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MR 7, 2R, NRASHE A LR , 2 250 D\
HNESRAS, BHET, L ks EREE KR
K, W R e = AT R 2 3 3 A7 7 A f B It AR
(P HEEREEERZSHHRAR) (WS/T
578.5—2018) , A M FRHEFEHE A T8 400 pe/d,
£ 2010—2012 4 [8] 38 [ J& B g & R 7 2248 A
N 180.9 pg/d, MR 78 AL N 9.0% ),
I, T R 2 A AR 7T R LA R 7 S

IR A B AL R AR SR AL TS kb 72 A
Fas Ak & 9w O ek R B =X R B I A R
( pteroyglutamic acid, PteGlu) , & — Ffifk T. & i AY
FAE TR, T PteGlu J& — Fl AR KR At
iR, %o A AR i B 110 F1) AR A7 ZE AR K il i
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X T e AR v ) I TR B Akl AR B
WM RIEAE & TEESD, REVHREY], E
X ARV T n i R il S S R R AR P R Y A
R RS N 3] — % B, X R b R Rk 24
i, AFEAREEHEZE XS A KB B A 2 5
i X 2 R U0 A B LA K gk B A A R R TR
ﬁD%[S,Q—U] .

AR F P R AN T 2 B T R B v R AR
M FRZRZE, 21 G T MR g 539 & ot
PR DG AR A R R W N B v R I e AR
I 2 0 S P 5 00 T 0 3 O o Ak B — R
i, 8 2 Pt R 5 BN P IR 3 B N, Ogundare
ALl ongy ] BN A R 4 A oo 5 A
1.0 mg/kg PteGlu Fif | X8 25 rpr it iR 75 £ 43 i) Ay % AR
Ry 2.1 2.6 £ FEUE 2248 i =2 W8 g =
W36 HEXY 1R AR AN 4 ~ 16 mg/kg PteGlu Fif | 3%

E R A B S UURUE Y T R —
AT E LAY, fEOE IR 2 o &4 1R
KW A o T BUA [ 52 56 % 8] A 0 &%

ZEFERR . BIIN 17 Aok B AN ) [ 58 1 52 6 2 A
DGy Aok R ZE e i R % 6, S (] A9 A8
ZHE K 24% 35% F1 24% "7 Strandler 25 1,
BT ARIR] SCHR A A XS R i A, R
B R &N 5.1~27.0 wg/kg, HH ) 5-MTHFE
10— H LR 2 2 ; Nojavan 451 75 K B
il 4 5-MTHF 5= -2 F1 10— H fBE iz 3 F
X, HEL R & 2 5 AR s D e iR K 22 5
PRI P 2 A 0 7 35 T g A 3 BROAN [) SR v X i
MRS EERERN - AEERE, iR
JIVZEL T HE 2L B A T s AS ) SC gk i 8 1 1) P i A
DA 22 S At L RS N &R 7E 0.5~ 8.0 mg/kg I,
XA rh R S B A B . PR TS IR S
(PteGlu il 5-MTHF ) X} 3% 2 I fig & %A o &

AT

®1 MHEBREMENGEHRMHRSENRM

Table 1 Effects of supplemental level of folic acid on folate content in eggs
it R T X 8 R \
A i i n . %3k
. Supplemental level of Egg folate content/
Layer species . . Reference
folic acid/(mg/kg) (pg/egg)
W22 4 0 42.1
fif%% [19]
Hy-line brown 6 82.4
17.6
sl 0.5 40.6 [12]
Black Harco ’ '
1.0 46.6
22 CV20 0 19.7 [10]
Hy-line CV20 4 39.0
E i H 0 28.2
Shaver white 8.82( PteGlu) 43.9 [9]
LI Shaver brown 9.05(5-MTHF) 47.3
2% W98 0 20.8
Hy-line W98 4 57.2
% W36 0 17.7
Hy-line W36 4 49.6
2 V20 0 22.3 [11]
- 2 46.4
Hy-line CV20
4 57.9
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gk
A R S R R S0k
Layer species Sup.plem.ental level of Egg folate content/ Reference
folic acid/(mg/kg) (pg/egg)
0 35.0
2 56.1
i 24 4 4 52.2
I/{iy:iz‘%e brown 8 70.9 [15]
16 83.9
32 75.0
0 16.6
2 32.8
4 48.2
2% W36 8 31.6
Hy-line W36 16 29.5
32 45.8
64 35.8
128 34.5 [13]
16.8
42.2
31.0
522 W98 8 49.5
Hy-line W98 16 47.1
32 42.2
64 46.7
128 42.8

PteGlu; B i 75 Z iR pteroyglutamic acid;5-MTHF:5- B 3L PU S MR 5-methyltetrahydrofolate ,

T A DA P U I R i B T XS B N R
T, RN MR R K Al R R 7 A A X 2 R
R T R, B TN AR
T h rh R VE A 22 R ) I TR T AR RN, E /N 22 3k
B ARDAR R 8 0 B — 7T ZRHE TG ol R SR, N B D
PR RG RR R R 5 B LB A R RN AT ML A
oA KR XS 2 e v R B WA R A 4]
WS [ ZKOF i iR, X 2 v v R A6 58 3 R B vl 5k )
T s RS ST R DL RO ) A K By
B G X i R A T B R AR 2, XS Ah
R, 5207 8 M 22 ) A 52 i X9 2 ok R &
O (A A A R AR R P R A IR
VR BE B I TR, TR A LY I R R R I (] AR
RAIR 2R B E ; Hebert 25 7% 2% W36 FI
W25 WO8 R X L b R AR b 4r BWR m 2 ~
128 mg/kgM#2 , 2% W98 & Xt i 2 & | 2R 1% & Al
FER DS T2 W36, Kt 22 Wos X it
1% 1) B v T 22 W36 Jing 50 R IR ik rp

AR BESE N 24 A i 5 o SR T M R A B
IMFE 58 Ji W it AN 52 500

gL, R e AR JEORE R R R
SR XS 2 R AR B ) RN R BB TR A
G, 3G E Ao R A RN O A — s R
FUMIARAS o WS EE b IR A ML 52 3 M IR A 2R
R A A B R s A R 5 B s e, DA Mg 3 i
I PR 81 2 P PR AR DD R e — R B 4k 1 e

Ui

2 MEBRAEEBEANRKSHEE

PteGlu & A8 @ BRI X, ] B 4 90 1 266 I i
e, REBORRKIRHHIRE Z BB AR X,
ANREEAE 7 I A0 B, B e e AR I s
(AR % 1 5% A n 345 28 1 T =X Bl i 286 i Il
et R /N i i i BT WK R G B3k
PP L S5 R 200 g SR SRR I U v ot R A B A 2 TR
I, A 4 A ATRERHL I < 1) Fe b il AT AR
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W ABAT | T HE 2 22 SR AT R 1R il A7 1) B 224
BRI 50% 1 R A A7 AL IFIE R 25 2) £E R
FIE AR A A S 5 — B AU, T T RO & B
FEAL B R 5 3) iy RO 4 0 B AR T o iR

[l 21 4 f A o WM, 56 R AT BT
4) BEAFEK , e 2 N RARER | 22 A B0 A 1 TR
EH AL (K1),

7y [ & 48 M

Folate-Glu,
GCP ¥/ \
)' L <4
L
FolateGlu I PteGlu

PteGlu

DHFR J
PteGlu—>THF-S %> THE

FolateGlu =

T s-MTHFj'—z;-MTHIﬁ 5-

k3
59
PteGlu
THF
D, R
5-MT
l;%%
Vi v
VN AR BN

Folate-Glu, : 2 % 73 & 2 " 2 polyglutamic acid folate ; FolateGlu: 5. 4% % R I FR glutamate folate ; PteGlu; M Bt 75 & FR
pteroyglutamic acid; THF; PUS MR tetrahydrofolate ; GCP II . 7% Z MR ¥R I II glutamic acid carboxypeptidase II ;DHFR: &
M ERIE JFEE dihydrofolate reductase,5-MTHF ;. 5—H 3£ U5 #R 5-methyltetrahydrofolate

B1 MEREZESENERIES K5

Fig.1 Absorption and metabolism of folate in layers"

2.1 FAiE R

FENE Ji TR I R K- A AR 5 A T . A
AR R ) iR IR § iz B 11 ( proton-cou-
pled folate transporter , PCFT ) Fllif Jit Y i fig 4% iz 2
1 (reduced folate transporter, RFC) % i it ¥ 25 1
114 T i ) DR 5% B R 4400 L v v R RS TR AR T
i 2% 1 L TS MBS0 A B ] R A 2 i) 2 Y
MR /N T 0.1 wmol/L I, 25 45 23 Jizy B I 51 3
JBE it R W i R W 3 o, 4 o R VR B KT
0.1 wmol/LH, i % i1 W i % B¢ A7 8 3 A8 4h 12
I R it o B, B AR X BRI R R
X% 1A A AR I 5-MTHF i 25 5 PCFT Fl RFC
mRNAF A& TR 0 3L s ) A v AR i
ZHMFT,/NB RFC mRNA il ZE 4 26 35 134
B 1 M TGS R B W PR R AR R RFC
mRNA F35 5t FEAK, W/ o 3 v e W g =, A
I, i T 07 R AT 5 e S R PR R AR
EHE,

AN, B i R R T ORIE T B, I 1B
AP Re s Rt Rt E R, KEBIEMAED

21-23]

T A5 AT 8 | B K& | BB T E
AP RRE MR TARRSE 0 B R RE A ST 9 B A
IR ) ARDAR R R N R B A AL AR TR R 2
T4, AT 25 R AN FF B R ORI A T R A
FIFERE A B R 1Y £ A T A0 LR L BR TR BB AT
P BE 2 B ot W e = R R AL A i R K
SR M R T GRDRR R TR A R AT, M T B
Y6 LI i R 3 5 i 24 L oA A I YR AT 3R
B ERG R,
2.2 PARHEIA

i 3 W TR W WSO AR P T i 3 v i R K
- A0, 3Z B IE 28 ph IR T 3R ] 3 g 3 0 iR oK COF
(RSN 38 2 P O A 0 A 80 IV 0 ok R o T
BT B 50% 1 IR R Y S i 5O
JIEL 88 ORI R W A o R 5 A L AR
T AR A3 A8 10.0 mg/kg PteGlu £111.3 mg/kg
5-MTHF i, JIFHE R 2 i 1% At 2 A8 4600 AT
2 T G 2 A HE IS W44 - 1R 52 i 3810 S )
ALV, MG Z B, MR W 15 d 3
INE] 40 d, JFERVE BECR B T R R Ul B ARG



6 PNFPIAE L R NS VAR AR WA Qs B LML T 7 2471

AR By ELAT (4 B8 IR B R LR T TR, B A
A2 5 W I3 R B I R
2.3 GREMRYL

IV A8 2 v i i R R B I R AR Y R
b, 2R S B R I R A S Y
i o AT B SC R, Y R & o B —
T B A ML YR RIIXS 2 v R i A B A A AR
B IR B e I P R A A 43 5T X
& B IV P I R R T REAS S IR o X B R A
W E, JF B XS I 5L H A a0 R i B
BL

FEN FL 3, B SR R B 2 AR AL S R
Z Ak (folate receptor, FR) #1 RFC , FRa il i N 77 1F
FH G 58 2 1 W i) RRC 42 ) - 182 1 XL 1] %
W FRa A7 T /0N BRI S A BR-EE 20 it AR 2 40
JHe D PR L R N B o B ) B R AR R T
R IR R [T LR, I TR R R o AR R R
M B 369 R i 2R R R R
PR ORIV R R A S T AR A R R
Wi FR R RFC 78 JF AR R IR | 2k, &3 it
fgfy 2 s 2 Jing 4R R B, RFC 1R
X0 OB A o R 3k (H B XS O 5 H A v R 5% 425X
AR T AL AN TE 4
2.4 'BREEEIRNERY

LT i R BT, 2 B /INER G U8 U AT
INEE T IR 25 B I B9 FRao &5 & i R ik 47 IR
W RO B R S A N S RS A L
() REC 1 A ML AR R Fh T 8 2 %) 2 IR i bl
il I8 R Ak E AR B KPR, FRa BE R AK
0 FR S /N BR 8 TR T R, R L R
I, (LI 9 R 5 ek v e, R RO R T IR 3k
B AN FRa SN BBR S , /D BUE BE 5-MTHF
SNHESE I, B B A B R BN
WSO 2 45 I T T i v R HE DG RVE R R A
b B 2 G O T X B E R s A R Y
BLELA A FRAFSE

3 MERMIE

PteGlu J& H T4 77 & i Fe 4 25 19 32 22 i IR 7S
e, BT ERdE RAM R, 7 276 40 i N 3%
R A G IR A iR i R A 20 AR P AR 3
Bl 27, I 18 240 J AU 40 B Y PeGlu 78 — &Mt
Rk Ji i ( DHFR ) B9 48 {6 T 6 J5 oy — & i R

( DHF) F1VO & MR (THF) | B = 22 28 1R 32 WY B %
W ( SHMT) 1k THF 45 & 3k B 22 2 R 1Y % B
Fe, 77 5, 10— H 5L PO & v A H 2 e, 7E
LU R i D ) 4F TR #2464 5-MTHF, 5-
MTHF J&—Ff A= 1 2% A 5z fa i) i R JE =X, m] 43 14
G 1 R 2 SR o A N 77 L | G S N
PteGlu b Ry % M XU HZ 5-MTHF, 2 fie 4 7%
B MPTR B S P R EMRIE X . Y PeGlu &
Tk s i T A0 I 4 i P DHFR 3k 2 46 A
— SR AR Y PeGlu #F A T] #% K46 2R RN 1ML Y% 9
WU RFLITTBEA /D& PteGlu B4 THEE

5-MTHEF 4 B 55 7% 25 [ AU > e 22 8 A= il 2R
AR, IRIG Ay S— I H B 2R ( S-adenosylme-
thionine, SAM ) , SAM J& ff A H % 1k )2 b £ 4§
DNA RNA # [1J5 FIE BT /I, Y 2 Ak 5 g s
FeE Sy SRR [FIALE M = R (SAH) |, iff — P E L
g ) B RS R (Hey) ', SAH & B3 R A 6
fiig (A I35, 5 DNA H ILFE B 45 A 1 25 0 1 K
T SAM, [H I, HY 56 5 % il B 0 R0CR B T SAH
5 SAM WA A, IR & Hey M 32 221 3L
A, PJrE T SAM I SAH & &, 7E AT X 1l 4
HAS I P R AR 8 R o JHE I i I R A A
FALAKSE ) R B = S BT R BRI AR K R
JHRE RFC J& 3 Tk 34k, RFC KRG, it iR
iR Abeg2 i HH H 31k, Abeg2 KRR,
AT R S BUAE S g me Y PR, R K
I8 1] BB I R M R A 2 B 1 3 P SRR KR B
At M 35 % 2 B ) 52 ) 2k PR e 3k, (AL 4k 22 B
T N MR B AL

4 I £

TR AS IR AR A JRORE F R 5 e 2 R T XS
W IR R S A BRI R B R R A B
T, B RS AL 48 XS I I S M 3k E A A
J B R 7 A ) Ik TR 5 A mT BE R e A 2 v
MR, T 8 MR B iz A A aE BRI Y
(A% 5 X% I 90 S A P i R S BRI B A,
A, W 478 B 0 JUE S 0 AT R R IR AR L 9 T 7R
R BN R NG T O R B S i R B
3z A ORI TR TR WA A ) R LR 1 AN R
R E ST, H TR T 3 A Ak BE 5 0k B 5
M, AN ] S 36 2 00 A+ A4 365 2 PR R AR R 2 RO
PRI, o v A1 I 1R 2 BT 3k A0S I 7 9 LA B T8
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Pte?lu
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LTS DHF
THF N dT™MP \ D]-llFR
TS THF . Met
10-CHO-THF VSerm
MTTHFD duMm St _~DNG  SAM
| I\‘Glycine SHMT BEmM \
MS
5,10-CH*-THF « \MfTHFD-*>.10-CH,-THF & \ 34k [ B
| SAH
MTHFR betaine /
5-MTHF Hey

DHFR : &M R4 )5 dihydrofolate reductase ; SHMT : 22 & 2 #5 F B 4% i serine hydroxylmethyl transferase ; MTHFR
AV 5k U & - BR A6 J il methylenetetrahydrofolate reductase ; MTHFED ; MV H 3 U 55 1 2 JIi6 & A methylenetetrahydrofolate dehy-
drogenase ; MS : 5 & iR & i methionine synthetase ; BHMT . &if 35 i [ 2 > bt & 2 B 3L 5% A5 i betaine homocysteine methyltrans-
ferase; TS : iy 4 R & i thymidylate synthetase ; Hey : [/ 12 Bt 40 R homocysteine ; SAM : S— i H H #i &R S-adenosylmethi-
onine; SAH ; S— /I # [F] B 2 Y. & 18 S-adenosyl-homotryptophan ; Met : £ 2 i methionine ; PteGlu ; 8 it 4+ & R pteroyglutamic
acid; DHF; " ("R dihydrofolate ; THF ; PU 5 "R tetrahydrofolate ; 5,10-CH,-THF:5, 10— Ff! 3£ U S TR 5, 10-methylenete
tetrahydrofolate; 5, 10-CH*-THF; 5, 10— Fl 3£ PU & FZ 5,10-methylene tetrahydrofolate ; 10-CHO-THF ; 10— F [ U & 1R 10-
formylte trahydrofolate ; dTUP; i 5 JRF R deoxyuridylic acid ; dTMP; JIii % #% ¥ X deoxythymidine ; Glycine : H %% ; Serine 2%
Z R ; betaine ; §H S0,

B2 Egfig

Fig.2 Folate metabolism "
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Advances in Absorption and Metabolism of Folate and
Its Mechanism in Layers
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Abstract ; Insufficient folate intake is a global problem, and low levels of folate in the human body increase the
risk of anemia, malformation, cardiovascular and cerebrovascular diseases, cancer and cognitive impairment.
However, excessive intake of oxidized folic acid may cause a potential risk. The oxidized folic acid is conver-
ted into a natural form of 5-methyltetrahydrofolate by the layers, so that the human can solve the problem of in-
sufficient folic acid intake while ingesting food. This paper reviewed the folic acid enrichment rule in eggs and
its absorption and metabolism in the intestine, liver, ovary and kidney, and the metabolic regulation mecha-
nism of folate in layers was explained. The purpose of this paper was to provide theoretical basis for further re-
search of folic acid in layers. [ Chinese Journal of Animal Nutrition, 2020, 32(6) :2467-2475 |
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