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for Folic Acid in Poultry Feedstuffs
K S. Ryu, G. H. Rark and W. J. Shin
Department of Animal Science, Chonbuk National University
Chonju, Korea 560-756

ABSTRACT

In Experiment 1, microbial assays were conducted on 57 feed ingredient samples to determine
the content of total folic acid using Lactobacillus casei{l ATCC 7469). Folic acid contents of feed
samples pretreated with conjugase, a-amylase, and a mixture of protease(Pronase®)were corn,
09+1.18(pug+SD); fish meal, 23.05+1.27; milo, 29.3440.55; bakery meal, 25.80+6.93: meat and
bone meal, 56.76+4.97; wheat middlings, 85.14%2.56; and soybean meal, 193.97+3.98.
Experiments 2 and 3 were conducted to determine the effects of dietary supplemental folic acid
and methionine on the performance of starting broiler chicks for 18 days. Four levels of dietary fo-
lic acid(0.24. 0.54, 1.14 and 2.34mg /kg) and four levels of dietary methionine(0.45, 0.53, 0.61, and
0.69%) were fed in a factorial design. The basal diet was based on corn, isolated soybean protein,
meat and bone meal, and fish meal. It contained adequate amounts of all nutrients except methion-
ine and folic acid in both experiments. Increased growth rate was observed in chicks fed the basal
diet supplemented with either folic acid or methionine. Total dietary folic acid and methionine plus
cysteine requirements for optimum growth were estimated to be 1.80 mg /kg and 0.89% in Exper-
iment 2, and 1.47 mg /kg and 0.91% in Experiment 3, respectively. There were interactions be-
tween dietary folic acid and methionine on weight gain in both experiments. Chicks fed diets con-
taining 2.34 mg folic acid /kg tended to display slow growth rate in both experiments. There was a
significant linear feed conversion response to folic acid in Experiment 2, and a significant quad-
ratic feed conversion response to methionine in Experiment 3. There were both linear and quad-
ratic liver folic acid responses to dietary folic acid in both experiments. There was no indication
that dietary methionine had any effect on liver folic acid content. The incidence of tibial
dyschondroplasia increased with increasing supplemental methionine, but were no significant

differences detected at 5% level.
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2olgk AkslE pteroyl-glutamic acid #A4ol
i3t A o]u (Farber %,1947). ©l= AIF-& & pt-
eroic acid, p-aminobenzoyl acid(PABA), poly-
glutamate (Whitely, 1971)& vhdoizlch ik
AdulE o & pteridine FF|A4] folic acid reductase
o] 2l Akslyb o]Fo]A tetrahydrofolic acid
(THF) ¢ 82 23004 F9ch(Blakely, 1977).

Aol A oF 8022 P4HE polyglutamates FEl
2 ZAse W5E 52% mono-glutamate, 16%
diglutamate, 18.5% pentaglutamatg 7= o] 2
thH(Pedersen, 1988). YJ4k2 AFuldl ttdF &
b A3 A3kE)o] g)o = 2 (Konovalova 5, 1974)
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9 g8dM g-amylase$} pronase®e] ©]8& conju-
gase?hS o] &3l TP ol Hlste AA 3] =&
A Fake FEE 4 Ak (Martin 5, 1990). 1 2
7 AOAC(1990) Wyio=m Mg Alg dsu 94
geke A A 5o UA et

g ++2 homocysteine©] methionine?] 43S ¢
3}e] choline?} 435 ZHgsle FEAZA LElA A
t}H(Dining %, 1951). A4 A}&e) choline, meth-
ionine, betaineS-& A }8}4-S Aloll homoscystine
S methionine® 2 W3IA|AH F= homocysteine
methyl Zol&4 5-methyl THF homocysteine
methyl- transferase= &7l A ol vlgte] 1
Z=z20] 9kow (Saunderson® Mackinlay, 1990)
AbEW methionined W& FFo= 3L Al
5-methyl THF homocysteine methyl- transfer-
ased| F& Z71E20.2H methionine 2EVES
EPAtH Saunderson® Mackinlay, 1990).

38 Fake S AR A gy o] F
Zbgol uwEha a3Fe] FviEdck. Marchst
Biely(1956) & Alsul ol 58 20%14 26%
2 39g mol] Pare] 7% 0.33 mg /kgollAl 1.
43 mg /kge 2 FUtEldTia &kt Wong 5(19

77) & S04 AFRY glycineFEo] WkE W 94
o o7ee 1.69 mg /kg oIUEAE ARSIt =2
o) glycined FH3HAE W Garel 27HFL 0
340014 0.49 mg /kg ATk aHATh

LA Gare] 2 7He FFE viAE Ak o
o 7HAgt & & Qed dnFeR St oivd,
ol2g Fdg AmEA FeiAdl AEd daH
methionineo] st} 1mg &A1 4FE

;

=
B3] Jabile methyl group®] 4 d4

g slelE &
Feals 9o) el gael e 2R

zarsith(Pesti 5, 1991). 22} 718 AR 95
gab B o] xjo| 2 o]e|gh AlgollA Fate
atere g4 g Aog pary uFute] A 27t
e qh FZol A hexane$ o &7HE o] &

5 = A
HeltHEwing, 1963). 3+ ALEW vlelR 2 22

A Ay e ol we) g4t o &E2 SUH
1318k o (Cropper$t Scott, 1967) i4te] &
= A3 Ao Alzo] 7l uleba] @A s A8t
Atz ®RaEEd (Mullin 5, 1982: Aramou-
ni¢} Godber, 1991) 7} Ak&.2] 4717 A2 AlR
Wy gatel +2& AL 5
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inoculum broth, assay mediax Difco(Detroit,
MI 48232 USA)oA FU43192H, pronase®=
Chlbiochem(La Jolla, CA 92037 USA)A, «
-amylasex Sigma(St Louis, MO 63178 USA)e]
A 43 ok

2) gite] &

Fate) F2 wEL De Souza®t Eitenmiller
(1990). 283 Martin(1990) 2] ¥H8-& WEsled o)
|HAt FAre] BAE ke w3t F 24431 o]
W] Lactobacillus caser7} inoculum broth A]3 ol
6AI1ZE B 37°Coll A vl gate] HEstd ). standard
= 0, 0.1, 0.2, 0.4, 0.6, 0.8, 1.0ng2] F4ate] 22} 3}
FERen o]y standard9} sampleS 121 7oA
58%-7F autoclaved}sd ™ inoculum broth 3F B4
Zyztel FHo HE3H ), standarde}l sample 24
Azt B¢ 37ColA incubation Bem AOAC
(1990) whd o = =43}Ac)

of

3) Al &4

Fare] 98 AtEW 2 Rao%(1987)0] 7idet
computer programel] 2Jste] AXE QoM 2jz] 7k
B 22492 SAS(1985) 24 Duncan 23-E ki)

2. HE 2913

Ay 29} 32 FLY ez A V2 AEE S
FoF i FHo 2 1S Aol EF-% oprimatat g4k
£ A9t NRC(1984) ¥ da 27%S F5A
}H(Table 1). Al AAl= A5 0.77, 0.85, 0.93,
1.01% &3 olnlxita) 0.24, 054, 1.14, 2.34
mg /kgo] FAE HrHe dx4 2 Aoz A HA
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Table 1. Composition of the basal diet of Experiment 2 and 3

Ingredients Amounts (%)
Corn 72.86
Fish meal 14.00
Isolated soybean protein! 6.40
Meat and bone meal 5.00
Poultry fat 1.60
Vitamin premix? 0.05
Mineral premix3 0.05
Salt 0.04
Composition estimated from basal diet ;

Metaholizanle energy (kcal /kg) 3.289
Crude protein (%) 23.00
Methionine-+cystine (g /kg) 7.73
Choline (g /kg) 1.151
Folic acid (mg /kg) 0.24

! Tt is from Assay protein RP 101, a purified, high quality chemically isolated soybean protein, purchased from

Ralston Purina Feed Mill Company.

2 Vitamin premix provides followings per kg of diet (mg): vitamin A, 5500 1U; vitamin E, 11 IU: vitamin Ds,
1100 ICU; menadion (as menadion sodium bisulphite) 1.1; riboflavin 4.4; calcium pantothenate 12; niacin 44;
choline chloride 200: vitamin Biz 0.009; pyridoxin 3.0: thiamin (as thiamin mononitrate) 2.2; biotin 0.3;

ethoxyquin 125.

3 Mineral premix provides followings per kg of diet(mg): Mn 120: zinc 100: iron 60; copper 10; iodine 2.10.
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2 AEo Ao 7o U8 AlEA JiHEAS
A8ted a-amylases}t pronase®E A7l = A Gat
3hFe- Martin(1990) 5# De Souza®} Eitenmi-
ller (1990) 7} &J2{7}A] 4]¥ollA w-amylase®} pron-
ase®Z Hrpst oA falE A4t e gzl
H|Ete] S/ ATHE Bl dX|g), YR AlRe

PAEA S 9)ste] g-amylase$) pronase®E H71st

3} ol $7l9) Qiabe} v Q] e W AT

D24 conjugasetg o] &3t By A 24
Hol wsted HF 24.3% ol EF7E ZHAST
(p<0.05)(Table 2). #Ak-e A5 ApgelA +4
gEel ztelz date] Wolrh HelNerE aam-
ylase9} pronase®s 713 oA AA S 4
are] o] FAEIgE st A te] FA

pakel|

A0 frolgel Ggich. T, olR, FEE, 271
o qabgake NRC(1984)9) 4% £AES) m&s
GOt Ahgel Fo AR SEFs il 25l
AR 9SS BoiFTh S5as tFue] A9
of @ate] Fapo] AHHUR 291 G BA W
ol 4ol Aol (Khalsa, 1982)8h FEHRIA A5

A 71zH(Hunt, 1984), %< #H3H(Mulling, 19
82), 7129 W (Cropper$t Scott, 1967: Lee, 19
82) 2] z}olel| 7je|d Ro= AYzter),

2. 49 2013

A}E U] methionine |
o] vlsle] FHEH ALEF A FAH]
(P<0.05)7F Ut %
mg /kge] AAEW it FES AR
o 1.62, 0.86 mg /kge] ALY HFit
E8& fAsI Tk (Table 3). 28 29} 304
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Table 2. Effects of various different treatments on folate contents(ug /100g+ SD) of feed ingredients

Sample Free Conjugase C+A+P! Increase
Source ) . .
size folate digestion digestion %

Corn 14 8.6°+0.4 18.6°+0.7 22.99°+2.0 23.0
Fish meal 7 13.8°+£0.6 19.1°+1.1 22.0°x1.2 15.5
Milo 4 9.2°£0.4 18.7°+1.8 29.3x0.6 36.4
Bakery meal 5 10.4°+1.4 20.9+5.2 25.82+6.9 18.9
Meat and

bone meal 4 24.4°%£2.3 42.7°+5.3 56.8*+5.0 33.0
Wheat

middlings 5 17.5°+1.7 72.1°4£2.7 85.1°+2.6 18.0
Soybean

meal 18 31.5°£0.9 168.4°+4.1 194.00+£11.2 15.0

1 C : Conjugase, A : Amylase, P : Pronase®

a5 ¢ Means within a row with no common superscripts are significantly different (P<0.05).
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Table 3. The effect of various dietary folic acid (FA) and methionise (MET) levels on body weight
gain (g), and gain:feed (g /g) of young broiler chicks (Exp. 2,3)

Dietary treatments BW gain (g) Gain:feed(g /g)
FA (mg /kg) METH (%) Exp. 2 Exp. 3 Exp. 2 Exp. 3
0.24 0.77 353 262 0.529 0.634
0.85 427 371 0.565 0.701
0.93 468 395 0.603 0.699
1.01 475 412 0.605 0.699
0.54 0.77 421 413 0.546 0.692
0.85 454 444 0.559 0.718
0.93 502 459 0.622 0.722
1.01 456 433 0.570 0.692
1.14 0.77 433 430 0.546 0.690
0.85 483 459 0.591 0.706
0.93 451 428 0.564 0.685
1.01 478 434 0.587 0.675
2.34 0.77 489 423 0.590 0.661
0.85 460 420 0.580 0.663
0.93 469 447 0.570 0.681
1.01 455 413 0.544 0.656
Regression analysis
Intercept —1107.0 —1558.4* —0.772 —0.737
FA 21.1* 342.2* 0.195* —0.097
MET 3115.7* 3914.5* 2.707 3.095*
FA X FA 15.2 —50.9* 0.001 —0.016
FA x MET 254.8 —211.0* 0.226* —0.076
MET x MET —1496.2 —1980.0* —1.325 —1.667
R2 0.45 0.54 0.27 0.21
Maximum FA response! 1.80 1.47 1.62 0.86
Maximum MET response? 0.89 0.91 0.88 0.91
Predicted maximum 529.3 474.9 0.58 0.711
* The coefficient was signigicantly less than zero (P<.05).
' mg /kg diet,
2 9 of diet.
ol 0.93%% vehll& NRC(1984) ¢} ztel7} gl= Al Gake] grers Atgd gare] gro] ol w
Ao 2 Vet Table 3). 2t Azt BAYA fFolxE RAcHP<0.01).
AFEW methionine? ¢4te] Hote —'E’Z]%’_’—J—} E Ao d3=2 n@shd SAA AR Fse
& Zrefzoll JakS XA ko (Table 4), 7t As Jrkel e 7S 47 1.80, 1.47 mg /kge g
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Table 4. The effect of various dietary folic acid(FA) and Methionine (MET) levels on bone ash (%)
and tibial dyschondroplasia (TD; %) of young broiler chicks(Exp. 2,3).

Dietary Treatments Bone ash (%) TD(%)
FA (mg /kg) MET (%) Exp. 2 Exp.3  Exp.2 Exp. 3
0.24 0.77 40.4 39.1 4.2 0
0.85 40.6 39.1 0 8.3
0.93 39.9 39.4 16.7 12.5
1.01 40.3 39.2 12,5 16.7
0.54 0.77 40.7 39.6 4.2 16.7
0.85 40.1 39.2 16.7 12.5
0.93 39.8 38.7 16.7 16.7
1.01 40.0 39.1 16.7 16.7
1.14 0.77 40.1 39.0 8.3 8.3
0.85 39.9 39.2 20.8 16.7
0.93 39.4 38.7 16.7 20.8
1.01 40.0 39.5 16.7 33.3
2.34 0.77 40.4 39.0 16.7 20.8
0.85 39.7 38.9 8.3 12.5
0.93 39.9 39.0 8.3 33.3
1.01 39.8 38.7 25.0 20.8
Regression analysis
Intercept 60.0 45.5 —32.9 85.7
FA —-0.9 0.1 40.6 —187.0
MET —42.2 —13.9 0.8 —0.4
FA x FA 0.3 0.004 11.0 110.4
FA x MET 0.1 =0.03 —0.9 1.0
MET x MET 22.6 7.7 0 —0.01
R? 0.32 0.05 0.13 0.19
Maximym FA responsel 1.62 38.5 1.02 0.67
Maximum MET response? 0.93 1.56 70.8 40.2
Predicted maximum 39.8 34.3 16.7 16.1
' mg /kg diet.
2 % of diet.
Yelststl of#g dale B Ao o) 45 giake olz|g A7 AFEW methionined] H7F 4230l =

TE Well £3817] wiEel AH T 5 ek, gk 7oA

2]

2 32 o2
oo

10 qfo

od

o] ghEe ALEY) Aake] Aol vla st 271
2125 methionine] Hrlo) v)d) st
2 AasHE 43S 29eH (Table 5)

7hgtoll wheta Aol 83t methionines] F-g¢]
Z7}E 22 labile methyl Z& thal & AxR)
F3AH BE 2 ) WREeg HMHEc A

2
9} 39] A= v ALEU methionine?] $250)
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Table 5. Effects of various dietary folic acid (FA) and methionine (MET ) levels on liver folic acid of
young broiler chicks,

Dietary treatments Total folic acid
FA MET Experiment 2 Experiment 3
(mg /kg) (%) N 7= 11]0)-3 R TP Or NP

0.24 0.77 157 200
0.85 111 192
0.93 104 198
1.01 o2 179

0.54 0.77 361 476
0.85 323 444
0.93 291 500
1.01 270 432

1.14 0.77 620 757
0.85 542 841
0.93 588 823
1.01 595 672

2.34 0.77 822 1174
0.85 726 992
0.93 752 848
1.01 745 958

Regression analysis

Intercept 1919% —714%7

FA 754<0 1271<%

MET —4220°% 174207

FA X FA —1800< —227<%

FA x MET 28087 —342018

MET x MET 222402 —1080%™
R? 0.89 0.87
Maximum FA response 2.14 2.49
Maximum MET response 0.93 0.41
Predicted maximum 1046 1228

Superscripts means the probabilities from regression analysis
! mg /kg diet.
2 9 of diet.

Sg o Qatel H GH7h YeH B4 ohvle
2ko] 0.93%%1& w Hehsl FH % AR ESS AL
7] A Babe] L TE 0.54, 1,14 mg oI ek
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Act 7k AlgeliA] gake] B4 i
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A3 29} 3014 A A7IelA Hge FUIE 4
3t 9§ A7} methionine plus cystine®] {78k 247k
1.80 mg /kg 0.89%%} 1.47 mg /kg, 0.91%= 38
@Ak ALEU gatel "rie HMelztol FA ¢
o) Gastgola 23 SAE BYern (P<0.01)
methionine®] F7}= kel F4r 528 ZAar|zlont
)7kl AR frelAde] slleh B koA o
2be] gheke AbE 42 Aol wiwlated F71E A
S8 8 F Ak 2 AfoM = A& methion-
inee] 7ol Hjasle] oA qike] k2 PaH
= AEE 2 A AT HE Y JFo] &7
HE g4ake] a3 NRC(1984) 9] 2F 3ue]l&A]

= AFEUY] methionine®] #7} 4-5=0] Z71g wh
Al el g flg Gatel S THE A
o, aHBR 8§74 Az gl Fad ApE
methionine?] 5ol w2lA methionined labile
methyl =2 A} G E AXHA FAAL =2 2
HEF E = Jdonz SA Wyl e Suist

2 A% QA 8PFe AEA At Basi
HQ
ME 1 AhE AR RN AT BN A%

o Lactobacillus casei (ATCC 7469) & o] &3l 1|
Aot B8 Al 57719 AR 98 &

2.4247(14), AF1H(18), o1(7), 271&(5), vt =
(4), BA(5), STF(4)) AR ARA Hike
gleke  conjugase(y—glutamylcarboxy peptida-
se), protease, a—amylase® 7} conjugaseit
& o] g3k B Q) Wy visted 24.3% F7HERY
o},

A3 29} 30 A W71 AEAA FES el
methionine (0.45, 0.53, 0.61. 0.69%) % §44(0.24,
0.54, 1.14, 2.34 mg /kg) & Al §A9] S8l 1l
= o3k stz APEATh 7IE AEE F
247 isolated soynean protein, $ZE, o]i&o| ]
g59 oM AlEU methionined JFAH A 9)3 =&
Aok FEEITH SA A9 Akmd garst
methionine plus cysteiene?] =52 Ag 204 1.
80mg /kg, 0.89% A& 3014 1.47mg /kg 0.91%¢l
A AR Sdslsidnt, T AdolA BE
7} methioninAleld] A& 2Hgo] AAem Ataw o
o] o] 2.34mg /kgoll M FAFL ThHE A
o Borh AR ESS AY 2004 Fake HIiEel
wata] dEHo fHEE Hee nyom 44 3
o] A= methionined] ¥} $50] Z71gtol wlghA 2
2} 3AE BTk AY 29} 304 The] FAEEHE AL
U Q4te) 0] F1E e weba @A EA St
2o AlEW) methionine®) £ 7+e] G4kstek
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