
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Table 1. Basal diet compositions of Experiment

land 2
Ingredients %
Corn 49,04
Wheat middlings 15.00
Fish meal 14.22
Soybean meal 12.00
Poultry fat 5.42
Corn gluten meal 3.00
Limestone 0.62
Salt 0.40
Vitamin premix! 0.25
Mineral premix? 0.05
Composition estimated from basal diet:
ME (kcal /kg) 3200
Crude protein (g /kg) 230
Methionine+4cysteine (g /kg) 8.74
Choline (g /kg) 1.22
Folic acid (mg /kg) 0.70

! Vitamin premix provides in milligram per kilogram
of diet: vitamin A (as all-trans-retinyl acetate),
5500 1U; vitamin E, 11 IU; menadione{as mena-
dione sodium bisulfite), 1.1; vitamin Ds;, 1100
ICU; riboflavin, 4.4; vitamin By, 10 pg; vit-
amin B, 3.0; thiamin (as thiamin mononi-
trate), 2.2; biotin, 0.3; ethoxyquin, 125.

2 Mineral premix provides in milligram per
kilogram of diet; Mn, 120; Zn, 100; Fe, 60;
Cu, 10; I, 2.10; Se, 0.1; Ca, 150 (minimum),
180(maximum).
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Table 2. Basal diet compositions of Experiment

3,4and 5

Ingredients %
Corn 57.89
Soybean meal 27.53
Corn gluten meal 7.11
Poultry fat 3.89
Dicalcium phosphate 1.79
Limestone 1.14
Salt 0.40
L-lysine HCI 0.15
Mineral premix! 0.05
Vitamin premix?® 0.05

Composition estimated from basal diet ;
ME (kcal /kg) 3200
Crude protein (g /kg) 230
Methionine + cysteine (g /kg) 8.16
Choline (g /kg) 0.754
Folic acid (mg /kg) 0.60

! Mineral premix provides in milligram per kilogram
of diet: Mn, 60; Zn, 50: Fe, 30; Cu, 5; I, 1.5; Se
(as sodium selenite), 0.1

2 Vitamin premix provides per kilogram of diet: vit-
amin A, 5500 IU; vitamin Ds;, 1100 ICU: vitamin
E, 11 IU; riboflavin, 4.4mg; vitamin Bj,, 12mg
(as calcium pantothenate); nicotinic acid,

44mg; menadione, 1.1mg (as menadione so-

dium bisulfite) ; biotin, (as menadione sodium
bisulfite); biotin, 0.11mg; thiamin(as thiamin
mononitrate), 2.2mg; ethoxyquin, 125mg.
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Table 3. Dietary supplemental folic acid (FA) on the body weight gain (g), gain /feed (g /g), liver and

blood folic acid of broiler chickens

Weight gain Gain /feed Total folic acid
Folic acid = = :
Exp1 Exp 2 x Exp1 Exp 2 x Liver Blood
(mg /kg) B - S T g/g e e ug /100g -+
0.70 510 569 540 0.728 0.704 0.716 441 3.65
0.95 531 568 550 0.746 0.714 0.730 569 4.22
1.20 532 579 555 0.738 0.726 0.732 748 4.98
1.45 546 606 576 0.729 0.744 0.737 877 5.12
1.70 532 591 562 0.730 0.739 0.735 952 5.15
1.95 520 560 540 0.727 0.711 0.719 964 5.56
2.20 511 563 537 0.717 0.710 0.714 952 5.55
Pooled SE 6 10 12 0.011 0.016 0.010 40 0.89

Regression df

Folicacid 1  0.566 0.775 0.605
FAXFA 1 <.001 0.035 0.001

0.217 0.770 0.612 <.001 0.065
0.412 0.060 0.044 <.001 0.536

Parameters e
Intercept 512.3 562.2 537.3

Folic acid 74.1 75.9 75.0
FA x FA —51.3 —52.6 —-51.9
Intercept <.001 <.001 <.001
Folic acid <.001 0.049 0.022
FA X FA <.001 0.035 0.014

Parameter etimates et et e
0.734 0.701 0.717 414.7 3.715
0.015 0.088 0.051 908.0 2.531

-0.018 —0.066 —0.037 —375.5 0.894

Probabilities
<.001 <.001 <.001 <.001 <.001
0.656 0.059 0.070 <.001 0.265
0.412 0.060 0.044 <.001 0.536
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Table 4. Effects of dietary supplemental folic acid and choline on the body weight gain (BWG; g) and
gain /feed(g /g) of broiler chicks (Exp. 3, 4, 5)

Folic acid (mg /kg)

Choline Exp. No. — —
0 0.5 1.0 x 0 0.5 1.0 x
BWG(g) ereeeseeeeees creeenGain /feed (g /g)  vovereees
0 3 324 345 355 0.692 0.698 0.711
4 308 327 334 0.670 0.688 0.690
324 - 375 337 0.690 - 0.706 0.693
500 3 476 504 496 0.730 0.750 0.731
5 433 - 459 473 0.707 - 0.718 0.727
1000 4 454 446 462 0.713 0.729 0.717
5 477 - 491 466 0.751 - 0.753 0.733
x 399 406 425 0.708 0.716 0.718
ANOVA df trvrsveseesresneneneneenens Probability
Folic acid(FA) 2 0.001 0.099
Choline(CHO) 2 <.001 <.001
FA x CHO 4 0.015 0.125
Experiment 2 0.004 <.001
EXP x FA
EXP x CHO
EXP x FA x CHO 7 0.210 0.537
Regression df Probablhty
Folic acid 1 0.001 0.073
FA x FA 1 0.433 0.533
Choline 1 <.001 <.001
CHO x CHO 1 <.001 0.016
FA x CHO 1 0.173 0.258
€ A dist Ao 4EBAE EHAT choline 28 17 2014 71 98 AR A2 FAE
o] Arbe 23R A F kSl diste] o 2] 9 (De Souza®t Eitenmiller, 1990; Ryu &,
#AZS BGH(Table 5). 71ZAR cholined H7t 1994) 8 ©)&A] AlFEW fFakshEre]l 1.459 1.70
Alof] Zhekz2l valgus9t varus®] TS A A 2 mg /kg AllolA ZA)e} AlREES AAFEHALH,
2A A, AR g4ty cholined] F7bs AW & vt "ol ME 1.95 mg /kgel dite] € AR
2ol & v X] 2] E3IHTH(Table 6). £ Forlel SuiskE e A4 13 29 AAE o8

3] SAoA] 9dato] choline® methionineo] A&
4 B 225l =4, AR A8, Z+eks? valguse} varus,
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Table 5. Effects of dietary supplemental folic acid and choline on the bone ash (%) and tibial
dyschondroplasia (TD; %) of broiler chicks (Exp. 3, 4, 5)

Folic acid (mg /kg)

Choline Exp. No. - -
0 0.5 1.0 x 0 0.5 1.0 X
. Bone ash (%) ceeaseresaas . TD (%) ...............
0 40.2 40.6 40.5 9.4 9.4 3.1
4 36.8 36.1 37.0 9.4 0 3.1
5 38.3 38.3 38.6 3.6 - 12.5 6.3
500 3 39.8 38.6 39.7 28.1 40.6 6.3
5 37.6 - 37.1 38.6 18.8 - 21.9 23.1
1000 4 36.1 35.6 35.6 29.0 28.1 36.3
5 37.6 - 37.5 36.5 40.6 — 37.5 34.3
x 38.1 37.9 38.0 19.8 19.5 17.2
ANOVA df Probability
Folic acid(FA) 2 0.674 0.713
Choline(CHO) 2 <.001 <.001
FA x CHO 4 0.031 0.023
Experiment (EXP) 2 <.001 0.456
EXP x FA 3 0.911 0.245
EXP x CHO 2 0.407 0.872
Regression df Probability
Folic acid
Linear 1 0.877 0.666
Quadratic 1 0.722 0.494
Choline
Linear 1 <.001 0.011
Quadratic 1 0.009 0.418
FIE, AT AT, 17 oA Fare Fakol] vl potropic agent) 24 &x]3& ehdtH Duvigne-
e ks 795tz Ad 394 5742 APty aud, 1952). 71& A}zl ke 500 mg /kg®] chol-
o} 71Z2ALE 9] 94ke] 8- 0.6 mg /kg} choline ineg 7} Al choline?] §H&-2- 1,254 mg /kg ©]
S 754 mg /kg S 2A] HlWA B FFo]go =, ol NRC(1984) 8k} ngl 2302
1} choline Z9%<) 7+ Ao} zHeF= (McGinnis A AE RS ALd nE Wil FAL 28t
5, 1944; Jukes &, 1947)& & 4 o). ol 3k g 7 USE BHFU}. Choline?) 7= 7108l
Z3}= choline? labile methyl donor(March$} viel E2A HE 42 Sz on IS 7
Biely, 1955) 2417} opbd &xubzt A4 2=t (anti-li- 227, 44k H7h= cholined] A7)el H¥)sle]
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Table 6. Effects of dietary supplemental folic acid (FA) and choline (CHO) on the valgus(%), varus
(%) and lipid(%) of broiler chicks (Exp. 3, 4, 5)

Folic acid (mg /kg)

Choline Exp. No. — — —
0 0.5 1.0 x 0 0.5 1.0 X 0 0.5 1.0 X
......... Valgus (25)eereree weeereens VArus (98) eeereees  woesesenLipid (%) seeeeeees
0 3 43.8 46.9 50.0 40.6 28.1 18.8 3.74 4.06 4.22
4 46.9 50.0 28.1 25.0 25.0 37.6 4.34 451 4.60
28.1 — 31.3 40.6 34.4 - 31.3 30.1 4.57 — 546 4.44
500 3 43.8 31.3 28.2 3.1 3.1 15.6 4.44 420 4.89
5 12.5 - 188 26.9 3.1 - 3.1 56 5.27 —  3.86 4.53
1000 4 28.1 40.6 31.3 15,6 6.3 156 3.87 449 5.20
5 21.9 - 15.6 275 9.4 - 3.1 100 4.4 — 4,50 4.50
x 32.1 42,2 29.0 18.8 15.6 17.9 4,38 4.32 4.68
ANOVA df veeees PrODADIlILY weeesseeereesnmssrsmnniinnnnnen s
Folic acid(FA) 2 0.034 0.735 0.263
Choline(CHO) 2 0.006 <.001 0.933
FA x CHO 4 0.936 0.769 0.230
EXPERIMENT(EXP) 2 0.005 0.556 0.233
EXP x FA 3 0.609 0.201 0.386
EXP x CHO 2 0.942 0.365 0.122
Regression df covees PIODABIlILY «eseeeerrvereseeesemenesiiniinseienennins
Folic acid
Linear 1 0.055 0.218 0.595
Quadratic 1 0.027 0.240 0.391
Choline
Linear 0.031 <.001 0.771
Quadratic 0.123 <.001 0.795
Fgo] A ASATE S Fo] vl Hste gAY A &8 gEe vd 0.7598 dEF g
HA5] MAEPem(P<0.01), B Zdok=e A4 (Leeson® Summers, 1991). 2 A3 §A19] 4737

e

tach ol”e] ruHE Jd3E(March® Biely,
1956; Creek®} Vasaitis, 1963: Wong %, 1977) 9]
G2t g7kl B3 Al WolE Bl Al AR &
2 vt A| AR (semi-purified diet) & FogA]o o] F
oJPomm ople Hagte] a7Ed Aotk HA
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FAE AT YL LTHE FEI] SUHH e n
2 methionineo] A 1 A3k ol k] SAA] o]
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o] &0l 1.45 mg /kg & W §A AA7 A2 E
&2 S35 olc), 7he) G4k ke Gk "ot 4
ol Wb curvilinear WS BEow 1.70
mg /kg FFol A Sl sl 9t

AE 3014 5701 712 AlgE 4459 st 9
F2 3o tFeke methanolg bR 9] chol-
ined F&3lo 7| ZALE A G4+ 0.6 mg /kgel2d
£ choline®] &2 745 mg /kg =0} A8
Wl choline®] #=&0) W& ] choline?) 4250 =
ol Blste] Pabke) ot Ak o Axon, &
I} choline?] 43 2H-g-o] AUATE Algol] ke 2
ol F7hetel weba zhekzdl valguse 23} 3AE
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AT & AR Aelde B AEE 9
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A3k 1,300 mg /kgdt BlSatl o) 9] a7
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